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This Special Issue focuses on recent global research on the current coronavirus (COVID-19)
pandemic. The disease is caused by a novel virus, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) [1,2]. The International Committee on Taxonomy of Viruses (ICTV)
named the virus SARS-CoV-2, as it is genetically related to the coronavirus responsible
for the SARS outbreak of 2003 [2]. While related, the two viruses are quite different in
their behaviour. At the time of submission for publication (7 January 2022), COVID-19,
named by the World Health Organization (WHO) on 11 February 2020, had caused more
than 296.5 million cases and over 5.5 million deaths with over 2.6 million new cases in the
past 24 h [2]. The COVID-19 pandemic has greatly affected the capacity of health systems
providing essential health care [1], but more than 9.195 billion vaccine doses have been
administered as of 10 January 2021 [2]. There have been 22 papers published upon peer re-
view acceptance in this Special Issue, including one editorial, twelve research papers [3–14],
three review papers [15–17] and seven other papers [18–24], including one perspective, two
case reports, one brief report, two viewpoints and one commentary. They each contribute
to a much better understanding of COVID-19.

The contributions of these papers can be summarized as follows for the 12 research
papers. The first of the research papers was a study of mortalities due to COVID-19
through a retrospective, observational study that included all inpatients from a major
hospital in Nepal. Interestingly, 16% of patients also showed microbiological evidence of
secondary infection [3]. The second of these studies was a cross-sectional survey exploring
the knowledge and perceptions of healthcare workers (HCWs) regarding COVID-19 issues
during the second wave of the pandemic, in four tertiary care hospitals in Greece. This
study reveals some misconceptions and knowledge gaps in HCWs’ everyday practice,
especially regarding hand hygiene and antimicrobial use in COVID-19 patients [4]. The
third study looked at COVID-19 vaccination in those aged 75 years and older in Brazil.
COVID-19 vaccines were highly effective in reducing the number of COVID-19-related
deaths in over 75-year-olds [5]. The fourth paper studied persistent symptoms in post-
COVID-19 patients attending a follow-up clinic at a tertiary care hospital in Nepal. Of
these, 97 (82.2%) patients reported that they had at least one persistent/new symptom
beyond two weeks from the diagnosis of COVID-19, including dyspnoea, fatigue, chest
heaviness, and cough, emphasizing the need to extend the monitoring of symptoms after
discharge [6]. The fifth of these papers was a study to examine the impact of the COVID-19
pandemic on tuberculosis (TB) and human immunodeficiency virus (HIV) management
in Zimbabwe. Impacts were demonstrated on the management of both diseases [7]. The
sixth of these papers was a similar study conducted in Malawi, where there were similar
impacts of the COVID-19 pandemic on TB and HIV management [8]. The seventh of these
papers was a similar study conducted in Kenya, where there were similar impacts of the
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COVID-19 pandemic on TB and HIV management [9]. The eighth was a case series of five
clinically- and laboratory-confirmed COVID-19 patients from Bangladesh, who suffered a
second episode of COVID-19 illness after 70 symptom-free days. The study suggested the
need for COVID-19 vaccination and continuation of other preventive measures to further
mitigate the pandemic [10]. The ninth of these papers was a case of Plasmodium falciparum
malaria in a patient asymptomatically co-infected with COVID-19, which reinforced the
need not to miss the diagnosis of malaria infection [11]. The tenth of these papers was
a study looking for common respiratory viruses amongst HCWs with upper and lower
respiratory tract infection symptoms in a major hospital in Manila, Philippines. Of these,
38 (13%) identified positive for another viral etiologic agent, compared with seven (2%)
who were positive for COVID-19 [12]. The eleventh of these papers sought to estimate the
seroprevalence of COVID-19 in a cohort of general practitioners working in Catania, Italy,
after the first wave of COVID-19, which was low (3%) [13]. The last paper was a survey
by the WHO Special Programme for Research and Training in Tropical Disease (TDR) and
collaborators of health workers trained through the Structured Operational Research and
Training IniTiative (SORT IT). This survey was designed to determine whether they were
contributing to the COVID-19 pandemic response and, if so, to map where and how they
were applying their SORT IT skills. It showed that investing in training ahead of such
public health emergencies is vital [14].

There were three review papers in this Special Issue. The first of these was a review of
the literature on the influenza pandemics of the 20th century, and of the coronavirus and
influenza pandemics of the 21st century. There are remarkable similarities among them and
it was concluded that the public health response to the COVID-19 pandemic constitutes
the basis for delineating best practices to confront future pandemics [15]. The second
was a review of the efficacy and safety of lopinavir–ritonavir (LPV/RTV) in COVID-19.
This review did not reveal any significant advantage in the efficacy of LPV/RTV for the
treatment of COVID-19 over standard care [16]. The third review was an evaluation of
severity and mortality in COVID-19 patients with underlying kidney and liver diseases.
This study found an increased risk of severity and mortality in COVID-19 patients with liver
diseases or chronic kidney disease [17]. There were seven other papers in this Special Issue.
The first was a perspective, examining how operational research can improve the delivery
of established health interventions and ensure the deployment of new interventions as they
become available, irrespective of diseases [18]. The second was a case report of two cases of
heart transplantation with concomitant infections with SARS-CoV-2, with rapid progression
to death due to Chagas disease and cytomegalovirus dissemination [19]. The third was a
brief report, which evaluated faecal calprotectin (FC) concentrations in 25 in-patients with
COVID-19 pneumonia without gastrointestinal symptoms. Of these, 21 patients showed
increased FC and a strong positive correlation between FC and D-dimer [20]. The fourth
was a viewpoint providing an overview of common and different findings for both malaria
and COVID-19, with possible mutual influences of one on the other, especially in countries
with limited resources [21]. The fifth was also a viewpoint providing an overview of the
potential impact of COVID-19 on TB programs and disease burden, as well as possible
strategies that could help to mitigate the impact [22]. The sixth was a case report involving
a patient with severe COVID-19, who was treated with a non-weight-based dosage of
tocilizumab to prevent the onset of a cytokine storm. It was concluded that tocilizumab
played a substantial role in his ability to avert clinical decline, particularly the need for
mechanical ventilation [23]. The last was a commentary that looked at the challenges faced
due to the pandemic, and the steps taken to protect the safety of trial participants and the
integrity of the trial in the STREAM Clinical Trial, which is the largest trial for MDR-TB [24].

The diversity of papers, the depth of the topics and the relative geographical reach of
the authors in this Special Issue confirm the continued collective major interest in COVID-19.
There are 223 contributors to the 22 papers published in this Special Issue, with affiliations
in Europe, Africa, North America, South America and Asia-Pacific. This wide-ranging
open access collection contributes to a much better understanding on the epidemiology,
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presentation, diagnosis, treatment, prevention and control of COVID-19. As the editors of
this Special Issue, we trust that you find the content useful, as the authors are pleased to
share their knowledge with an international audience.

We currently have another opportunity to update advances in this field through a
second Special Issue, “COVID-19: Current Status and Future Prospects”. We encourage
you to publish your work in, or propose a Special Issue for, Tropical Medicine and Infectious
Disease (https://www.mdpi.com/journal/tropicalmed).

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The Special Issue editors acknowledge all the contributors to this Special Issue.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organization. Country and Technical Guidance–Coronavirus Disease (COVID-19). Available online: https:
//www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance (accessed on 10 January 2022).

2. World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. Available online: https://covid19.who.int/
(accessed on 10 January 2022).

3. Bastola, A.; Shrestha, S.; Nepal, R.; Maharjan, K.; Shrestha, B.; Chalise, B.S.; Thapa, P.; Balla, P.; Sapkota, A.; Shah, P. Clinical
Mortality Review of COVID-19 Patients at Sukraraj Tropical and Infectious Disease Hospital, Nepal; A Retrospective Study. Trop.
Med. Infect. Dis. 2021, 6, 137. [CrossRef] [PubMed]

4. Ioannou, P.; Karakonstantis, S.; Mathioudaki, A.; Sourris, A.; Papakosta, V.; Panagopoulos, P.; Petrakis, V.; Papazoglou, D.;
Arvaniti, K.; Trakatelli, C.M.; et al. Knowledge and Perceptions about COVID-19 among Health Care Workers: Evidence from
COVID-19 Hospitals during the Second Pandemic Wave. Trop. Med. Infect. Dis. 2021, 6, 136. [CrossRef] [PubMed]

5. Alencar, C.H.; de Góes Cavalcanti, L.P.; de Almeida, M.M.; Barbosa, P.P.L.; de Sousa Cavalcante, K.K.; de Melo, D.N.; de
Brito Alves, B.C.F.; Heukelbach, J. High Effectiveness of SARS-CoV-2 Vaccines in Reducing COVID-19-Related Deaths in over
75-Year-Olds, Ceará State, Brazil. Trop. Med. Infect. Dis. 2021, 6, 129. [CrossRef] [PubMed]

6. Bastola, A.; Nepal, R.; Shrestha, B.; Maharjan, K.; Shrestha, S.; Chalise, B.S.; Neupane, J. Persistent Symptoms in Post-COVID-19
Patients Attending Follow-Up OPD at Sukraraj Tropical and Infectious Disease Hospital (STIDH), Kathmandu, Nepal. Trop. Med.
Infect. Dis. 2021, 6, 113. [CrossRef]

7. Thekkur, P.; Takarinda, K.C.; Timire, C.; Sandy, C.; Apollo, T.; Kumar, A.M.V.; Satyanarayana, S.; Shewade, H.D.; Khogali, M.;
Zachariah, R.; et al. Operational Research to Assess the Real-Time Impact of COVID-19 on TB and HIV Services: The Experience
and Response from Health Facilities in Harare, Zimbabwe. Trop. Med. Infect. Dis. 2021, 6, 94. [CrossRef]

8. Thekkur, P.; Tweya, H.; Phiri, S.; Mpunga, J.; Kalua, T.; Kumar, A.M.V.; Satyanarayana, S.; Shewade, H.D.; Khogali, M.;
Zachariah, R.; et al. Assessing the Impact of COVID-19 on TB and HIV Programme Services in Selected Health Facilities in
Lilongwe, Malawi: Operational Research in Real Time. Trop. Med. Infect. Dis. 2021, 6, 81. [CrossRef]

9. Mbithi, I.; Thekkur, P.; Chakaya, J.M.; Onyango, E.; Owiti, P.; Njeri, N.C.; Kumar, A.M.V.; Satyanarayana, S.; Shewade, H.D.;
Khogali, M.; et al. Assessing the Real-Time Impact of COVID-19 on TB and HIV Services: The Experience and Response from
Selected Health Facilities in Nairobi, Kenya. Trop. Med. Infect. Dis. 2021, 6, 74. [CrossRef]

10. Das, P.; Satter, S.M.; Ross, A.G.; Abdullah, Z.; Nazneen, A.; Sultana, R.; Rimi, N.A.; Chowdhury, K.; Alam, R.; Parveen, S.; et al. A
Case Series Describing the Recurrence of COVID-19 in Patients Who Recovered from Initial Illness in Bangladesh. Trop. Med.
Infect. Dis. 2021, 6, 41. [CrossRef]

11. Jochum, J.; Kreuels, B.; Tannich, E.; Huber, S.; zur Wiesch, J.S.; Schmiedel, S.; Ramharter, M.; Addo, M.M. Malaria in the Time of
COVID-19: Do Not Miss the Real Cause of Illness. Trop. Med. Infect. Dis. 2021, 6, 40. [CrossRef] [PubMed]

12. Agrupis, K.A.; Villanueva, A.M.G.; Sayo, A.R.; Lazaro, J.; Han, S.M.; Celis, A.C.; Suzuki, S.; Uichanco, A.C.; Sagurit, J.;
Solante, R.; et al. If Not COVID-19 What Is It? Analysis of COVID-19 versus Common Respiratory Viruses among Symptomatic
Health Care Workers in a Tertiary Infectious Disease Referral Hospital in Manila, Philippines. Trop. Med. Infect. Dis. 2021, 6, 39.
[CrossRef]

13. Ledda, C.; Carrasi, F.; Longombardo, M.T.; Paravizzini, G.; Rapisarda, V. SARS-CoV-2 Seroprevalence Post-First Wave among
Primary Care Physicians in Catania (Italy). Trop. Med. Infect. Dis. 2021, 6, 21. [CrossRef] [PubMed]

14. Zachariah, R.; Dar Berger, S.; Thekkur, P.; Khogali, M.; Davtyan, K.; Kumar, A.M.V.; Satyanarayana, S.; Moses, F.; Aslanyan, G.;
Aseffa, A.; et al. Investing in Operational Research Capacity Building for Front-Line Health Workers Strengthens Countries’
Resilience to Tackling the COVID-19 Pandemic. Trop. Med. Infect. Dis. 2020, 5, 118. [CrossRef] [PubMed]

3



Trop. Med. Infect. Dis. 2022, 7, 16

15. Mujica, G.; Sternberg, Z.; Solis, J.; Wand, T.; Carrasco, P.; Henao-Martínez, A.F.; Franco-Paredes, C. Defusing COVID-19: Lessons
Learned from a Century of Pandemics. Trop. Med. Infect. Dis. 2020, 5, 182. [CrossRef] [PubMed]

16. Alhumaid, S.; Al Mutair, A.; Al Alawi, Z.; Alhmeed, N.; Zaidi, A.R.Z.; Tobaiqy, M. Efficacy and Safety of Lopinavir/Ritonavir for
Treatment of COVID-19: A Systematic Review and Meta-Analysis. Trop. Med. Infect. Dis. 2020, 5, 180. [CrossRef] [PubMed]

17. Oyelade, T.; Alqahtani, J.; Canciani, G. Prognosis of COVID-19 in Patients with Liver and Kidney Diseases: An Early Systematic
Review and Meta-Analysis. Trop. Med. Infect. Dis. 2020, 5, 80. [CrossRef] [PubMed]

18. Harries, A.D.; Thekkur, P.; Mbithi, I.; Chakaya, J.M.; Tweya, H.; Takarinda, K.C.; Kumar, A.M.V.; Satyanarayana, S.; Berger, S.D.;
Rusen, I.D.; et al. Real-Time Operational Research: Case Studies from the Field of Tuberculosis and Lessons Learnt. Trop. Med.
Infect. Dis. 2021, 6, 97. [CrossRef]

19. Gozzi-Silva, S.C.; Benard, G.; Alberca, R.W.; Yendo, T.M.; Teixeira, F.M.E.; de Mendonça Oliveira, L.; Beserra, D.R.; Pietrobon, A.J.;
de Oliveira, E.A.; Branco, A.C.C.C.; et al. SARS-CoV-2 Infection and CMV Dissemination in Transplant Recipients as a Treatment
for Chagas Cardiomyopathy: A Case Report. Trop. Med. Infect. Dis. 2021, 6, 22. [CrossRef]

20. Giuffrè, M.; Di Bella, S.; Sambataro, G.; Zerbato, V.; Cavallaro, M.; Occhipinti, A.A.; Palermo, A.; Crescenzi, A.; Monica, F.;
Luzzati, R.; et al. COVID-19-Induced Thrombosis in Patients without Gastrointestinal Symptoms and Elevated Fecal Calprotectin:
Hypothesis Regarding Mechanism of Intestinal Damage Associated with COVID-19. Trop. Med. Infect. Dis. 2020, 5, 147. [CrossRef]

21. Di Gennaro, F.; Marotta, C.; Locantore, P.; Pizzol, D.; Putoto, G. Malaria and COVID-19: Common and Different Findings. Trop.
Med. Infect. Dis. 2020, 5, 141. [CrossRef]

22. Alene, K.A.; Wangdi, K.; Clements, A.C.A. Impact of the COVID-19 Pandemic on Tuberculosis Control: An Overview. Trop. Med.
Infect. Dis. 2020, 5, 123. [CrossRef]

23. Farooqi, F.; Dhawan, N.; Morgan, R.; Dinh, J.; Nedd, K.; Yatzkan, G. Treatment of Severe COVID-19 with Tocilizumab Mitigates
Cytokine Storm and Averts Mechanical Ventilation during Acute Respiratory Distress: A Case Report and Literature Review.
Trop. Med. Infect. Dis. 2020, 5, 112. [CrossRef] [PubMed]

24. Rusen, I.D. Challenges in Tuberculosis Clinical Trials in the Face of the COVID-19 Pandemic: A Sponsor’s Perspective. Trop. Med.
Infect. Dis. 2020, 5, 86. [CrossRef] [PubMed]

4



Tropical Medicine and 

Infectious Disease

Article

Clinical Mortality Review of COVID-19 Patients at Sukraraj
Tropical and Infectious Disease Hospital, Nepal;
A Retrospective Study

Anup Bastola 1, Sanjay Shrestha 2,*, Richa Nepal 2, Kijan Maharjan 2, Bikesh Shrestha 2, Bimal Sharma Chalise 2,

Pratistha Thapa 3, Pujan Balla 3, Alisha Sapkota 4 and Priyanka Shah 4

Citation: Bastola, A.; Shrestha, S.;

Nepal, R.; Maharjan, K.; Shrestha, B.;

Chalise, B.S.; Thapa, P.; Balla, P.;

Sapkota, A.; Shah, P. Clinical

Mortality Review of COVID-19

Patients at Sukraraj Tropical and

Infectious Disease Hospital, Nepal; A

Retrospective Study. Trop. Med. Infect.

Dis. 2021, 6, 137. https://doi.org/

10.3390/tropicalmed6030137

Academic Editors: Lucille Blumberg,

Peter A. Leggat and John Frean

Received: 18 June 2021

Accepted: 9 July 2021

Published: 19 July 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Tropical Medicine, Sukraraj Tropical and Infectious Disease Hospital, Kathmandu 44600, Nepal;
docanup11@gmail.com

2 Department of Internal Medicine, Sukraraj Tropical and Infectious Disease Hospital, Kathmandu 44600, Nepal;
nepaldeepika123@gmail.com (R.N.); kijan1069@gmail.com (K.M.); bkeshshrestha4@gmail.com (B.S.);
bschalise@gmail.com (B.S.C.)

3 Department of Anesthesiology, Sukraraj Tropical and Infectious Disease Hospital, Kathmandu 44600, Nepal;
prats.thapa@gmail.com (P.T.); pujanballa@gmail.com (P.B.)

4 Department of Internal Medicine, Nepal Medical College and Teaching Hospital, Kathmandu 44600, Nepal;
alishasapkota@gmail.com (A.S.); shahpriyanka543@gmail.com (P.S.)

* Correspondence: shrestha834@gmail.com; Tel.: +977-9851214949

Abstract: Coronavirus Disease 2019 (COVID-19) has challenged the health system worldwide,
including the low and middle income countries like Nepal. In view of the rising number of infections
and prediction of multiple waves of this disease, mortalities due to COVID-19 need to be critically
analyzed so that every possible effort could be made to prevent COVID-19 related mortalities in
future. Main aim of this research was to study about the mortalities due to COVID-19 at a tertiary
level hospital, in Nepal. This was a retrospective, observational study that included all inpatients
from Sukraraj Tropical and Infectious Disease Hospital, who were reverse transcriptase polymerase
chain reaction positive for SARS-COV-2 and died during hospital stay from January 2020 till January
2021. Medical records of the patients were evaluated. Out of 860 total admissions in a year, there
were 50 mortalities in the study center. Out of 50 mortalities, majority were males (76%) with male to
female ratio of 3.17:1. Most were above 65 years of age (72%) and had two or more comorbidities
(64%). The most common comorbidities among the patients who had died during hospital stay were
hypertension (58%) followed by diabetes mellitus (50%) and chronic obstructive airway disease (24%).
The median duration from the symptom onset to death was 18 days, ranged from the minimum of
2 days till maximum of 39 days. D-dimer was found to be >1 mg/L in 58% cases and ferritin was
>500 ng/ml in 42% patients at presentation. A total of 42% patients had thrombocytopenia, 80%
patients had lymphocytopenia and 60% had Neutrophil to Lymphocyte ratio >11.75 with the mean
NLR of 18.38. Of total mortalities, 16% patients also showed microbiological evidence of secondary
infection; Male gender, age more than 65 years, multiple comorbidities with lymphocytopenia,
elevated Neutrophil lymphocyte ratio and elevated inflammatory markers were risk factors found
in majority of mortalities in our study. These findings could be utilized for early triage and risk
assessment in COVID-19 patients so that aggressive treatment strategies could be employed at the
earliest to reduce mortalities due to COVID-19 in future.

Keywords: COVID-19; mortality; Nepal

1. Introduction

Cases of pneumonia with unknown cause emerged in Wuhan, China, in December
2019 [1]. Epidemic investigation and gene sequencing revealed that a novel corona virus
was the etiologic agent. The virus was tentatively named 2019-nCoV but officially named
severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) later by the Coronavirus
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Study Group of the International Committee on Taxonomy of Viruses and the disease
caused by this virus was named as COVID-19 by the World Health Organization [2,3].
Globally, as of 7 July 2021, there have been 184,324,026 confirmed cases of COVID-19,
including 3,992,680 deaths, reported to WHO [4].

It has been one year since Nepal reported its first COVID-19 patient. Sukraraj Tropical
and Infectious Disease Hospital (STIDH), the only central government infectious disease
hospital of Nepal, was the first to diagnose and treat the first-ever patient infected with
COVID-19 in the country [5]. As of 7 July 2021, there have been 650,162 confirmed cases
of COVID-19, including 9291 deaths accounting 1.42% of cases, reported to Ministry of
Health and Population, Nepal [6].

The demographics of inpatient mortalities in published studies show association with
different factors, such as age >60 years, male gender and multiple co-morbidities [7,8].
However, mortality data in Nepalese context is lacking. This study describes the demo-
graphic characteristics of COVID-19 mortalities in STIDH and observation of risk factors
that contributed to mortality. As a central tropical and infectious disease hospital in Nepal,
experiences of mortality at STIDH during this pandemic could help describe situational
awareness and guide interventional strategies and responses at community and national
levels, especially for low and middle income countries like Nepal.

2. Materials and Methods

2.1. Study Design and Participants

This was a retrospective, observational study that included all inpatients from Sukraraj
Tropical and Infectious Disease Hospital, who were reverse transcriptase polymerase chain
reaction positive for SARS-COV-2 and died during the study period from January 2020 to
January 2021.

Out of total 860 COVID-19 confirmed cases (reverse transcriptase polymerase chain
reaction positive for SARS-COV-2) admitted at STIDH during the study duration, there
were 50 mortalities, which were included in the study.

COVID-19 cases were categorized as asymptomatic or pre-symptomatic, mild, moder-
ate, severe and critical and were defined as follows [9]:

• Asymptomatic or pre-symptomatic infection: Individuals who test positive for SARS-
CoV-2 using a virologic test (i.e., a nucleic acid amplification test or an antigen test)
but who have no symptoms that are consistent with COVID-19.

• Mild illness: Individuals who have any of the various signs and symptoms of COVID-19
(e.g., fever, cough, sore throat, malaise, headache, muscle pain, nausea, vomiting,
diarrhea, loss of taste and smell) but who do not have shortness of breath, dyspnea, or
abnormal chest imaging.

• Moderate illness: Individuals who show evidence of lower respiratory disease during
clinical assessment or imaging and who have peripheral capillary saturation of oxygen
(SpO2) ≥ 94% on room air at sea level.

• Severe illness: Individuals who have SpO2 < 94% on room air at sea level, a ratio of
arterial partial pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2) < 300,
respiratory frequency >30 breaths/min, or lung infiltrates >50%.

• Critical illness: Individuals who have respiratory failure, septic shock and/or multiple
organ dysfunctions.

The study was approved by the Ethical Review Board of Nepal Health Research
Council prior to start of data collection (Reference number 169/2021P, date of approval—
21 March 2021) and permission was taken from the hospital director to include medical
records of the inpatients of STIDH. Since this was a retrospective study and the data were
analyzed anonymously, the requirement for taking consent was waived off by the ethical
review board.
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2.2. Ethics and Data Collection

Demographic, clinical, laboratory, treatment and outcome data were extracted from
medical records using a data collection form. Two experienced clinicians reviewed and
abstracted the data. Data were entered into a computerized database and cross-checked.

2.3. Statistical Analysis

Statistical analyses were done using IBM Statistical Packages for Social Sciences
(SPSS), version 20.0 (IBM Corp., IBM SPSS Statistics for Windows, Armonk, NY, USA).
Continuous variables were directly expressed as median and interquartile range (IQR)
values. Categorical variables were expressed as numbers and percentages (%). Pearson
Chi-Square test and Fisher’s exact test were used as appropriate, based on the distribution
and p-values were tabulated with a level of significance set at <0.05.

3. Results

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

3.1. Clinical Characteristics of Total Patients Admitted in STIDH

Out of total 860 COVID-19 patients admitted over the period of one year, 628 (73%)
were males and 232 (27%) were females with the male to female ratio of 2.7:1. A total of 439
(51%) patients were ≤45 years, 165 (19.2%) were from age group 46–55 years, 103 (12.0%)
were from age group 56–65 years, 83 (9.7%) were from age group 66–75 years and 70 (8.1%)
patients were more than 75 years of age. Age and gender wise distribution of total admitted
patients has been represented in Figure 1.

 

Figure 1. Age and Gender wise distribution of total COVID-19 patients admitted in STIDH (N = 860).

Out of total admitted patients, the majority (44.3%) had severe COVID-19, 16.7% had
moderate COVID-19 and remaining 39% had mild COVID-19 (Figure 2).
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Figure 2. Distribution of total patients admitted in STIDH by severity of COVID-19 (N = 860).

Among 860 patients admitted in our facility, 50 (5.8%) patients had died whereas
25 (2.9%) patients had to be referred to other center either due to the need of mechanical
ventilation which could not be made available to few patients at our center during the
peak of pandemic or due to the need of multispecialty care which included dialysis or
concomitant surgical care (Figure 3).

 

Figure 3. Outcome of total patients admitted in STIDH (N = 860).

3.2. Clinical Characteristics of the Mortalities in STIDH
3.2.1. Baseline Characteristics

Among 50 deaths recorded, 38 (76%) were males and 12 (24%) were females, with male
to female ratio of 3.17:1. The median age was 72.5 years, ranging from 36 to 95 years. Most
(21/50, 42%) patients were of the age group ≥76 years, followed by 66–75 years (15/50,
30%). Distribution of total mortalities by gender and age groups are shown in Figure 4.
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Figure 4. Age and gender wise distribution of mortalities in STIDH (n = 50).

41 patients (82%) who died of COVID-19 had underlying disease, the most common
of which was hypertension (29/50, 58%), followed by diabetes (25/50, 50%), chronic
obstructive pulmonary disease (12/50, 24%), obesity (9/50, 18%), heart disease (7/50, 14%),
asthma (3/50, 6%), neoplastic disease (2/50, 4%) (One had carcinoma of gall bladder and
the other had multiple myeloma) and chronic kidney disease (1/50, 2%) (Figure 5). A total
of 33 (66%) patients who died during hospital stay had multiple (two or more than two)
co-morbidities in our study.

 

Figure 5. Distribution of co-morbidities among mortalities in STIDH (n = 50).

Multiple comorbidities (2 or more) were likely to be present in patients with increasing
age with statistically significant association (Table 1).
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Table 1. Age wise distribution of comorbidities among mortalities in STIDH (n = 50).

Age Group
Multiple (2 or More) Comorbidities

Total p-Value
Absent (n) Present (n)

≤45 5 1 6

0.001

46–55 1 0 1

56–65 5 2 7

66–75 4 11 15

>75 2 19 21

Total 17 33 50

The presence of multiple comorbidities, however, did not seem to have a significant
association with sex (Table 2).

Table 2. Sex wise distribution of multiple comorbidities among mortalities in STIDH (n = 50).

Sex
Multiple (2 or More) Comorbidities

Total p-Value
Absent (n) Present (n)

Female 3 9 12

0.510Male 14 24 38

Total 17 33 50

3.2.2. Clinical Presentation

The median duration of symptoms prior to admission was 5 days, ranging from
1–20 days. The median duration of hospital stay was 10.5 days, ranging from 1–35 days.
The median duration from the first symptom to death was 18 days, ranging from 2–39 days.
For male patients, the median duration from the first symptom to death was 18.5 days and
for female patients was 13.5 days. Most of the patients presented as severe disease (47/50,
94%), rest (3/50, 6%) presented as moderate disease and later progressed. Shortness of
breath was the most common reported symptom among patients who eventually died
(46/50, 92%), followed by cough (42/50, 84%), fever (37/50, 74%), body ache (13/37, 26%),
headache (9/50, 18%) and diarrhea (2/50, 4%), as represented in Figure 6.

 

Figure 6. Distribution of symptoms at presentation among mortalities at STIDH (n = 50).
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3.2.3. Biomarkers and Hematological Variables

C-reactive protein was positive in 42/50 (84%) cases. D-dimer was found to be
>1 mg/L in 29/50 (58%) cases and ferritin was >500 ng/ml in 21/50 (42%) patients at
presentation. A total of 14 patients had repeated D-dimer measurements, which showed
increase in the level of D- dimer. A total of 23/50 (46%) patients were anemic with the
mean hemoglobin level being 12.85 g/dL, ranging from 9.6 to 18.4 g/dL. A total of 21/50
(42%) patients had thrombocytopenia, while 4/50 (8%) had thrombocytosis at presentation.
A total of 25/50 (50%) had normal platelet count. Of 21 patients with thrombocytopenia,
10 had moderate and 11 had mild thrombocytopenia. A total of 40/50 (80%) patients had
lymphocytopenia (absolute lymphocyte count <1000 cells/μL) at presentation (Figure 7).
Neutrophil to lymphocyte ratio was >11.75 in 30/50 (60%) patients, with the mean NLR
being 18.38, ranged from 1.52 to 98. A total of 10/50 (20%) patients had renal impairment
and 4/50 (8%) had transaminitis at presentation. A total of 29/50 (58%) developed acute
kidney injury during hospital stay, while 10/50 (20%) developed hepatic impairment.

 

Figure 7. Distribution by hematological picture of the mortalities in STIDH (n = 50).

3.2.4. Microbiology

A total of 8/50 (16%) patients showed microbiological evidence of secondary infection,
6/50 (12%) patients had sputum culture positive for organisms and 2/50(4%) had urine
culture positivity. Klebsiella pneumoniae was the predominant organism in sputum culture
(5/6, 83.3%) followed by Escherichia coli (1/6, 16.7%). A total of 2/50 (4%) patients had
urine culture positive for E. coli.

3.2.5. Treatment

The antiviral drug remdesivir was used in 41/50 (82%) patients, while convalescent
plasma transfusions were used in 17/50 (34%) patients (Figure 8). A total of 6/41 (14.6%)
patients received remdesivir for 10 days, 27/41 (65.9%) received for 5 days. One patient
received for 4 days, while 2 received for 3, 2 for 2 days and 2 for 1 day. Some died
before completion of therapy and in some patients; the drug was stopped prematurely
when they developed significant hepatic or renal impairment limiting the use of drug.
A total of 31/50(62%) patients received therapeutic anticoagulation with low molecular
weight heparin (LMWH), whereas 19/50 (38%) patients had only received prophylactic
anticoagulation with heparin. The highest level of oxygen delivery device used in most
patients was non-invasive ventilation in 40/50 (80%) patients. Invasive ventilation was only
used in 7/50 (14%) patients, followed by the use of reservoir mask in 2/50 (4%) patients
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and High Flow Nasal Cannula (HFNC) in 1/50 (2%) patient. The reason for inability
to escalate respiratory support to invasive mechanical ventilation was due to the do not
resuscitate status of patients as per the wishes of patient’s party after knowing about grave
prognosis and also due to logistic issues at our center.

 

Figure 8. Treatment according to the gender of patients who died.

3.2.6. Cause of Death

A total of 40/50 (80%) deaths were due to type 1 respiratory failure, while 7/50 (14%)
died of septic shock and 3/50 (6%) died of multiple organ dysfunction syndrome. The
contributory cause was AKI in 20/50 (40%) patients and sepsis in 5/50 (10%) patients.

4. Discussion

This study represents a review of the COVID-19 deaths at Sukraraj Tropical and Infec-
tious Disease Hospital during the first wave of coronavirus pandemic in Nepal from early
2020 till early 2021. Patients with underlying diseases and age over 65 years made up the
majority of deaths, similar to demographics of COVID-19 deaths from other studies [10–13].
Du et al. performed a single center prospective cohort study to investigate the possible risk
factors associated with the poorest clinical outcome (dying from COVID-19 pneumonia)
and reported that age ≥65 years to be one of the predictors for mortality in COVID-19 [10].
The current study also suggested that old age was associated with deaths in patients with
COVID-19. Age as a determinant for prognosis could be due to poor health and associated
comorbidities. This signifies the need for aggressive monitoring and intensive treatment
strategies to be employed at the earliest to limit deaths in older age population. Further,
prophylactic treatments in anticipation of the disease in the elderly could involve natural
repetitive stimulations of the heat shock response in the whole body through controlled
intense physical exercise, sauna therapies and the regular maintenance of calorie-restricted
diets containing minimal amounts of saturated lipids and cholesterol [14].

Recent studies revealed lymphocytopenia as an important characteristic of SARS-
CoV-2 infection, especially in critically ill and deceased patients [11,12]. Huang et al. and
Wang et al. showed an association between lymphocytopenia and need of intensive care
unit [1,13]. Similarly, Wu et al. showed an association between lymphocytopenia and
acute respiratory distress syndrome (ARDS) development [15]. In Singapore, Fan et al.
found that patients requiring ICU support had significantly lower lymphocyte levels at
baseline [16]. Similar to these studies, our study also showed that the majority (80%) of
patients who died had lymphocytopenia at presentation. Thus, lymphocytopenia can be
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taken as one of the severity markers of COVID-19 and we need to be vigilant in patients
presenting with lymphocytopenia.

A meta-analysis of nine studies suggested that thrombocytopenia is significantly
associated with the severity of COVID-19 disease; a more sizeable drop in platelet counts
was noted especially in non-survivors [17]. In our study, significant proportion (42%) of
cases that died had thrombocytopenia at presentation. A systematic review and meta-
analysis by Li et al. concluded that NLR has significant predictive value for disease severity
and mortality in patients with COVID-19 infection [18]. Similarly, Liu Y et al. showed that
NLR is an independent risk factor of the in-hospital mortality for COVID-19 patients [19].
A retrospective cross-sectional study done by Yan et al. showed that NLR more than 11.75
was significantly correlated with all-cause in-hospital mortality [20]. In our study, the
majority of patients who died presented with NLR > 11.75. NLR evaluation can help
clinicians identify potentially severe cases early, conduct early triage and initiate aggressive
management at the earliest, which may reduce the overall mortality of COVID-19.

A retrospective, multi-center cohort study from Jinyintan Hospital and Wuhan Pul-
monary Hospital (Wuhan, China) showed that older age, D-dimer levels greater than
1 μg/mL and higher SOFA score on admission were associated with higher odds of in-
hospital death [21]. A meta-analysis done by Huang et al. also suggested that elevated
serum C-reactive protein, procalcitonin, D-dimer and ferritin were associated with poor
outcome in COVID-19. It showed that a D-dimer >0.5 mg/dL had 58% sensitivity and 69%
specificity for severe disease [22]. In a retrospective study by Tang et al. encompassing data
from 183 consecutive patients with COVID-19, non-survivors had significantly higher D-
dimer (p < 0.05), fibrin degradation product (FDP) levels (p < 0.05), prolonged PT (p < 0.05)
and APTT (p < 0.05) compared with survivors at initial evaluation [23]. In a multicenter
retrospective cohort study from China by Wu et al, increased D-dimer levels (>1 μg/mL)
were significantly associated with in-hospital death in the multivariable analysis [15]. Simi-
larly, the same study also showed that higher serum ferritin was associated with ARDS
development. Zhou et al. also supported an association between higher serum ferritin
levels and death [21]. D-dimer was high (>1.0 mg/L) in 58% of our patients and high
ferritin levels (>500 ng/ml) were present in 42% patients who had died at our center during
the study duration. Follow-up D-dimer estimation in 14 patients showed increased levels.
Thus, we conclude that the D-dimer dynamics can reflect the severity of disease and their
increased levels are associated with adverse outcomes among patients with COVID-19.

Our study has some limitations. Since this was a single centered study, the results
cannot be generalized. Secondly, being a retrospective study, laboratory tests of all the
patients were not available, including quantitative CRP measurements, D-dimer and serum
ferritin levels. Therefore, their role might have been underestimated in predicting the in-
hospital deaths. Thirdly, some patients were transferred late in their illness to our hospital.
Lack of early interventions and inadequate adherence to standard supportive therapy,
might have also contributed to the poor clinical outcome in some patients. Fourthly, a
significant number of critical patients were referred to centers due to multiple reasons.
Follow up and outcome of those patients were not included in this study. Furthermore,
data related to thromboembolism, which is a significant cause of COVID-19 related death,
could not be investigated due to logistic limitation.

5. Conclusions

In summary, most of the COVID-19 deaths in our study were of older age, male
gender and had multiple comorbidities. Hematologically, lymphocytopenia and increased
neutrophil to lymphocyte ratio were found in the COVID-19 mortalities. Similarly, elevated
D-dimer and ferritin at admission were risk factors for death of adult patients with COVID-
19. Evaluation of these factors during admission might help us for risk assessment and
early triage of potential severe COVID-19 cases so that every possible effort can be made
for the prompt management of COVID-19 and avoidance of deaths.
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Abstract: Health care workers (HCWs) face a higher risk of infection, since they work at the front line
of COVID-19 patients’ management. Misinterpretations of current scientific evidence among HCWs
may impact the delivery of appropriate care to COVID-19 patients and increase the risk of SARS-
CoV-2 transmission in the hospital setting. Moreover, knowledge may affect HCWs perceptions
depending on their broad beliefs and past experiences. The aim of this study was to explore
the knowledge and perceptions of HCWs regarding COVID-19 issues during the second wave of
the pandemic. A cross-sectional survey, involving a printed questionnaire, was conducted from
21 October 2020 to 31 January 2021 in four tertiary care hospitals located at four distant geographical
regions in Greece. In total, 294 HCWs participated in this study. The majority of HCWs provided
precise responses regarding general knowledge, perceptions, and practices concerning the COVID-19
pandemic. However, responses on hand hygiene and antimicrobial use in HCWs with COVID-19
were mistaken. This study reveals a certain degree of misconceptions and knowledge gaps in HCWs
everyday practice, especially regarding hand hygiene and antimicrobial use in COVID-19 patients.

Keywords: COVID-19; SARS-CoV-2; healthcare workers; attitudes; perceptions; knowledge

1. Introduction

Coronavirus-disease-19 (COVID-19), the disease caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) has evolved into a pandemic with tremendous
effects on public health, world economy, and quality of life of every individual [1]. The
disease spreads from human to human primarily through droplet and direct contact and has
an incubation period of 2 to 14 days [2]. Health care workers (HCWs) are in the front line of
COVID-19 patients’ management, thus, they are facing constantly higher risk of infection
than the wider community [3]. On the other hand, COVID-19 has affected quality of life,
psychological condition, and training of HCWs, as shown in recent studies [4–7]. Several
recommendations have been published from national and international societies, such as

Trop. Med. Infect. Dis. 2021, 6, 136. https://doi.org/10.3390/tropicalmed6030136 https://www.mdpi.com/journal/tropicalmed

17



Trop. Med. Infect. Dis. 2021, 6, 136

the World Health Organization (WHO) regarding the prevention and control of COVID-19
for HCWs [8]. However, misunderstandings among HCWs may negatively impact the
delivery of appropriate care to COVID-19 patients and increase the risk of transmission of
the virus. Additionally, knowledge gaps may affect the perceptions of HCWs, certainly
depending on their beliefs and past experiences [9,10]. Except of few studies performed
during the first wave of the pandemic, the level and quality of knowledge and the global
perceptions of HCWs regarding COVID-19 have not been extensively studied [11].

The aim of the study was to explore the knowledge and perceptions of HCWs in
COVID-19 tertiary hospitals of distal geographical regions in Greece regarding COVID-19
issues during the second wave of the pandemic. In addition, we aimed to explore the
beliefs and practices of HCWs concerning personal protection equipment matters.

2. Materials and Methods

2.1. Study Design

This is a cross-sectional survey conducted from 21 October 2020 to 31 January 2021
in four tertiary care COVID-19 hospitals in four metropolitan areas in Greece. All HCWs
were eligible to participate.

A printed questionnaire was developed by a team of infectious disease specialists,
fellows, and internists. It consisted of 36 items, including close-ended, multiple choice,
and Likert-scale questions, divided as follows: 6 on demographics and practice-related
information, 4 regarding knowledge on COVID-19, 7 regarding personal beliefs on COVID-
19, 7 regarding infection control measures, 3 regarding daily practice for COVID-19 patients
and issues, 2 regarding COVID-19 vaccination, and 7 regarding medical evidence on
COVID-19. The questionnaire is available as Supplementary Material.

2.2. Participation and Ethical Approval

Participation was voluntary, anonymous, and without compensation. Invitation to
participate was through direct contact with a study investigator. Informed consent was
distributed concomitantly with the questionnaire. The study was approved by the Ethical
Committee of the University Hospital of Heraklion.

2.3. Statistics

Descriptive statistics were performed with GraphPad Prism 6.0 (GraphPad Software,
Inc., San Diego, CA, USA). Qualitative data were presented as counts and percentages.
Continuous variables (age) were initially assessed for normality with the D’Agostino and
Pearson omnibus normality test and were then presented as means with standard deviation,
as they were normally distributed. Statistical analysis of quantitative data was performed
through contingency analysis with chi-square test, while, a p < 0.05 was considered to be
statistically significant.

3. Results

In total, 294 HCWs participated in this study. Among them, 164 (55.8%) were nurses,
114 (38.8%) medical doctors (MDs), 14 (4.8%) paramedical staff, 1 (0.3%) employee of the
technical service, and 1 (0.3%) participant did not report his profession. Median age was
42 years (interquartile range: 22 to 66 years), and 103 (35%) of the participants were male.
Participants’ characteristics are shown in Table 1. The questionnaire used in this study is
shown in Document S1.

In terms of the source of participants’ information, 171 (69%) responded that the
main information sources were academic journals and specialized COVID-19 websites,
while 40 (16.1%) stated that their main source of information were the media. When asked
about the causative agent of COVID-19, 291 (99.3%) participants stated that it is a virus.
Regarding the origin of the causative agent of COVID-19, 199 (70.1%) stated it is a virus
that occurred as a result of natural mutation in China, however, 76 (26.8%) answered it is
a virus that was created in a Chinese laboratory. In terms of transmission, 210 (75.3%) of
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the responders believe COVID-19 is transmitted through aerosol, while 62 (22.2%) believe
it is transmitted through droplets. When asked about the most common symptoms of
COVID-19, most HCWs (252 (92.3%)) replied the disease causes fever and respiratory
symptoms (Figure 1).

Figure 1. Knowledge of healthcare workers on COVID-19.

Among the participants HCWs, 104 (35.5%) believe the preparedness of their hospital
is high, 52 (17.7%) believe it is very high, while 91 (31.1%) believe it is adequate. The
majority of the responders were not significantly afraid of developing COVID-19, 97 (33.1%)
and 84 (28.7%) HCWs were moderately or slightly afraid, respectively, while the rates of fear
of having a close relative developing COVID-19 were 91 (31%) and 66 (22.4%), respectively.
The majority of the HCWs was slightly satisfied from the personal protective equipment
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provided from their hospital, whereas, 89 (30.3%) and 79 (26.9%) were moderately and
significantly satisfied, respectively (Figure 2).

Table 1. Participants’ characteristics. NR: not reported; SD: standard deviation.

Characteristic Value

Gender (male), n (%) 103 (35)

Age, mean (SD) 41.8 (8.6)

HCW category

Nurse, n (%) 164 (55.8)

Medical Doctor, n (%) 114 (38.8)

Paramedical, n (%) 14 (4.8)

Technical staff, n (%) 1 (0.3)

NR, n (%) 1 (0.3)

Figure 2. Personal perceptions regarding COVID-19 and hand-wash practices of healthcare workers.
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The vast majority (222, 76%) of the participants stated they always perform hand
hygiene after contact with a patient, regardless of COVID-19 suspicion. On the other hand,
114 (40.7%) HCWs stated they do not always perform hand hygiene after contacting a
surface or equipment in their workplace (Figure 2).

Regarding knowledge on disinfection and room ventilation guidance, 246 (85.4%)
responded correctly regarding the reduction in infectivity in a room with active ventilation
system, while 214 (74%) responded correctly regarding the reduction in infectivity by purely
fresh air ventilation. When questioned on how much aeration of closed spaces contributes
to prevention of SARS-CoV-2 hospital spread, 146 (49.7%) and 88 (29.9%) thought they
contribute extremely, and significantly, respectively. When asked about the most effective
method of HCWs protection against COVID-19, 149 (84.7%) answered the combination
of appropriate use of surgical mask and appropriate application of hand hygiene yielded
the maximum protection. Twelve responders (6.8%) believed that use of higher-protection
masks (FFP2/FFP3) is most important (Figure 3).

Regarding the knowledge on hand washing 80 (47.9%) HCWs responded correctly for
the appropriate practice. Notably, 46 (27.5%) responders stated that hands should only be
washed when visibly dirty, and an alcoholic antiseptic solution should be used in other
instances. Thirty six (21.6%) HCWs stated that hand hygiene with alcoholic antiseptics
should be used in every occasion instead of hand washing. In total, 216 (73.5%) HCWs
answered they know the five steps of hand hygiene and they applied them all whenever
indicated, while 47 (16%) stated they know them but do not always perform them due to
lack of time during their daily shifts. Female HCWs replied more often that they knew the
five steps and that they always applied them compared to men. HCWs stated they were
performing aerosol-producing activities in patients with possible COVID-19, 62 (32.3%)
among them stated they are performing such acts with adequate preventive measures, 38
(19.8%) were performing such acts and were, also, trying to avoid them, while 49 (25.5%)
were trying to avoid them most of the times (Figure 3).

When asked on the duration of isolation before returning to work in the case of
COVID-19 acquisition (provided no immunosuppression and not working in a department
with high-risk patients), 106 (36.6%) responded that the isolation should be 7 days, while
102 (35.2%) responded that it should be 14 days. A total of 75 (25.9%) HCWs mentioned
that they were not aware, but they would consult the Hospital Infection Control Committee
or the Greek National Public Health Organization. More female HCWs responded that it
should be 14 days, or that they should contact the Hospital Infection Control Committee or
the Greek National Public Health Organization compared to men.

When asked regarding their actions after close contact with an asymptomatic COVID-
19 patient (both wearing surgical masks), 115 (40.5%) responded they would consult the
Hospital Infection Control Committee or the Greek National Public Health Organization,
113 (39.8%) would stay at work with appropriate personal protection equipment and
14 days maintenance of high level awareness for the development of any COVID-19 symp-
toms and 43 (15.1%) responded they should be isolated for 14 days along with maintaining
high level 14 days awareness for the development of any COVID-19 symptoms. When
asked about their intention to be vaccinated against SARS-CoV-2, 208 (71.2%) responded
positively, 65 (22.3%) responded that they had not decided so far, and 19 (6.5%) responded
negatively. Regarding the perceptions of the HCWs on flu vaccination, 135 (47.5%) replied
it only protects from flu, 31 (10.8%) replied it also protects against COVID-19, 88 (31%)
replied it should be compulsory for all HCWs, and22 (7.7%) replied it should be compulsory
for the whole population (Figure 4).
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Figure 3. Healthcare workers’ opinions on aeration and hand-hygiene practices.
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Figure 4. Healthcare workers’ opinions regarding isolation and vaccination.

Among physicians, 98/114 (86%) stated their specialty, and the most common special-
ties were internal medicine, surgery, pulmonary medicine, and hematology in 18 (18.4%),
15 (15.3%), 11 (11.2%) and 9 (9.2%), respectively (Table S1). Overall, 50 (51.5%) physicians
were attendings or consultants, and 47 (48.5%) were residents. Clinical experience was less
than 5 years in 45 (44.6%), 5–10 years, and >10 years in 28 (27.7%) each. When asked about
the most appropriate testing for COVID-19 diagnosis, 91 (92.9%) considered rhinopharyn-
geal RT-PCR as the most sensitive test, while 6 (6.1%) replied oropharyngeal RT-PCR is the
most sensitive. Female HCWs were more likely to respond that oropharyngeal RT-PCR
was the most sensitive. When asked about whether antimicrobials are a first line treatment
for COVID-19 patients, 85 (86.7%) replied negatively and 11 (11.2%) positively. Among
physicians that replied to the question whether there are specific criteria for antimicrobial
prescription in COVID-19 patients, 79 (80.6%) replied positively, 9 (9.2%) negatively, and 10
(10.2%) replied they did not know. When asked regarding the most appropriate indication
for starting antimicrobial treatment in COVID-19 patients, 57 (59.4%) replied all of the fol-
lowing are useful: procalcitonin measurement, PCR for respiratory pathogens, sputum and
blood cultures, chest X-ray, and computerized tomography. Among physicians, 35 (36.1%)
replied they did know what percentage of COVID-19 patients presents with co-infection
by other pathogens, while 33 (34%) and 26 (28.8%), respectively, answered the percentage
is 1–10% and 30–50%, respectively.

Regarding the termination of isolation for mildly symptomatic COVID-19 patients,
53 (53.5%) replied isolation should be terminated after 14 days after symptoms’ initiation
(along with 3 days of defervescence), while 25 (25.3%) replied isolation should be termi-
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nated 10 days post symptoms’ initiation (along with 3 days of defervescence). When asked
on the isolation period for asymptomatic patients, 60 (61.2%) replied isolation should be
terminated after 14 days after the first positive test, while 30 (30.6%) said that isolation
should be terminated after 10 days after the first positive test (Figure 5).

Figure 5. Medical doctors’ opinions and knowledge regarding antimicrobial use and isolation.
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A sub-analysis of the responses was performed in order to compare the knowledge,
perceptions and attitudes among physicians and non-physicians, and revealed several
differences in the responses of most of the provided questions. Physicians were more
likely to be informed from specialized websites and medical journals, were more likely
to believe that the virus evolved from a natural mutation of another virus in China, they
were more likely to respond correctly to the questions on disinfection, they were less afraid
being infected by the virus in their workspace, they were less satisfied from the protective
equipment of their hospital, they were more likely to wash their hands after contact with
a surface or equipment in their workplace, they were more likely to know the five steps
of hand hygiene, while, on the other hand, they were more knowledgeable regarding
COVID-19 symptoms and isolation guidelines. Finally, physicians had a higher intention
to be vaccinated when a vaccine was available. Another sub-analysis of the data in regards
to the hospital revealed that HCWs from the University Hospital of Heraklion and the
General Hospital Papageorgiou of Thessaloniki were slightly less afraid of being infected,
or of contracting the virus, compared to their relatives.

4. Discussion

The present study examines the perceptions, attitudes, and practices of healthcare
workers related to the COVID-19 pandemic in four major COVID-19 hospitals in Greece.
The study reveals some misconceptions and knowledge gaps in everyday practice that
allow for further improvement, especially in terms of hand hygiene and antimicrobial use
in COVID-19 patients.

In the fight against infectious diseases, knowledge, attitudes, and practices towards
these diseases can be very important, since they can affect the extent of their spread, the
severity of the disease, as well as, the overall mortality rates [11–13]. Thus, it is important
to evaluate the knowledge, perceptions, and practices of HCWs during a pandemic, in
order to recognize early any misconceptions in HCWs and elaborate targeted educational
initiatives and preventive interventions [14].

Female participants were twice as male participants in this study sample, while,
most participants were nurses, followed by physicians. The majority of the participants
had chosen scientific websites and medical journals as their main source of information
regarding COVID-19, with media being the second most prevalent source. Knowledge
regarding the causal pathogen, transmissibility, and COVID-19 symptoms was adequate,
with most participants replying correctly to the questions. Compared to other studies
evaluating the knowledge and perceptions of HCWs on COVID-19 that were performed
earlier during the pandemic, our study shows superior overall knowledge of COVID-19
transmissibility and symptoms [11,15]. Similarly to our results, a recent study that was
performed in Turkey, showed adequate knowledge and correct perceptions among HCWs
on COVID-19 matters in the hospital setting [16].

Interestingly, a significant proportion of HCWs doubts about the preparedness of their
hospital to face COVID-19 second wave, while another significant proportion is afraid
about the possibility of contracting the virus and spreading the disease to their family. This
is a very important finding, since anxiety and fear of acquiring COVID-19 may affect the
level of provided healthcare and contribute to reduced willingness of HCWs to accept new
admissions, even though their fear was associated with appropriate infection prevention
practices [17]. Furthermore, fear and anxiety, in conjunction to long working hours due
to increasing demands during the COVID-19 pandemic may lead to the development of
mental disorders in HCWs, such as depression, suggesting that psychosocial interventions
could be developed in order to support the staff [18]. We found significant compliance to
infection control measures, especially in terms of hand hygiene after contact with patients,
irrespective of their COVID-19 status. On the other hand, hand hygiene was not adequately
performed after a contact with the patient’s surrounding environment. Misconceptions
regarding the proper use of antiseptic solutions and indications for hand washing were
observed in a small proportion of HCWs. This could serve as alarming issue and guide
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the Hospital Infection Control Committees of the participating hospitals to enhanced
educational programs during the pandemic. The knowledge of HCWs regarding the
hospital aeration was adequate.

Knowledge regarding isolation after exposure to a COVID-19 patient was inadequate
and diverged between HCWs of the same hospital and between the participating hospitals.
Interestingly, the expressed willingness for COVID-19 vaccination was around 71%, in
accordance with other European studies [19,20], but was higher compared to other studies
performed in healthcare professionals, that show a willingness for vaccination of about
50% [21].

Physicians, even though aware of criteria for antimicrobial prescription in COVID-19
patients, overestimated the percentage of COVID-19 patients with bacterial co-infection.
As previously shown, only a minority of physicians recognized that co-infections at the
time of COVID-19 diagnosis are evident in less than 10% of patients [22,23]. This could
help initiate educational efforts towards antimicrobial stewardship in the pandemic era.
Additionally, physicians provided diverse responses regarding the isolation guidance for
patients tested positive for COVID-19, either with or without symptoms, which represents
a need for focused actions towards better education, based on the local guidelines by the
National Public Health Organization.

There were slight differences in the responses of male and female HCWs, with female
HCWs more often stating that they know and always apply the five steps of hand hygiene,
slightly more often responding that oropharyngeal RT-PCR is the most reliable means
of COVID-19 diagnosis, and by supporting in a higher proportion that isolation period
for HCWs exposed to SARS-CoV-2 is 14 days, or that they would consult the hospital
infection control group or the Greek National Public Health Organization in the case of
such exposure. This is partially in line with the literature, where female gender is associated
with better hand-washing practices during the COVID-19 pandemic [24–26].

Responses from HCWs from different hospitals differed slightly, with the most obvi-
ous difference being the significantly, less fear noted in HCWs working in the University
Hospital of Heraklion and the General Hospital Papageorgiou, Thessaloniki regarding the
possibility of suffering from COVID-19, or contracting it to their relatives. This, suggests
that, in general, there are no important specific local factors affecting knowledge and
perceptions regarding COVID-19 infection, as most responses did not differ significantly.
However, different levels of preparedness of different hospitals, factors regarding epidemi-
ology and geographic distribution of COVID-19 cases in Greece or other factors may have
influenced the perceived fear by HCWs of being infected by SARS-CoV-2. Thus, in areas
with higher burden of COVID-19 cases, and lower preparedness due to financial or political
reasons, perceived fear of exposure to SARS-CoV-2 may be higher. This suggests that
targeted interventions to hospitals with higher burden of COVID-19 could positively affect
the psychology and perceptions of HCWs, leading to improvement of their well-being,
and, as a consequence, to an improvement in the healthcare provided. To that end, this
study shows that centrally controlled initiatives (for example, directed from the Ministry
of Health or the Greek National Public Health Organization) involving questionnaires like
the one used in the present study, or audits, could help identify gaps in knowledge and
practice of HCWs during the pandemic both in general, as well as more specific gaps that
have to do with specific areas and hospitals. This more individualized approach could
allow for interventions, such as educational activities towards the groups that require them
the most, in order to improve infection control practices and increase knowledge regarding
COVID-19. Interestingly, the less fear of being infected by SARS-CoV-2 in the hospitals of
Heraklion and Thessaloniki does not correlate to the local trends of the pandemic, since,
the second wave of the pandemic (during which, this study was performed), involved the
northern part of Greece, including Thessaloniki [27–29].

Physicians were found in this study to be more knowledgeable regarding COVID-19,
disinfection and hand-washing practices. On the other hand, they were less satisfied with
the protective equipment provided by their hospital, but were also less afraid of being
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infected by the virus. This shows that not all HCWs share the same beliefs, or knowledge
regarding COVID-19, as their education regarding healthcare in general, and COVID-19 in
particular, differs. This also underlies the need for an individualized approach towards
targeted interventions in order to increase awareness regarding COVID-19 and infection
control practices (such as hand hygiene and disinfection). Furthermore, the increased
willingness of physicians to be vaccinated suggests, as probably expected, that approval of
vaccination will vary depending on the social status, the profession and other factors. This
suggests that, in order to increase the approval of vaccination, HCWs and the society in
general should be approached also in a structured and individualized manner, through
political decisions regarding educational interventions in the workplace, media coverage,
and maybe societal benefits for vaccinated individuals [30–32].

This study has limitations that should be mentioned. First, the exact number of
persons asked to participate in the study could not have been recorded due to the nature of
the questionnaire (paper-based), even though, it is estimated that the response rate was
about 50% which is close to the rate noted in other studies [33,34]. Second, this is a study
conducted in four tertiary COVID-19 hospitals, and the results cannot be generalized until
additional data are collected from multiple hospital settings in other countries. Finally,
the questionnaire reflects the perceptions, attitudes, and knowledge at the specific time
period the study was conducted, as such, one cannot predict what the perceptions and
attitudes of the HCWs would be in other instances, for example in times of COVID-19
vaccination generalization or in countries not experiencing a pandemic wave as the one we
were experiencing in Greece at the time the study was performed.

5. Conclusions

To conclude, this study presented the perceptions, attitudes and practices of healthcare
workers related to the COVID-19 pandemic in four COVID-19 Greek hospitals. HCWs were
adequately knowledgeable regarding COVID-19 and infection control measures. Certain
misconceptions and knowledge gaps in everyday practice were revealed which could
promote future interventions, especially in terms of repeated education on hand hygiene
and antimicrobial use in COVID-19 patients.
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Abstract: In Brazil, the SARS-CoV-2 vaccination program has so far prioritized people over 75 years
of age. By the end of March 2021, in Ceará State, a total of 313,328 elderly people had received at least
one dose of vaccine (45% Oxford-AstraZeneca/Fiocruz and 55% CoronaVac-Sinovac/Butantan), and
159,970 had received two doses (83% CoronaVac-Sinovac/Butantan and 17% Oxford-AstraZeneca/
Fiocruz). After a single dose, there was already a significant reduction in COVID 19-related deaths
(protection ratio: 19.31 (95% CI: 18.20–20.48), attributable protection ratio: 94.8%); higher protection
ratios were observed after the application of two doses of the vaccine (132.67; 95% CI: 109.88–160.18),
with an attributable protection ratio of 99.2%. SARS-CoV-2 vaccines are highly effective in reducing
the number of COVID-19-related deaths in over 75-year-olds in Brazil, one of the hardest hit countries
by the current pandemic.

Keywords: COVID-19; SARS-CoV-2; COVID-19 vaccines; mortality; epidemiology; public health

1. Introduction

SARS-CoV-2 vaccines can reduce disease occurrence and transmission in a population.
This is essential to reduce both morbidity and mortality from SARS-CoV-2 [1]. Conse-
quently, there is a need for evidence on the effectiveness of vaccines to protect not only
against SARS-CoV-2 symptoms but also to reduce COVID-19-related case fatality rates [2].
However, the reduction in the occurrence of severe disease and death is difficult to evaluate
in phase 3 clinical trials, mainly due to the high number of participants required [1]. Thus,
the effectiveness of SARS-CoV-2 vaccines in relation to case fatality has to be inferred from
other sources of data, such as mortality statistics [3].

In Brazil, by the end of June 2021, more than 18.5 million cases and more than
500,000 deaths were confirmed, with a case fatality rate of 2.8% [4]. The state of Ceará,
with a population of 8.8 million, was one of the first Brazilian states to confirm sustained
transmission of COVID-19 in 2020 [5]. Despite the rapid implementation of control mea-
sures, Ceará stands out with more than 880,000 cases and almost 22,500 deaths by the end
of June 2021 [4]. The case fatality rate was 2.5%, and there was a high rate of hospital bed
occupancy (>90%), while different strains of SARS-CoV-2 were circulating [5].

A recent case-control study in England, including almost 160,000 adults aged over
70 years, evidenced a significant reduction in symptomatic COVID-19 cases and severe
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symptoms after a single dose of the Oxford-AstraZeneca vaccine [6]. A recent study with
Brazilian data showed an association between the rapid increase in vaccination coverage
of the older population and relative mortality, as compared to younger individuals, in a
setting where the gamma variant was predominant, and the most widely used vaccine was
CoronaVac-Sinovac/Butantan [7]. The Brazilian Ministry of Health has made available both
vaccines from Oxford-AstraZeneca/Fiocruz and CoronaVac-Sinovac/Butantan. In Ceará,
by May 2021, more than 1.7 million people had taken at least one dose of a vaccine, with
more than 500 thousand people having received two doses [8]. In this study, we evaluated
the hypothesis that COVID-19 vaccinations had a considerable impact on reducing the
number of deaths due to COVID-19 in the state of Ceará, Northeast Brazil, in the year 2021.

2. Materials and Methods

People aged 75 years or older were included since this age group was prioritized by
the Brazilian Immunization Program and, thus, had a higher proportion of vaccination
coverage at the beginning of the campaign. For the year 2021, the estimated popula-
tion in this age group was 354,269 people (IBGE—Brazilian Institute of Geography and
Statistics/Instituto Brasileiro de Geografia e Estatística).

We used data from the National Mortality System (SIM) and from the Immunization
Program (SIPNI), between 17 January and 11 May 2021. The SIM database records all
deaths that occur in Brazil. We selected death records with COVID-19 as the underlying
cause of death. The SIPNI aims to coordinate immunization actions throughout Brazil, and
records the immunobiological doses applied. The number of unvaccinated people was
calculated as the difference between the estimated population and the number of vaccinated
individuals. We included only individuals who had received at least one COVID-19 vaccine
application. After removing duplicates, the databases were probabilistically related by
means of people’s names (soundex) and respective dates of birth, using Stata 15.1 software.
The outcome was defined as people who died 21 days or later after the first dose of vaccine.
We stratified the vaccinated population by number of doses, vaccine type and age group,
and calculated the proportion of deaths as well as the protection ratio for deaths and
percentage attributable protection ratio for deaths, and their respective 95% confidence
intervals. All data in this study were extracted from secondary databases. The use of data
was authorized by the Secretary of Health of the State of Ceará. As the study consisted of
an analysis of secondary data, no informed consent was sought.

3. Results

A total of 313,328 elderly people (88.4% of the total population > 75 years) had
received at least one dose of a vaccine, 44.5% from Oxford-AstraZeneca/Fiocruz and
55.5% from CoronaVac. A total of 159,970 had received two doses, 83.0% from CoronaVac-
Sinovac/Butantan and 17.0% from Oxford-AstraZeneca/Fiocruz. The occurrence of deaths
among the unvaccinated elderly was more than 132 times higher, as compared to those
who had received two doses of a vaccine, with a protection ratio for deaths of 99.2%. After
a single dose of a vaccine, the protection ratio was 19.3 (Table 1). The effect was more
pronounced with increasing age.
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4. Discussion

Our data showed an impressive reduction in COVID-19-related deaths in older age
groups in Ceará State, which is the population strata at highest risk for severe disease
and death. Previous studies have shown that, by May 2021, more than 40,000 deaths had
been prevented due to vaccination of the elderly population in Brazil with the Oxford-
AstraZeneca and CoronaVac-Sinovac/Butantan vaccines [7]. Similar findings were found
in the US after use of the first dose of Pfizer-BioNTech, particularly in older adults [9].
A study in Tennessee/USA showed a reduction of more than 95% in mortality in the
vaccinated elderly population between December 2020 and March 2021 [10].

Considering the difficulties in the vaccine supply chain and their availability, it is
important that the vaccines from both major producers showed a high effectiveness in
reducing COVID-19-related deaths, even after a single dose. Furthermore, as predicted by
Bolcato et al. in 2020, there may be problems that occur, such as insufficient production
of vaccine doses for the entire population, or with different vaccination strategies and
different times between doses, generating the need for difficult prioritization decisions [11].
In this context, the ability of a vaccine to protect against serious illness and death should
be considered the most important outcome, since hospital admissions, especially in in-
tensive care units, represent the greatest burden on health systems and has led several
countries to face a collapse in their health systems. The global crisis generated by the
coronavirus pandemic highlighted, once again, the importance of vaccination programs as
effective public health measures, and brought about new mechanisms that may become
models for future responses to regional epidemics and pandemics, with a greater variety
of platforms and joint work to overcome challenges and accelerate vaccine development,
manufacturing and delivery [12]. It is worth noting that the duration of protection after
recovery from COVID-19 corresponds somewhat to the duration of protection provided by
the vaccine [13].

For Hodgson et al. (2021), the beneficial effects of a vaccine can be assessed if the
vaccine is effective in older adults and if there is a wide distribution of the vaccine [1].
The evaluation of asymptomatic SARS-CoV-2 infection is an important clinical outcome
in the evaluation of vaccines, but is certainly of less public health importance than its
effectiveness against death. In Italy, for example, the number of infections in nursing
homes was particularly high, with a high mortality rate. Yet it must be recognized that
the current situation of social disparity does not facilitate equal opportunities for all. As
a result, the elderly will continue to experience moments of loneliness, despite efforts to
reduce them [14].

Equal access to COVID-19 vaccines in all countries will continue to be a goal to be
pursued. But the experience of previous pandemics suggests that access will be limited in
low and middle income countries, despite the rapid development of some new candidate
vaccines. Thus, the WHO proposal, with the COVAX Facility program, represents an
attempt to facilitate multilateral cooperation to procure and distribute two billion doses of
COVID-19 vaccines equitably in all countries of the world by the end of 2021 [15].

Our study is subject to some limitations, such as the use of secondary mortality data
that may be subject to some errors. The smaller number of second doses by AstraZeneca in
our study is basically due to the longer period between the two doses and, therefore, the
population had not yet received the second dose during the study period. We also observed
that the population of people vaccinated in the age group over 90 years was higher than the
estimated population for this age group, this fact is due to the last census being conducted
in 2010. We used the population projection for the year 2021, but there was still a difference
of 1900 more people vaccinated in the population over 90 years of age. The estimated
population was adjusted to the vaccinated population and, thus, data should be interpreted
with care. Data on the antibody response of vaccinated individuals were not available,
which may limit interpretation of results. However, we obtained population-based data
from a population with a high vaccination coverage, and the study results can, thus, be
considered as robust and valid.
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5. Conclusions

SARS-CoV-2 vaccines are highly effective in reducing the number of COVID-19-
related deaths in over 75 year-olds in Brazil, one of the hardest hit countries by the current
pandemic.
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Abstract: The long-term effects of COVID-19 among survivors is a matter of concern. This research
aimed to study persistent symptoms in post-COVID-19 patients attending a follow-up clinic at a
tertiary care hospital in Nepal. All patients, presenting to the outpatient clinic during the study
duration of six weeks, with history of positive reverse transcriptase- polymerase chain reaction
for severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) at least two weeks prior to
presentation, were included. The duration of follow-up ranged from 15 till 150 days with the mean
duration of 28 days after diagnosis of COVID-19. Of 118 patients, 43 (36.4%) had a history of mild
COVID-19, 15 (12.8%) had moderate, and 60 (50.8%) had severe. At the time of presentation, 97 (82.2%)
patients reported that they had at least one persistent/new symptom beyond two weeks from the
diagnosis of COVID-19. Dyspnea, fatigue, chest heaviness, and cough were the commonest persistent
complaints in 48 (40.7%), 39 (33.1%), 33 (28%), and 32 (27.1%) patients, respectively. The findings in
our study highlight the need for extended monitoring of post-COVID-19 patients following discharge,
in order to understand and mitigate long-term implications of the disease.

Keywords: COVID-19; Nepal; post-acute COVID-19 syndrome

1. Introduction

More than a year after reporting Coronavirus Disease-2019 (COVID-19) for the first
time in China, the disease is unrelenting, with more than 147 million cases and 3.1 million
deaths worldwide, as of 28 April 2021 [1]. Persistent/new symptoms following convales-
cence of the clinical disease and/or microbiological recovery have been observed in a large
fraction of COVID-19 patients [2]. To date, there is no clear consensus on the definition of
such a group of patients. Long COVID, long haul COVID, chronic COVID syndrome, post-
COVID-19 syndrome, and post-acute COVID-19 are the different terminologies currently
in use for the condition characterized by the persistence of symptoms beyond the acute
phase of COVID-19 [3].

Post-COVID-19 patients continue to have persistent symptoms or may have new
symptoms following apparent clinical recovery as a result of the consequences of organ
damage during acute COVID-19 infection, neurobehavioral abnormalities due to the dis-
ease process or hospital admission and intensive care strategies. A perplexing finding noted
by physicians in several parts of the world was the prevalence of long COVID unrelated
to severity of illness of COVID-19, unlike other diseases, where rigorous intensive care
strategies in severely ill patients were associated with long-term health implications in
survivors [4].
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There have been unprecedented efforts from the scientific community worldwide for
the diagnosis, treatment, and prevention of COVID-19; however, little has been done to
address the potential long-term health implications for more than 95% COVID-19 patients
who have recovered from this novel disease worldwide. Signs and symptoms that fail
to return to a healthy baseline status beyond two weeks from the disease onset could be
considered to a long-term effect of COVID-19 in apparently recovered post-COVID-19
patients [5]. This research aims to study persistent or new symptoms in post-COVID-19
patients presenting to a tertiary level infectious disease hospital in central Nepal.

2. Materials and Methods

2.1. Study Design and Settings

This was a descriptive, cross-sectional study conducted among post-COVID-19 pa-
tients who had presented to the follow-up outpatient department of a central level in-
fectious disease government hospital, Sukraraj Tropical and Infectious Disease Hospital
(STIDH) in Kathmandu, the capital city of Nepal. All patients diagnosed with COVID-19
by positive real time polymerase chain reaction (RT-PCR) for SARS-CoV-2, at least two
weeks prior to presentation, were included in our study. Data collection was done over
the period of six weeks from 1 March 2021 to 14 April 2021. All patients who had been in
home isolation or were discharged following hospital admission from STIDH or from any
other hospital during their acute COVID-19 illness were included in this study.

2.2. Data Collection

Data collection was done through a face-to-face interview by using a standardized
structured questionnaire after consent for voluntary participation was obtained. His-
tory taking and relevant clinical examination were done by two experienced attending
physicians. Patients were asked to answer Yes/No questions for the symptoms related
to post-COVID pathology. Data related to course of COVID-19 illness and index ad-
mission were collected retrospectively from the patients, and by reviewing past medical
records/discharge sheets brought by patients in the follow-up OPD. Cronbach’s alpha was
computed for reliability analysis of the questionnaire using responses from the first fifty
consecutive participants. The value was calculated as 0.84 and found to be acceptable.

Patients were asked to report newly occurring or persistent symptoms, or any other
symptom worse than before COVID-19 development. The symptoms that did not return to
baseline and lasted for more than two weeks following diagnosis of COVID-19 were labeled
as persistent symptoms and those symptoms that appeared after two weeks of diagnosis of
COVID-19, and were not attributed to other diseases, were labeled as new symptoms in
post-COVID-19 patients. Dyspnea/shortness of breath, fatigue, chest heaviness, cough,
chest pain, palpitations, anosmia/hyposmia, ageusia/hypogeusia, decreased appetite,
headache, and throat discomfort were the persistent symptoms reported by post-COVID-
19 patients in our study. Likewise, insomnia, anxiety, hot flushes, parosmia, burning
sensation along limbs, impaired concentration, and burning sensation in the perinostrillar
area were the new symptoms reported by post-COVID-19 patients in our study. Level
of dyspnea/shortness of breath were defined in terms of the Modified Medical Research
Council (MMRC) dyspnea scale, where higher scores corresponded to increased level
of dyspnea.

2.3. Data Analysis

Data was entered in Microsoft Excel and then analyzed with a statistical package for
social sciences (SPSS) version 25. Descriptive analyses were done using frequencies and
percentages for categorical variables, and means and standard deviation for continuous
variables. Bivariate analysis was done using Chi square and Fisher’s exact test, where
appropriate. p value < 0.05 was considered to be significant.
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3. Results

Out of 118 patients enrolled in our study, 81 (68.6%) were males and 37 (31.4%) were
females with the male: female ratio of approximately 2.2:1. The mean age of presentation
was 49.7 ± 15.01 years with minimum age of 25 years and maximum age of 87 years.
Thirty-four (28.8%) patients were aged 60 and above, whereas the majority of patients in
our study were in the age group 30 to 59 years (64.4%). The most common comorbidity
among post-COVID-19 patients who had presented to the follow-up OPD in our study
was hypertension (24.6%), followed by diabetes mellitus (14.4%), and chronic respiratory
diseases (7.6%). Sixty-three (53.4%) patients did not have any comorbidities in our study.
The duration of follow-up of post-COVID-19 patients ranged from 15 to 150 days with
mean duration of 28 days (S.D—17.5 days) after diagnosis. More than two-third of the total
patients (66.9%) had their first follow-up within three to four weeks of diagnosis of COVID-
19, 25 (21.2%) patients presented within five to six weeks, nine (7.6%) patients presented
within seven to eight weeks, three (2.5%) patients presented within nine to twelve weeks,
and two (1.7%) patients presented after three months of diagnosis of COVID-19 (Table 1).

Table 1. Baseline characteristics of post-COVID-19 patients presenting to follow-up OPD at STIDH
(N-118).

Baseline Characteristics Frequency n (%)

Gender
Male 81 (68.6)

Female 37 (31.4)

Age group

less than 30 years 8 (6.8)

30 to 59 years 76 (64.4)

60 to 74 years 26 (22)

75 years and above 8 (6.8)

Comorbidities

Hypertension 29 (24.6)

Diabetes mellitus 17 (14.4)

Chronic respiratory diseases 9 (7.6)

Heart disease 6 (5.1)

Hypothyroidism 8 (6.8)

Psychiatric illness 5 (4.2)

Cerebrovascular disease 1 (0.8)

Seizure disorder 1 (0.8)

Rheumatoid arthritis 1 (0.8)

None 63 (53.4)

Time since diagnosis of COVID-19 at
first-follow up

3 to 4 weeks 79 (66.9)

5 to 6 weeks 25 (21.2)

7 to 8 weeks 9 (7.6)

9 to 12 weeks 3 (2.5)

More than 12 weeks 2 (1.7)

Table 2 enlists the symptoms during the acute phase of COVID-19 illness, as re-
ported by the study participants in the follow-up OPD of STIDH. The most common
symptoms were fever (74.6%), myalgia (74.6%), cough (73.7%), and dyspnea (60.2%).
Anosmia/hyposmia and ageusia/dysgeusia were reported by 49.2% and 45.8% patients,
respectively. forty-three (36.4%) patients had mild COVID-19, 15 (12.8%) had moderate
COVID-19, and 60 (50.8%) had severe COVID-19 in our study. Out of the total number
of patients, 34 (28.8%) were admitted to the ward and 38 (32.2%) to intensive care units
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during the acute phase of COVID-19 infection (Table 3). The mean duration of hospital
admission for patients who got admitted was 9.43 ± 5.76 days with minimum duration of
one day and maximum duration of 33 days.

Table 2. Symptomatology during COVID-19 illness of post-COVID patients presenting to follow-up
OPD at STIDH (N-118).

Symptoms Frequency n (%)

Fever 88 (74.6)

Myalgia/Body ache 88 (74.6)

Cough 87 (73.7)

Shortness of breath 71 (60.2)

Anosmia/Hyposmia 58 (49.2)

Ageusia/Dysgeusia 54 (45.8)

Headache 50 (42.4)

Chest pain 38 (32.2)

Decreased appetite 37 (31.4)

Diarrhoea 34 (28.8)

Sore throat 30 (25.4)

Runny nose 24 (20.3)

Nausea/Vomiting 17 (14.4)

Dizziness 14 (11.9)

Abdominal pain 7 (5.9)

Hemoptysis 3 (2.5)

At the time of presentation of the first follow-up at STIDH OPD, 97 (82.2%) patients
had reported that they had at least one persistent/new symptom beyond two weeks
from diagnosis of COVID-19 infection (Figure 1). Twenty-three (19.5%) patients had
one symptom, 52 (44.1%) had two to four symptoms, and 22 (18.6%) had five or more
symptoms at their first follow-up visit. Twenty-one (17.8%) patients did not have any
complaint during their follow-up visit at STIDH (Figure 2). Table 4 enlists the symptoms
that were persistent/had newly emerged following acute disease in the post-COVID-19
patients in our study. Dyspnea, fatigue, chest heaviness, and cough were the commonest
complaints present in 48 (40.7%), 39 (33.1%), 33 (28%), and 32 (27.1%) patients, respectively.
Insomnia and anxiety was present in 19 (16.1%) and 16 (13.6%) post-COVID patients.
Anosmia/hyposmia was persistent in 11 (9.3%) and ageusia/hypogeusia was persistent in
8 (6.8%) patients during their first follow-up visit (Table 4).

Out of 48 patients in our study who reported dyspnea to be persistent at their first
follow-up visit, 29 (24.6%) had MMRC 1 symptoms, 14 (11.9%) had MMRC 2 symptoms,
5 (4.2%) had MMRC 3 symptoms, and none had MMRC 4 symptoms. Resting hypoxia
(room air oxygen saturation less than 94%) was recorded in 24 (20.33%) patients, out of
which 15 (12.7%) had mild hypoxia (oxygen saturation 90 to 93%), 3 (2.5%) had moderate
hypoxia (oxygen saturation 85 to 89%), and 6 (5.1%) had severe hypoxia (oxygen saturation
less than 85%). Sixteen (13.6%) patients who had resting hypoxia were using domiciliary
oxygen therapy at home, though intermittently (Table 5).
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Table 3. Course of COVID-19 illness in post-COVID patients presenting to follow-up OPD at STIDH
(N-118).

Course of COVID-19 Illness Frequency n (%)

Severity of COVID-19
Mild 43 (36.4)

Moderate 15 (12.8)

Severe 60 (50.8)

Mode of isolation during
COVID-19

Home 46 (39)

Ward admission 34 (28.8)

ICU admission 38 (32.2)

Duration of hospital
admission

None 46 (39)

less than one week 20 (16.9)

one to two weeks 43 (36.4)

three to four weeks 6 (5.1)

more than four weeks 3 (2.5)

Highest oxygen delivery
device used during hospital

stay

None 58 (49.2)

Nasal cannula 44 (37.3)

Face mask 9 (7.6)

Non- invasive ventilation 7 (5.9)

Invasive ventilation 0 (0)

Use of COVID-19 specific
medications during hospital

stay

Oral or intravenous steroids 65 (55.5)

Remdesivir 68 (57.6)

Convalescent plasma therapy 14 (11.9)

 

Figure 1. Distribution of post-COVID patients with at least one persistent/new symptom over two
weeks after acute COVID-19 infection (N-118).
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Figure 2. Distribution of post-COVID patients with the number of persistent/new symptoms during their first follow-up
visit (N-118).

Table 4. Persistent/new symptoms in post-COVID-19 patients presenting to follow-up OPD at
STIDH (N-118).

Symptoms Frequency n (%)

Shortness of breath 48 (40.7)

Fatigue 39 (33.1)

Chest heaviness 33 (28.0)

Cough 32 (27.1)

Chest pain 23 (19.4)

Insomnia 19 (16.1)

Anxiety 16 (13.6)

Anosmia/Hyposmia 11 (9.3)

Palpitations 11 (9.3)

Ageusia/Hypogeusia 8 (6.8)

Decreased appetite 7 (5.9)

Headache 4 (3.3)

Throat discomfort 3 (2.5)

Burning sensation along limbs 3 (2.5)

Impaired concentration 2 (1.7)

Hot flushes 1 (0.8)

Parosmia 1 (0.8)

Burning sensation in the perinostrillar area 1 (0.8)
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Table 5. Oxygenation status of post-COVID-19 patients presenting to follow-up OPD at STIDH
(N-118).

Oxygenation Related Parameters Frequency n (%)

Grade of dyspnea during first follow-up

MMRC 0 70 (59.3)

MMRC 1 29 (24.6)

MMRC 2 14 (11.9)

MMRC 3 5 (4.2)

MMRC 4 0 (0)

Use of domiciliary oxygen during the first follow-up visit
Yes 16 (13.6)

No 102 (86.4)

Oxygen saturation at rest during the first follow-up visit

≥94% 94 (79.7)

90 to 93% 15 (12.7)

85 to 89% 3 (2.5)

80 to 84% 4 (3.4)

75 to 79% 2 (1.7)

On bivariate analysis of the presence of at least one persistent/new symptom in post-
COVID-19 patients to some pertinent baseline characteristics, no significant association
was demonstrated with age groups, gender, presence of any comorbidity, or severity of
acute COVID-19 illness (p value- 0.177, 0.463, 0.919, and 0.056, respectively). However,
the presence of at least one persistent/new symptom in post-COVID-19 patients was
significantly associated to mode of isolation during their acute COVID-19 illness (p value
0.040) (Table 6).

Table 6. Association of the presence of at least one persistent/new symptom in post-COVID-19 patients with baseline
characteristics (N-118).

Presence of at Least One Persistent/New
Symptom in Post-COVID Patients p Value

Yes No

Gender
Male 68 13

0.463
Female 29 8

Age groups

Less than 30 years 7 2

0.17730 to 59 years 58 17

60 to 74 years 23 2

More than 75 years 9 0

At least one comorbidity
Yes 45 10

0.919
No 52 11

Severity of COVID-19

Mild 31 12
0.056Moderate 12 3

Severe 54 6

Mode of isolation

Home 34 12
0.040 *Ward 27 7

ICU 36 2

* p value < 0.05.
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4. Discussion

As the COVID-19 pandemic continues unabated, a vast majority of survivors have
presented to healthcare providers with a multitude of signs and symptoms representing
possible long-term effects following acute COVID-19 infection [6]. With the persistence
of debilitating complaints by the survivors of previous coronavirus infections like Severe
Acute Respiratory Syndrome (SARS) in 2003 and Middle East Respiratory Syndrome
(MERS) in 2012, the current concern regarding long haulers of COVID-19 seems justi-
fied [7]. In a systematic review on the long-term effects of COVID-19 by Leon et al., 80%
post-COVID-19 patients (95% confidence interval 65–92%) continue to have one or more
symptoms following two weeks of acute COVID-19 infection [5]. Another study by Morin
et al. reported that 51% patients had at least one symptom after four months of diagnosis of
COVID-19 in a cohort of 478 hospitalized patients [8]. Similarly, in a review by Pavli et al.,
the incidence of post-COVID syndrome was estimated to be 10 to 35% among patients
who were treated on an outpatient basis, and reached 85% among patients who were
hospitalized [9]. In our study, around 82.2% patients, with a recent history of confirmed
COVID-19 infection, continue to have at least one persistent/new symptom beyond two
weeks of diagnosis.

Shortness of breath was the commonest complaint reported by 40.7% patients at
mean follow-up duration of 28 days in our study. In a study done in Italy by Carfi et al.,
fatigue (53.1%) and dyspnea (43.4%) were the commonest complaints of post-COVID-19
patients at mean follow-up duration of 60 days [10]. Persistent dyspnea could result due
to the underlying pathology of impaired diffusion capacity, impaired respiratory muscle
strength, and fibrotic abnormalities in post-COVID lungs, which were more frequently
encountered in severe forms of COVID-19 following convalescence [11]. Another study
from China reported fatigue (63%) and sleep disturbances (26%) to be persistent among
post-COVID-19 patients at the median duration of six months from the disease onset [12].
Our study reported fatigue in 33.1% patients, whereas insomnia and anxiety were persistent
in 16.1% and 13.6% patients during their first follow-up visit following COVID-19. Post
viral fatigue has been postulated to result from immune dysregulation and autonomic
alterations following COVID-19 infection [13]. Psychological effects following recovery
from acute COVID-19 illness could result due to direct viral effects on cognition or may
result from the social circumstances related to disease like loss of loved ones, spanning
fears about future, job loss, anticipation anxiety, lockdown, and intensive care strategies
following which the patient survived [14].

Neurological symptoms like anosmia/hyposmia and ageusia/dysgeusia were found
to be persistent in 9.3% and 6.8% patients at their first follow-up visit. One patient reported
perception of foul smell and altered smell pattern suggestive of parosmia even after three
months of mild COVID-19 infection. Post-infectious olfactory dysfunction in form of
misperception of existing odors has been previously reported as a delayed complication
following COVID-19 [15]. Similarly, another patient reported a new onset of burning
sensation and lancating pain at the left perinostrillar and maxillary area eight weeks
following recovery from mild COVID-19 infection, suggestive of left-sided trigeminal
neuralgia. The existence of trigeminal neuralgia in relation to SARS-CoV-2 has been
recently described in the literature as one of the uncommon manifestations of COVID-
19 [16]. Two (1.7%) patients complained of impaired concentration following COVID-19, of
which one was below 30 years of age who did not require hospital admission and the other
was above 75 years of age, treated in an intensive care unit. ‘Brain fog’ is a colloquial term
being used to describe the cognitive difficulties faced by a large group of patients following
COVID-19. Neuroinflammation, resulting from the pathogenic and stress stimuli, is the
proposed mechanism for this condition, though concrete evidence is yet to be seen [17].

Around two-third (65.3%) of total patients said that they did not feel as normal as
before the diagnosis at mean duration of 28 days following COVID-19 infection. Eighteen
percent of the total patients reported more than four persistent symptoms during their
follow-up visit at STIDH. An important finding in our study was that the presence of
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at least one persistent/new symptom in post-COVID-19 patients did not correlate with
age groups, gender, comorbidities, or severity of COVID-19. Similar findings were also
mentioned by Rio et al., who stated that long COVID symptoms did not correlate with
chronic comorbidities or severity of acute COVID-19 illness. [18]. Likewise, Terfonde et al.
stressed on the persistence of symptoms in younger group of patients without any comorbid
conditions, such that could result in a prolonged road to recovery to usual state of health,
leading to absenteeism from work and poor quality of life [19]. Significant association
was demonstrated between the presence of at least one persistent/new symptom in post-
COVID-19 patients to mode of isolation (Table 6), whereby patients who were treated in an
intensive care unit had higher chances of getting at least one prolonged symptom beyond
two weeks from diagnosis of COVID-19. Post intensive care syndrome is a well-defined
morbid entity, which has been described in patients after discharge from an intensive care
unit following severe illnesses. However, post-COVID syndrome has been described not
only in patients who were discharged from intensive care but also in those that did not
seek medical help and recovered at home [18]. Thus, our finding regarding the association
of mode of isolation to persistence of post-COVID symptoms needs further evaluation.

The emergence of multiple variants of SARS-CoV-2 in recent times is a matter of grave
concern that raises the question of a possible escape from vaccine-induced immunity and
could be a major driving force for perpetuality of the current pandemic. Healthcare workers
need to be aware of the persistence of multitude of symptoms in COVID-19 patients post
discharge, and ways to mitigate it. The physical and psychological burden on survivors
of this novel disease is yet to be addressed in a holistic way. Despite the fact that the
scientific community is still in search for a breakthrough to save lives during the acute
phase of the disease, the post-COVID morbidity of millions cannot be ignored. This study
addresses the post-COVID symptomatology in one of the tertiary care centers in Nepal and
represents data from low- and middle-income countries in South Asia. With a third wave
of COVID-19 looming round the corner in South Asia, more studies need to be planned to
investigate the long-term consequences of COVID-19.

This was a single-centered study and had a small sample size. Larger studies need
to be conducted to know the actual burden of persistent symptoms in post-COVID-19
patients. An important point of consideration is that this was a hospital-based study; thus,
the actual prevalence of post-COVID-19 symptoms might have been overestimated. A
single follow-up visit was only considered in this study. Longer duration of follow-up is
warranted to study the evolution of persistent symptoms in post-COVID-19 patients.

5. Conclusions

This study concluded that there was a high prevalence of persistent symptoms in
post-COVID-19 patients. Post-COVID-19 symptoms had no association with age group,
gender, presence of any comorbidity, or severity of disease. Healthcare workers need to
acknowledge this fact and be aware of the long haulers of COVID-19 so that necessary ther-
apeutic and rehabilitative services can be offered to such groups of patients. Our findings
highlight the need for long-term monitoring of COVID-19 patients post convalescence, to
understand the implications and consequences of persistent symptoms in the well-being of
these apparently recovered COVID-19 patients.
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Abstract: Real-time operational research can be defined as research on strategies or interventions to
assess if they are feasible, working as planned, scalable and effective. The research involves primary
data collection, periodic analysis during the conduct of the study and dissemination of the findings
to policy makers for timely action. This paper aims to illustrate the use of real-time operational
research and discuss how to make it happen. Four case studies are presented from the field of
tuberculosis. These include (i) mis-registration of recurrent tuberculosis in Malawi; (ii) HIV testing
and adjunctive cotrimoxazole to reduce mortality in TB patients in Malawi; (iii) screening TB patients
for diabetes mellitus in India; and (iv) mitigating the impact of COVID-19 on TB case detection in
capital cities in Kenya, Malawi and Zimbabwe. The important ingredients of real-time operational
research are sound ethics; relevant research; adherence to international standards of conducting and
reporting on research; consideration of comparison groups; timely data collection; dissemination to
key stakeholders; capacity building; and funding. Operational research can improve the delivery of
established health interventions and ensure the deployment of new interventions as they become
available, irrespective of diseases. This is particularly important when public health emergencies,
including pandemics, threaten health services.

Keywords: operational research; real-time operational research; tuberculosis; COVID-19; ethics;
research capacity building; Malawi; Kenya; Zimbabwe; India

1. Introduction

Over the years, the terms “operational research”, “operations research”, “implementa-
tion research”, “health systems research” and “health services research” have been used
interchangeably to describe research conducted in health programmes using routinely col-
lected data to try and effect change in policy and/or practice. Ask 20 operational research
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scientists to define what is meant by these types of research, and the likelihood is that you
will get 20 different answers.

As a group working both independently and together over 30 years in health pro-
grammes in low- and middle-income countries, we have proposed a pragmatic definition
of operational research: “the search for knowledge on interventions, strategies or tools that
can enhance the quality, effectiveness, or coverage of programmes in which the research is
being conducted” [1].

The premise that underpins this type of research is that we routinely collect mounds
of data from all levels of the health system. These data can include daily out-patient
attendances, daily in-patient admissions and discharges, data about patient screening,
diagnostic services, enrolment to care, treatment outcomes and so on. The data are usually
collected and collated as aggregate numbers in paper-based reports or electronic data sets
and, more often than not, are stored away as reports in shelves or databases and rarely
used after that. Operational research seeks to utilise these data, transform the data into
useful information about how the health system works and use that evidence for decision
making to improve public health, be it at the local, national or international level [2,3].

The operational research that we most frequently see being done uses secondary
data that have been routinely collected over months or years and are used to produce
information and evidence about disease control programmes, health services or health
systems. However, operational research can be carried out using primary data. We would
regard this as real-time operational research and define it more comprehensively as “any
operational research involving primary data collection, periodic analysis and interpretation
at regular intervals during the conduct of the study and dissemination of findings to policy
makers for timely action.” This type of research is more labour intensive and demanding
than research using previously available records. However, it is key to the effective
implementation of proven interventions and to show how new products (for example,
vaccines, diagnostics and treatments) can be introduced and deployed, ensuring they are
available to everyone who needs them. Real-time operational research is not an academic
exercise, but rather a formal evaluation of public health practice that needs to be firmly
integrated and embedded within health service delivery.

This paper aims to illustrate the use and effectiveness of real-time operational research.
Specific objectives are to: (i) focus on tuberculosis (TB) and show how four real-time
operational research studies were conducted in Africa and Asia, with the findings leading
to important changes in policy and practice; and (ii) consider and discuss how to make
real-time operational research happen on the ground and be effective.

2. Four Case Studies of Real-Time Operational Research on TB

2.1. Incorrect Registration of New and Recurrent TB in Malawi

In 1999, the National TB Programme (NTP) in Malawi became concerned about the
declining numbers of patients registered nationally as ‘recurrent TB’. The country was in
the midst of amid a catastrophic human immunodeficiency virus (HIV) epidemic, and
previous clinical studies done throughout sub-Saharan Africa had shown that HIV was
strongly associated with recurrent TB [4–7]. The declining numbers of patients with
recurrent TB in Malawi did not make sense, and the NTP was concerned that patients with
recurrent TB were being misregistered as having new TB. A real-time operational research
project was started after receiving ethics approval from the Malawi National Health Science
Research Committee.

All 43 hospitals in the country that registered and treated TB patients were visited in
each of the three regions over a few months during the NTP routine supervision schedules.
All patients in the hospital registered with new TB were interviewed using a structured
questionnaire, and they were asked whether they had ever had previous TB and treatment:
if this was the case, the patient was recorded as having recurrent TB. Wherever possible,
affirmative patient responses were verified using out-patient identity cards of previous TB
treatment. At the end of each regional supervision, the data were analysed and discussed
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before moving to the next region to see if the simple protocol should be continued to be
used or changed—in the event, no changes were made. The key findings at the end of the
study are shown in Table 1 [8].

Table 1. Recurrent tuberculosis in patients registered in Malawi as having “new” tuberculosis.

Characteristics
Registered as New TB

Found to Have Had Previous (Recurrent)
TB OR (95% CI) p-Value

N n (%)

All types of TB 1254 94 (7.5)
Smear-Positive PTB 746 34 (4.6) Ref
Smear-Negative PTB 282 40 (14.2) 3.5 (2.1–5.7) <0.001
Extrapulmonary TB 226 20 (8.8) 2.0 (1.1–3.7) <0.05

TB = tuberculosis; PTB = pulmonary tuberculosis; OR = odds ratio; CI = confidence interval. Adapted from [8].

The study confirmed the NTP hypothesis that a substantial number of patients with
recurrent TB were misregistered as having new TB. The mistake was significantly more
common in patients with smear-negative pulmonary TB (PTB) and extrapulmonary TB
than those with smear-positive PTB. This had important programmatic implications. First,
not only were patients being misregistered in the country, but this incorrect information
was being transmitted to the World Health Organization (WHO) and published in the
annual WHO Global TB Reports. Second, anti-TB treatment at that time was different for
new and recurrent TB patients, so some patients were incorrectly treated.

The NTP acted swiftly and decisively. Within three months, all NTP staff were briefed
about the findings and were retrained, and new guidelines on how to properly register and
treat TB patients were developed [9]. These guidelines were disseminated in-country, and
the National TB Manual (which was the blueprint for TB control activities in the country)
was updated.

The following year, the study was repeated using the same methodology to see if these
interventions had worked. A considerable improvement was noted with large reductions
in numbers and proportions of patients being misregistered [10]. The mis-registration of
smear-negative PTB and extrapulmonary TB declined from 14.2% to 4.7% and from 8.8% to
0.9%, respectively. Over the next few years, recurrent TB as a proportion of all nationally
registered TB patients rose from 3% in 1999 to 12% five or six years later, and this was
probably a true reflection of the pattern of TB in the country at those times (source: Malawi
NTP). The research led to a more accurate reporting of recurrent TB and patients receiving
the correct treatment for that time.

2.2. HIV Testing and Adjunctive Cotrimoxazole to Reduce Mortality in TB Patients in Malawi

The advent of HIV in Malawi severely affected the NTP. Case numbers rose dra-
matically and treatment success, having been excellent at 90% or higher in the pre-HIV
era, declined dramatically. A study of over 800 TB patients consecutively registered and
treated in 1995 at a large district hospital found that 31% had died by the end of treat-
ment [11]. In this study, HIV-positive patients had a 2.3 times higher hazard of death than
HIV-negative patients.

During the whole of the 1990s, antiretroviral therapy (ART) was not available in
sub-Saharan Africa. However, a randomised controlled trial in Cote d’Ivoire, West Africa,
conducted between 1995 and 1998, showed that adjunctive cotrimoxazole administered
to HIV-positive TB patients reduced their mortality by 48% [12]. Based on this evidence,
the Ministry of Health in Malawi asked the NTP to assess whether a package of voluntary
counselling, HIV testing and adjunctive cotrimoxazole (for those found HIV-positive)
might reduce the high mortality in TB patients routinely registered for treatment.

After receiving ethical approval from the Malawi National Health Science Research
Committee, a real-time operational research project was started in Thyolo District, Southern
Malawi, conducted jointly by Medecins Sans Frontieres and the NTP [13]. Between July
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1999 and June 2020, all TB patients who started on anti-TB treatment were offered voluntary
counselling and HIV testing. Those found to be HIV-positive were offered adjunctive
cotrimoxazole provided there were no contraindications. Side effects were monitored
clinically. Patients were followed up in the usual way on a regular monthly and quarterly
basis with close supervision. There was periodic analysis of the data and regular meetings
held with various stakeholders including the NTP director. The end-of treatment outcomes
in this cohort (the intervention group) were compared with end-of-treatment outcomes in
the cohort of TB patients registered the previous year between July 1998 and June 1999, in
whom counselling, HIV testing and cotrimoxazole were not offered (the historical control
group). Case fatality was the primary endpoint, and additional efforts were made to
determine whether patients in each cohort who were lost to follow-up or transferred out of
the district during treatment had died during the treatment period.

Of the 1061 TB patients in the intervention cohort, 91% were HIV tested, of whom 77%
were HIV-positive, of whom 94% were given adjunctive cotrimoxazole. Of those receiving
cotrimoxazole, 2% had reversible, non-serious, dermatological reactions. The numbers
and proportions of patients in the intervention and control cohorts who died by the end of
anti-TB treatment are shown in Table 2 [13]. There was a significant decrease in death for
the whole intervention cohort compared with the control cohort, and this was particularly
noted in those with smear negative PTB and in those registered with new TB. The number
of TB patients needed to treat with counselling, HIV testing and adjunctive cotrimoxazole
to prevent one death during anti-TB treatment was 12.5.

Table 2. Death in TB patients in the intervention (HIV testing and cotrimoxazole) and control groups, Thyolo District,
Malawi.

Characteristics

Death [Total Enrolled on Treatment / Died / (%)]

p-Value
HIV Testing and Cotrimoxazole Cohort Control Cohort

Total
N

Died
N

Died
(%)

Total
n

Died
n

Died
(%)

All TB patients 1061 299 (28) 925 333 (36) <0.001
TB Type:

Smear-Positive PTB 464 91 (20) 340 74 (22) 0.5
Smear-Negative PTB 282 105 (37) 288 140 (49) <0.01
Extrapulmonary TB 315 103 (33) 297 119 (40) 0.05

TB Category:
New 967 267 (28) 897 326 (36) <0.001

Previously Treated 94 32 (34) 28 7 (25) 0.4

TB = tuberculosis; PTB = pulmonary tuberculosis; chi square tests used to calculate the p value. Adapted from [13].

The study showed that it was feasible and safe for the NTP at the district level to
implement the package of interventions, and it was effective at reducing mortality. Another
real-time implementation research study with a slightly different methodology, conducted
in the North of Malawi, produced almost identical results [14].

Once the studies had been completed, a Ministry of Health meeting was arranged
with many stakeholders to discuss the results and the implications, which resulted in a
policy of HIV testing and adjunctive cotrimoxazole being recommended for all TB patients
in the country [15]. This policy was implemented and scaled up over several years and
provided the framework for treating HIV-positive TB patients with ART once this treatment
became available from 2004. The impact was huge. Death during anti-TB treatment in
patients with smear-positive PTB decreased from 19% in 2002 to 7.5% in 2008, and this was
associated with a striking increase in treatment success, which rose from 72% to 86% [15].

2.3. Screening TB Patients for Diabetes Mellitus in India

In 2007 and 2008, two systematic reviews showed that people with diabetes mellitus
(DM) had a 2–3 times increased risk of developing TB than the general population [16,17].
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Stakeholder meetings and further reviews of the literature led to the WHO and the Interna-
tional Union Against Tuberculosis and Lung Disease (The Union) launching a Framework
for Collaborative Activities to Reduce the Dual Burden of TB and DM [18]. Integral to
this framework was the recommendation to undertake bi-directional screening for the
two diseases. At that time, how this was best done and monitored in routine health care
settings was unknown. Several real-time operational research studies were therefore set up
in China and India [19–22]. Overall ethical approval was obtained from The Union Ethics
Advisory Group. Formal national ethics approval was deemed to not be necessary in the
two countries, as these were judged to be programmatic feasibility studies, although in
some cases, local ethics approval at health facility sites was obtained.

One of these studies focused on screening TB patients for DM in eight tertiary care
hospitals and 67 peripheral health institutions in India [21]. After a two-day consultative
meeting between the national programme managers, national experts, and representatives
from the Union, WHO and the World Diabetes Foundation, the screening methodology,
the recording and reporting registers and the necessary training of front-line staff were
agreed upon. The human resources and costs needed for screening and supervision
were found within the routine health service budget. The screening was as follows: all
registered TB patients were asked whether they had DM or were on anti-DM medication.
Those saying they had no DM were offered random blood glucose (RBG) testing. If
RBG ≥ 110 mg/dl, patients were asked to return a few days later for a fasting blood
glucose (FBG). If FBG ≥ 126 mg/dl, the patient was diagnosed as having presumptive DM
and referred to diabetes services for a definitive diagnosis and enrolment to care.

Implementation started in January 2012. During the conduct of the study, there was
periodic analysis of the data, and a presentation of interim results was made to the India
NTP director. Nine months after starting, in September 2012, the final results were collated
and analysed. The key findings are shown in Table 3.

Table 3. Screening of TB patients for Diabetes Mellitus in selected health facilities in India.

Screening Process for TB Patients Number (%)

Patients registered with TB 8269

Known diagnosis of DM 682 (8)

Needing to be screened with RBG 7587

Screened with RBG 7467 (98)

RBG≥110 mg/dl and needing to be screened with FBG 2838

Screened with FBG 2703 (95)

FBG≥126 mg/dl and newly diagnosed with DM 402 (5)

Known and newly diagnosed with DM 1084 (13)

Known and newly diagnosed with DM and referred to DM care 1033 (95)

Known and newly diagnosed with DM and reaching DM care 1020
TB = tuberculosis; DM = diabetes mellitus; RBG = random blood glucose; FBG = fasting blood glucose; adapted
from [21].

Of those registered for TB, 8% had a known diagnosis of DM. The screening pro-
cedures for those with no known diagnosis of DM worked well, with 95% or more of
patients needing the RBG and FBG tests receiving them. Altogether, 13% of the cohort had
presumptive DM (8% with a known diagnosis of DM and 5% with a new diagnosis of DM),
and most of those were referred to and reached DM care services for further evaluation.

Within a few weeks of the study completion, the findings were discussed at a large
national meeting with all the stakeholders present. Following the meeting, there was a
rapid national policy decision to screen all TB patients in India for DM routinely. This
decision was made about eight months ahead of the scientific publication of the research
findings [23]. The policy has since been translated into practice in various states in India.
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The same process of a national stakeholder’s meeting, followed by implementation,
and a second national stakeholder’s meeting took place in China [19]. Six sites (five
hospitals and one TB clinic) were selected. The study was regarded as a pilot project to
assess the feasibility of the DM screening approach with a view to learning lessons for
national scale-up. As such, upon completion of the project, the national authorities in
China recommended further evaluations rather than a policy decision to change practice.

2.4. Mitigating the Impact of COVID-19 on TB Services in Three African Countries

In early January 2020, a new coronavirus, named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was linked to several atypical pneumonia cases in China.
The disease caused by this new virus was subsequently named coronavirus disease 2019
(COVID-19). Spread occurred rapidly worldwide, and on 11 March 2020, the WHO declared
COVID-19 to be a global pandemic. Most countries affected by COVID-19 authorised
national lockdowns with restricted movements of the population to curb transmission
of infection.

In high TB-burden countries, there was concern that the national lockdowns, combined
with community fear of health facilities as places to contract COVID-19, would severely
affect TB and HIV programme services. In the capital cities of three African countries
(Kenya, Zimbabwe and Malawi), an operational research project was approved in April
2020 to assess whether a real-time monthly surveillance of TB and HIV activities instead of
the usual quarterly surveillance might help to counteract the anticipated negative impact
on TB and HIV services. It was hypothesised that if there were declines in case numbers
or treatment outcomes, then the TB and HIV programmes could act more quickly on
monthly information rather than waiting for quarterly information to reverse these trends.
It was agreed that data would be collected and collated monthly using an EpiCollect5
application and reports sent monthly to the TB and HIV programme directors and all the
other stakeholders included in the project.

The key objectives in each country were to collect, collate and report on specific TB and
HIV-related data during the COVID-19 period (March 2020 to February 2021) and compare
these data with those collected in the pre-COVID-19 period (March 2019 to February 2020)
in which data were collected and collated retrospectively. Overall ethics approval was
obtained from the Union Ethics Advisory Group, the Kenya Medical Research Institute,
and Zimbabwe’s Medical Research Council. The Malawi National Health Science Research
Committee waived the need for formal ethics approval on the grounds that this was
programmatic work [24–26].

With respect to TB case detection, the key findings are shown in Table 4. In all three
countries, the overall numbers of people presenting with presumptive PTB for investigation
decreased, as did the numbers diagnosed with TB and registered for treatment.

Table 4. Numbers with presumptive PTB and registered TB in the pre-COVID-19 and COVID-19 periods in Kenya, Malawi
and Zimbabwe.

Numbers Recorded
with Presumptive PTB

Pre-COVID-19
March 2019–February 2020

COVID-19
March 2020–February 2021

Difference % between Pre-
COVID-19 and COVID-19

Kenya 28,038 19,295 31.2% decrease

Malawi 11,271 6137 45.6% decrease

Zimbabwe 3270 1941 40.6% decrease

Numbers Diagnosed
and Registered with TB

Pre-COVID-19
March 2019-February 2020

COVID-19
March 20-February 2021

Difference % between
pre-COVID-19 and COVID-19

Kenya 3716 2676 28.0% decrease

Malawi 1822 1474 19.1% decrease

Zimbabwe 1078 715 33.7% decrease

PTB = pulmonary tuberculosis; TB = tuberculosis; adapted from [24–26].
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After the initial lockdown period, which lasted several months in the three countries,
measures to improve TB case detection were put in place. Using monthly comparative data
with the pre-COVID-19 period, the differences in numbers of patients with presumptive
and registered TB in the first 6-months of the COVID-19 period compared with the second
6-months of the COVID-19 period are shown in Table 5.

Table 5. Numbers with presumptive PTB and registered TB between first 6-months and second 6-months of COVID-19 in
Kenya, Malawi and Zimbabwe.

Numbers Recorded with
Presumptive TB

Percentage Difference Compared with Equivalent Pre-COVID-19 Period

COVID-19: First 6-Months
March 2020–August 2020

COVID-19: Second 6-Months
September 2020–February 2021

Kenya −53% +5%

Malawi −50% −40%

Zimbabwe −36% −45%

Numbers Diagnosed and Registered
with TB

COVID-19: first 6-months
March 2020–August 2020

COVID-19: second 6-months
September 2020–February 2021

Kenya −35% −20%

Malawi −23% −15%

Zimbabwe −30% −37%

PTB = pulmonary tuberculosis; TB = tuberculosis; adapted from [24–26].

In Kenya, there were considerable improvements, despite industrial strike action in
the health sector, which negatively affected the health services between November 2020
and January 2021. The interventions to improve TB case finding included: (i) integrated
screening and fast-tracking of investigations for TB and COVID-19 in patients presenting
with respiratory symptoms; (ii) active TB case finding in hot spots in the city; (iii) enhanced
TB case finding that included screening of TB through mobile phones using a dedicated
Unstructured Supplementary Service Data (USSD) dialling code, asking patients to dial into
a toll-free TB screening call centre operated by health care workers and use of automated
TB screening machines positioned at strategic spots in the community; (iv) active tracing of
close contacts of index patients and (v) improved TB screening amongst people living with
HIV [24].

In Malawi, there were modest improvements. The programme aimed to keep services
running; healthcare workers were asked to inquire about TB symptoms in those attending
out-patient departments proactively, and there was an active tracing of patients needing to
be registered [25].

In Zimbabwe, there was a deterioration in TB case finding services. The interventions
put in place included: (i) integrated screening and fast-tracking of investigations for TB
and COVID-19 in patients presenting with respiratory symptoms; (ii) improved contact
tracing in selected facilities; and (iii) the promotion of strict infection control practices at
health facilities to encourage symptomatic patients to attend. Unfortunately, the country
had widespread industrial strike action in the health sector between July and September
2020, and between December 2020 and January 2021, there were stock-outs of TB diagnostic
reagents, which greatly reduced the ability to diagnose TB [26].

In all three countries, the data collection was led and monitored by country coor-
dinators engaged explicitly for the study. They worked with a central monitoring and
evaluation coordinator at The Union to put together the monthly reports for each country.
In brief, two weeks after the end of each month, the TB and HIV data were collated, vali-
dated and presented in a monthly report as a series of figures, tables and narrative. These
were sent to the TB and HIV programme directors, usually within a week of putting the
data together, and shared with the study sites as well as all the other stakeholders involved
in the project. The TB programme directors reviewed the monthly surveillance reports,
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which they received within four weeks of the end of the month and used the data for
decision making. Cause and effect are difficult to disentangle from a study like this. Still,
it is likely that timely access to data helped the programmes’ efforts to maintain services
during this challenging time.

The three studies have helped shed light on additional ways to improve TB case
finding. Further innovative approaches that would benefit from real-time implementation
research during the COVID-19 pandemic might include: (i) the strengthening of sputum
specimen transportation to and from laboratories; (ii) the use of saliva as an alternative to
sputum for diagnosing TB and COVID-19; (iii) the use of adequately equipped mobile vans
with on-site Xpert MTB/RIF assays and ultraportable chest x-rays to provide diagnostic
outreach; (iv) the application of digital platforms and connectivity solutions to maintain
contact with patients during the lockdown periods and to ensure rapid delivery of test
results for those being investigated; and iv) mobilization of TB survivors to facilitate contact
tracing and active screening for TB in high-risk groups [27,28].

3. Making Real-Time Operational Research Happen and Ensuring It Is Effective

Real-time operational research, as discussed earlier, is more labour intensive than
research based around the collection of secondary data. There are a number of issues
that must be considered, discussed and agreed upon when planning and implementing
such studies.

3.1. Ethics

A sound ethics framework must underpin the research studies, with an understanding
that informed consent may be required from patients (this was deemed not to be needed in
any of the four TB case studies) and the benefits and risks of any intervention may need
careful assessment from a human rights perspective and the disease control programme
itself [29]. In the four case studies, ethics approval was always sought, although in some
cases, the National Scientific and Research Ethics Committee waived the need for a formal
ethics review.

3.2. Research Relevance and Prioritization at the Country Level

The research must be relevant and a priority for the country and the disease control
programme. The operational research studies in the four examples were all priorities for
the national TB programmes. Programme directors were kept closely in touch with the
data collection and analysis that occurred during the study and were all involved in the
stakeholder meetings at the conclusion of the study. As such, the results were influential in
shaping policy and practice on the ground and making a difference for the better.

Real-time operational research is beneficial in pandemic and epidemic situations where
countries are desperate to maintain routine health services despite numerous challenges.
The anticipated negative impact of COVID-19 on TB and HIV services in Kenya, Malawi
and Zimbabwe was a case in point, where monthly instead of quarterly surveillance was
welcomed and instituted by the disease control programmes to try and counteract the
dramatic decreases in TB case detection and HIV testing. The data were also used to assess
new strategies implemented to counteract the adverse effects of COVID-19 [24–26].

Another example is the Ebola Virus Disease (EVD) outbreak in Sierra Leone and
Liberia in 2014. Operational research carried out after the EVD outbreak showed the
adverse effects of EVD on the ability of the programmes to diagnose TB and provide HIV
testing [30,31]. While this research provided useful information about what to do in the
event of further EVD outbreaks, real-time operational research at the time of the 2014 EVD
outbreak might have helped the programmes better weather the storm, as was shown for
example with TB services in neighbouring Guinea [32].
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3.3. Research That Adheres to International Standards of the Conduct and Reporting of Research

The research, whether this is designed as a cross-sectional study, a cohort study or a
case-control study, must be conducted and reported according to international standard
guidelines [33]. The majority of the operational research studies that focus on quantitative
data are observational designs and should follow the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines [34]. Qualitative research
studies should follow the Standards for Reporting Qualitative Research (SRQR) [35] or
the consolidated criteria for reporting qualitative research (COREQ) guidelines [36]. The
four case studies on TB followed STROBE guidelines. Adherence to these quantitative and
qualitative guidelines ensures that the research is conducted and reported to international
standards and adds further credibility to the research study findings.

3.4. Comparison Groups

An important methodological consideration for real-time operational research is
whether or not to have a comparison group. In the first case study on the misregistration of
recurrent TB, the first published study had no comparison group. However, once guidelines
had been developed and disseminated, the first study acted as a comparison for the second
study to assess whether misregistration had decreased [8,10].

In the second case study, a package of counselling, HIV testing and adjunctive cot-
rimoxazole administered to a cohort of TB patients was compared with no package in a
cohort of TB patients registered the previous year (defined as a historical control) [13]. The
use of historical controls is acceptable, although it is important that the investigators clearly
outline any differences in the cohort composition and/or standards of care of patients
before and during the intervention that might affect the primary outcome.

Another way of using a control group is to select a concurrent comparison cohort
against which to judge the intervention results. For example, a study was done in Malawi
to assess TB treatment outcomes in a cohort of patients offered the package of HIV testing
and adjunctive cotrimoxazole in Thyolo district in 2001 and results compared with the
neighbouring Mulanje district during the same time where no such interventions were
offered to registered TB patients [37]. There was a significant increase in treatment success
and a significant decrease in mortality and other adverse outcomes in Thyolo than in
Mulanje district, with findings comparable to those of the original study conducted in
Thyolo district [13]. The use of concurrent controls is also acceptable, although care must be
taken to match the situation of the intervention and comparison groups as close as possible.

Not all operational research studies need comparison groups. The third case study
on screening TB patients for DM had no such group [21]. However, if the stakeholder
committee had decided on two different screening methods, then a comparison study
would have been needed.

3.5. Timely Collection and Sharing of Data

Consideration must be given to the timely collection, sharing and validation of data.
The first two case studies from Malawi [8,10,13] and the third from India [21] used paper-
based questionnaires and data collection forms for the primary data. All the investigators
were in the country, and there was no problem with the sharing of data. The fourth
case study, however, had investigators from several countries, and there was a need to
regularly check and validate the data between the overall monitoring and evaluation
coordinator based in India and the country coordinators based in Africa. Doing this with
paper-based records was going to be difficult, if not impossible. In the Kenya, Malawi and
Zimbabwe studies [24–26], an EpiCollect5 application (https://five.epicollect.net, accessed
on 7 June 2021) was therefore used to collect the aggregate data and this was used in real-
time to cross-check and validate data for the different variables and ensure that numbers
added up. EpiCollect5 is a free application that can be downloaded to smartphones, and it
was relatively easy to train all the data collectors in the country about how to use it.
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3.6. Dissemination and Getting Research into Policy and Practice

In the four case studies, key implementers carried out the research, but the decision-
makers in the Ministry of Health were involved right from the start in terms of conceptual-
ization, methodology, analysis and interpretation of the data and the writing and editing of
the final manuscript. Taking a research project from protocol to publication acts as a form
of quality control, demonstrating to investigators and key decision and policymakers that
the science is of a good standard and the findings reliable for making decisions [38]. The
publication is important and, particularly if Open Access journals are used, allows for the
widespread dissemination to national and international audiences.

Dissemination, for example, at a stakeholders’ meeting where decision and policy-
makers are present, is another essential part of sharing the findings and persuading people
to adopt the recommended changes to policy and practice. In the first three case studies, in-
terim stakeholder meetings with programme directors were held as the studies progressed,
and importantly they were also held within a few weeks or months of the studies being
completed leading to important national decisions being made long before the papers were
published [10,15,23]. In the fourth case study, the data were put together each month as
figures, tables and a narrative and sent as monthly reports to programme directors [24–26].
The monthly deadlines for submission were never missed, which allowed confidence to be
built into the system, especially for trying out and monitoring new strategies.

3.7. Research Capacity Building

Skill and experience are needed to plan and conduct real-time operational research.
Over the last 12 years, we have used the SORT IT (Structured Operational Research and
Training Initiative) model to build capacity in programmatic or public health officers in
low- and middle-income countries to undertake and publish operational research using
routinely collected data [39]. This has been remarkably successful, resulting in many
high-quality observational studies being undertaken and published in open access journals
and adhering to STROBE guidelines [40].

SORT IT courses are structured with three one-week modules over a fixed relatively
short period of 9–12 months, and as a result, most studies use routinely collected secondary
data. More thought will be needed to adapt the SORT IT model to real-time operational
research. This will require longer time periods between modules to ensure that (i) patient-
centred ethics approvals are obtained in time, (ii) investigators are properly trained in
the collection and validation of data and (iii) sample sizes are adequate to judge whether
interventions are effective.

The fourth case example [24–26] also shows how capacity can be built on the ground
in existing staff working on the front-line in health facilities. The Union central monitoring
and evaluation coordinator trained all existing staff in Nairobi, Lilongwe and Harare about
how to use EpiCollect5, useful knowledge not only for the study but also for future public
health work.

3.8. Funding

Funding is a key consideration. Operational research studies that use routinely
collected secondary data are simple and relatively inexpensive to do. Operational research
papers published through SORT IT courses, which included the capacity building and
the publication charges, cost under 7000 euro per paper when conducted and led by the
institutions without additional expertise costs [41].

Real-time operational research is likely to be more expensive. However, there are
opportunities for funding. The Global Fund to fight AIDS, TB and Malaria in recent
years has promoted the integration of operational research into country programmes
during the funding process [42], and encourages real-time operational research for more
effective uptake and use of proven interventions as well as research on the introduction
and deployment of new products in the field when they become available. More efficient
mechanisms, however, for accessing and deploying these funds are urgently needed.
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3.9. Operational Research across the Spectrum of Disease

We have focused this perspective article on real-time operational research around TB.
However, this type of research can be utilized for many other different diseases. A review
of published papers through the SORT IT model between 2009 and 2018 showed that while
45% of operational research projects were on TB, the remainder were on other communica-
ble diseases, non-communicable diseases, maternal and child health, trauma and health
care emergencies and access to care [40]. The UNICEF/UNDP/World Bank/WHO Special
Programme for Research and Training in Tropical Diseases (TDR) currently has a large
grant from the UK National Institute for Health Research (NIHR) to undertake and build
capacity in operational research around the growing threat of antimicrobial resistance
(AMR). Two SORT IT courses on AMR from Africa and Asia have recently been completed
with excellent publication outputs to date [43].

4. Conclusions

This perspective article defined the concept of real-time operational research. We
selected four examples from the field of TB to show how this type of research can be
implemented, with the findings in all four cases leading to important policy and practice
changes. Important considerations about how to undertake and publish real-time oper-
ational research, build capacity and find the necessary funding are discussed. Disease
control programmes, health services and health systems should include operational re-
search as one of their core activities both to improve the delivery of established health
interventions and to introduce and deploy new products and interventions as they become
available. This is particularly important when health services are threatened by pandemics
and epidemics.
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Abstract: When COVID-19 was declared a pandemic, there was concern that TB and HIV services
in Zimbabwe would be severely affected. We set up real-time monthly surveillance of TB and
HIV activities in 10 health facilities in Harare to capture trends in TB case detection, TB treatment
outcomes and HIV testing and use these data to facilitate corrective action. Aggregate data were
collected monthly during the COVID-19 period (March 2020–February 2021) using EpiCollect5 and
compared with monthly data extracted for the pre-COVID-19 period (March 2019–February 2020).
Monthly reports were sent to program directors. During the COVID-19 period, there was a decrease
in persons with presumptive pulmonary TB (40.6%), in patients registered for TB treatment (33.7%)
and in individuals tested for HIV (62.8%). The HIV testing decline improved in the second 6 months
of the COVID-19 period. However, TB case finding deteriorated further, associated with expiry of
diagnostic reagents. During the COVID-19 period, TB treatment success decreased from 80.9 to
69.3%, and referral of HIV-positive persons to antiretroviral therapy decreased from 95.7 to 91.7%.
Declining trends in TB and HIV case detection and TB treatment outcomes were not fully redressed
despite real-time monthly surveillance. More support is needed to transform this useful information
into action.

Keywords: COVID-19; Zimbabwe; Harare; presumptive tuberculosis; tuberculosis; TB treatment
outcomes; HIV; antiretroviral therapy; EpiCollect5; operational research

1. Introduction

In early January 2020, a new coronavirus, named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was linked to a series of atypical pneumonia cases reported
the previous month in Wuhan city, Hubei province, China. The virus spread rapidly
within China, and then onto Europe, the United States of America (USA) and the rest
of the world, causing the disease known as COVID-19. On 11 March 2020, the World
Health Organization (WHO) declared COVID-19 to be a global pandemic. By the end of
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2020, 80 million confirmed cases and 1.8 million deaths had been reported globally to the
WHO, making COVID-19 the leading cause of death among infectious diseases [1]. In
April 2020, one month after the pandemic had been declared, the epicenters were China,
Europe and the USA, and with large volumes of air traffic between these regions and Africa,
sub-Saharan Africa was predicted to be the next region to be hard hit by COVID-19 [2,3].

At the start of the COVID-19 crisis, political attention, resources and finances were
redirected within the health sector to help it grapple with the escalating numbers of
COVID-19 cases. National and local lockdowns restricted movement and forced people
to spend more time indoors, limiting access to health facilities. All of this raised concern
that countries with high burdens of tuberculosis (TB) and human immunodeficiency
virus/acquired immune deficiency syndrome (HIV/AIDS) might see interruption of health
services and poor quality of care for their patients [4]. Modeling studies suggested that
deaths due to HIV/AIDS and TB could increase by up to 10 and 20%, respectively, with the
greatest impact on HIV resulting from interruption to antiretroviral therapy (ART) and the
greatest impact on TB resulting from delayed diagnosis and treatment of new cases [5].

Similarities were drawn with the Ebola virus disease outbreak in Sierra Leone and
Liberia in 2014. Through restrictions in travel, zonal quarantines and understandable
community fear of health facilities, the ability of the national TB programs to diagnose
TB and continue with HIV testing of their TB patients was adversely affected, and, in
the case of Liberia, there was a decline in the rates of TB treatment success [6,7]. HIV
testing in the general population and in health facilities decreased in both countries,
although access to ART remained unaffected [8,9]. Early on in the COVID-19 pandemic,
the Stop TB Partnership and WHO issued guidance about how people with TB could
protect themselves and how national TB programs might adjust to COVID-19 outbreaks
and national/local lockdowns [10,11]. The United Nations Joint Programme on HIV/AIDS
(UNAIDS) provided similar advice and guidance to people living with HIV [12]. This
global advice was augmented by urgent calls for practical planning to tackle the growing
threat of COVID-19 in sub-Saharan Africa [13].

The first COVID-19 case reported to WHO by Zimbabwe was on 21 March 2020. By 15
April, Zimbabwe had reported 18 COVID-19 cases (with three deaths) [14], and the country
had gone into national lockdown. The impact that this would have on public health services
for the management of TB and HIV/AIDS was unknown. The Zimbabwe National TB
Programme (NTP) and National HIV/AIDS Programme (NAP) began preparations for the
continued delivery of TB-HIV services in this new environment of restricted movement [15].
The country also drew on the example of Guinea in West Africa, which garnered resources
to weather the Ebola virus disease storm and managed to maintain TB services despite
numerous obstacles [16].

The Zimbabwe NTP and NAP, working in close collaboration with the International
Union Against Tuberculosis and Lung Disease (The Union), the Special Programme for
Research and Training in Tropical Disease at WHO (TDR) and Vital Strategies, decided to
strengthen the routine and real-time monitoring and evaluation system for TB and HIV
case detection. The quarterly (3-monthly) recording and reporting system was supported
in selected health facilities in the capital city of Harare by recording and reporting every
month. It was hypothesized that if there were declines seen in persons presenting with
presumptive TB or in numbers registered and treated for TB, or decreases in persons
presenting for HIV testing or in numbers of HIV-positive persons being referred for ART,
then programs could act more quickly on monthly information rather than quarterly
information to reverse these trends.

The overall aim of the study was to determine the impact of the COVID-19 pandemic
on TB case detection, diagnosis and treatment outcomes and on HIV testing and referral to
ART through strengthened real-time surveillance. In selected health facilities in Harare,
Zimbabwe, specific objectives were on a monthly basis to: (i) document the cumulative
monthly increase nationally in COVID-19 cases and deaths and the effects on general health
services; (ii) collect, collate and report on specific TB and HIV-related data during the
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COVID-19 period (March 2020 to February 2021), (iii) document any specific programmatic
responses at the national and local level to TB and HIV diagnosis and treatment during
the COVID-19 period and (iv) compare the findings during the COVID-19 period with
data collected and collated retrospectively during the pre-COVID-19 period (March 2019 to
February 2020).

2. Materials and Methods

2.1. Study Design

This was a cohort study using programmatically collected aggregate data.

2.2. Setting
2.2.1. General Setting: Zimbabwe and Harare

Zimbabwe is a low-income country in southern Africa with an estimated population
of 14.6 million in 2019 and a gross national income per capita of USD 1390 [17,18]. About
70% of the population live below the poverty line. Zimbabwe is among the top 14 countries
globally with a triple burden of TB, HIV and multidrug-resistant TB [19].

Harare is the capital city with an estimated population of 1.5 million [20]. The current
study took place in Harare for two main reasons. The majority of cases of COVID-19
came from this area at the onset of the pandemic, and travel around the country was
extremely difficult due to quarantine and prohibited travel outside of the city during the
initial lockdown. Harare city consists of 8 districts, that include 46 public health facilities,
of which 44 are under the Harare City Health Department. These provide general health
services integrated with TB and HIV services whilst the other two are government central
hospitals which provide specialized health services. Of the 44 public health facilities
under the Harare City Health Department, 13 are polyclinics which additionally provide
maternity services, 29 are satellite clinics and 2 are infectious disease hospitals (of which
one became reserved as the city’s COVID-19 isolation center). Through stratified non-
proportional sampling from each district, ten health facilities (nine polyclinics and one
satellite clinic) were selected from a list of high-volume health facilities based on more than
1000 patients receiving life-long ART as a proxy for the volume of presumptive TB patients
seen per year. The established staff who were already working in these sites delivering
general health services and TB and HIV services assisted with the monthly collection
of data.

2.2.2. TB and HIV Services

The diagnosis and treatment of TB and HIV/AIDS in Zimbabwe are the responsibility
of the NTP and the NAP, respectively, under the Ministry of Health and Child Care (MO-
HCC). People with symptoms suggestive of TB (typically, cough, fever, weight loss and
night sweats) are classified as having presumptive TB when they attend a health facility.
They are recorded as such in the presumptive TB register along with their demographic
details. In the Harare city clinics, sputum samples are collected and sent to an onsite
laboratory at each polyclinic, except satellite clinics that submit specimens to a laboratory
at the nearest polyclinic. In the laboratories, patient details and sputum results are entered
in the laboratory register. Investigations are carried out according to national and interna-
tional guidelines [21,22], using the Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA)
and/or sputum smear microscopy to establish a bacteriologically confirmed diagnosis of
pulmonary TB (PTB), and results are sent back for patient tracking.

Those patients with a negative sputum result but who still have TB-related symptoms
are referred to see a doctor at either of the two nearest infectious disease hospitals where
clinical assessments, radiography and other circumstantial evidence are used to establish a
diagnosis of clinically diagnosed PTB or extrapulmonary TB (EPTB). These patients are
started on TB treatment before referral back to their initial health facility for registration
and continuation of TB treatment. Patients with diagnosed TB are registered in the health
facility Directly Observed Treatment (DOT) register and started on anti-TB treatment
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in accordance with national and international guidelines [21,22]. In the selected health
facilities in Harare, patients with drug-susceptible TB (DS-TB) are treated and monitored
with the standard 6-month regimens, while those with the drug-resistant disease are treated
and monitored with MDR-TB regimens. Patients with drug-resistant TB were not included
in this study. Treatment outcomes are monitored, recorded and reported according to
international guidelines [23].

HIV testing takes place in public health facilities and is routinely offered to anyone
attending for care, including TB patients, according to national and international guide-
lines [24–26]. HIV testing is carried out using rapid testing algorithms in line with WHO
guidance, and test results are entered in the HIV Testing Services (HTS) register that is
placed at all health service delivery points. Once patients are diagnosed positive for HIV,
they are retested for verification of HIV diagnosis and, if confirmed HIV-positive, they are
then prepared and counseled for ART and referred for immediate start of ART regardless
of WHO clinical stage or CD4 cell count. Administration of an HIV screening tool for HIV
risk assessment before providing a rapid HIV test and use of HIV self-testing are measures
that have been scaled up recently to improve the HIV positivity yield.

There is generally good quality data capture and reporting for TB and HIV/AIDS at
all levels due to regular supervision by national program supervisors.

2.2.3. Data Monitoring, Recording and Reporting for the Study in Health Facilities
in Harare

Data were routinely collected daily by front-line health workers. They provided
services in each of the ten health facilities in Harare using the standard MOHCC monitoring
tools (presumptive TB register, sputum laboratory register, TB patient register and HTS
register), most of which were paper-based. One to two weeks after the end of each
month, the project country coordinator (KCT—who was appointed specifically for the
study) visited each site along with his team of trained data collectors. They collated the
individual data on TB and HIV variables for the previous month into monthly aggregate
data, which they then entered into a proforma developed using an EpiCollect5 application
(https://five.epicollect.net, accessed on 29 May 2021).

For TB treatment outcomes, the monthly cohorts of patients enrolled onto treatment
eight months previously were used—this allowed for six months of treatment to be com-
pleted and a further two months for outcomes to be validated and recorded in the registers.
For example, the October 2020 TB treatment outcome data were obtained for TB patients
enrolled and started on treatment in February 2020. This allowed for clear separation of
treatment cohorts in the pre-COVID-19 and COVID-19 periods.

National data on COVID-19 cases and deaths reported to WHO on the last day of the
month were obtained from WHO situation and epidemiological reports [1].

When the prospective monthly data were collected, a schedule and the same proce-
dures were used to collect retrospective data. For each month of the COVID-19 period
(March 2020 to February 2021), data were collected on TB and HIV parameters for a
matching period one year before the COVID-19 period (March 2019 to February 2020).

Once all prospective and retrospective data for the month had been entered into
EpiCollect5, they were checked and validated by both the project country coordinator and
the overall project monitoring and evaluation officer (PT) based at The Union. Data were
then presented in a monthly report as a series of figures and tables and narrative to the
directors of the NTP and NAP and to all other relevant stakeholders involved in the project.
Key policy or practice changes made at the local health facility or at the national level
during that month to explain and/or counteract the effects of COVID-19 on TB and HIV
parameters were recorded in a narrative table within the report. These monthly reports
were always sent and received by the national program staff within four weeks of closure
of that month to enable timely surveillance and possible action.
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2.3. Study Population

The study population included all patients presenting to TB services with presumptive
TB, all TB patients registered for DS-TB treatment and all persons tested for HIV between
March 2019 and February 2021; March 2020 to February 2021 was the COVID-19 period,
and March 2019 to February 2020 was the pre-COVID-19 period. We also included TB
patients registered for treatment eight months prior to the study period to assess treat-
ment outcomes.

2.4. Data Variables, Sources of Data and Timing of Data Collection

Data variables for TB included aggregate numbers of patients: with presumptive
PTB, stratified by male and female, adults (≥15 years) and children (<15 years); who
were diagnosed with bacteriologically positive PTB by either smear microscopy and/or
Xpert MTB/RIF; with registered TB, stratified by bacteriologically confirmed PTB, clinically
diagnosed PTB and EPTB; and with registered TB, who were newly tested for HIV in that
month after being diagnosed with TB—this excluded patients who already knew they were
HIV-positive or had recently been diagnosed HIV-negative. Standardized TB treatment
outcomes of those patients enrolled for treatment eight months previously were collected
and included—treatment success (a combination of those cured and those who completed
treatment with no sputum smear examination), lost to follow-up (LTFU), died, failed
treatment or not evaluated [23]. LTFU refers to a TB patient who did not start treatment or
whose treatment was interrupted for two consecutive months or more. Not evaluated is an
outcome given to those who transfer from one facility to another and for whom the final
treatment outcome is not recorded and also to those whose outcome is not recorded and
unknown to the reporting unit.

Data variables for HIV included: persons who were HIV tested at the health facili-
ties, stratified by male and female, adults (≥15 years) and children (<15 years); persons
diagnosed HIV-positive; and HIV-positive persons referred to ART services.

Sources of data were the presumptive TB register, the sputum laboratory register, the
TB patient register, and the HTS register. Prospective and retrospective data for the study
were collected between June 2020 and March 2021.

2.5. Analysis and Statistics

Aggregate data were entered in EpiCollect5, where they were checked and validated
in-country by the country coordinator and by The Union’s monitoring and evaluation
officer. Data were presented as frequencies and proportions, and comparisons were made
between the COVID-19 period and the pre-COVID-19 period. The percentage decline
in numbers during each month of the COVID-19 period was calculated relative to the
numbers during the same month of the pre-COVID-19 period. The relative percentage
differences observed between the first 6 months of COVID-19 (March to August 2020) and
the second 6 months of COVID-19 (September 2020 to February 2021) were also calculated.

3. Results

3.1. COVID-19 Cases and Deaths and General Effects on Health Services

COVID-19 cases and deaths as reported to WHO cumulatively increased to 35,994
and 1458, respectively, during the 12 months (see Figure 1).
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Figure 1. Cumulative number of COVID-19 cases and deaths in Zimbabwe between March 2020 and February 2021 as
reported to the World Health Organization.

From a general services perspective, there had been heightened economic decline in
Zimbabwe in the pre-COVID-19 period, especially towards the end of 2019 and start of
2020. This resulted in a series of health care worker strikes which affected service provision.
The introduction of flexible working hours in 2020 helped to restore health service delivery.
In March 2020, COVID-19 struck. There was a national lockdown between March and the
end of June 2020 and again from 6 January to 28 February 2021. During lockdowns, people
were not allowed to leave their places of residence, public transport ceased, there were
night curfews, health facilities shortened their working hours, and some health facilities
had to close due to either shortage of health care workers or if there was an outbreak of
COVID-19 within the facility. Only a few patients were allowed into health facilities at a
time, resulting in long waiting queues outside, which may have deterred patients from
coming to the health facilities. Between July and September 2020, there was industrial
strike action again in the health sector over the lack of personal protective equipment and
remuneration. Locum staff brought in to fill the gaps were not familiar with programmatic
activities, including recording and reporting. There was widespread community fear about
contracting COVID-19 or being diagnosed with COVID-19 at health facilities during the
whole period.

From a TB perspective, environmental health technicians, responsible for community
follow-up of TB patients while on treatment, were repurposed to COVID-19 activities.
Between 12 December 2020 and 11 January 2021, GeneXpert cartridges expired in some facil-
ities, and during this time clinic staff did not collect sputum specimens for TB investigation.

From an HIV perspective, voluntary male medical circumcision services (VMMC), which
provided HIV testing for a large number of male adolescents and men, stopped in March
2020 and remained closed for the next 12 months. There were stock-outs of HIV test kits in
July 2020, which remained a challenge intermittently for the next few months.

3.2. TB Case Finding, Diagnosis and Registration

There was an overall decrease in the numbers of persons presenting with presumptive
PTB (40.6%), people diagnosed with bacteriologically confirmed PTB (30.1%) and people
being registered for TB treatment (33.7%) in the COVID-19 period compared to the pre-
COVID-19 period (Table 1).
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Table 1. Characteristics of persons with presumptive pulmonary TB and registered TB in 10 health facilities in Harare,
Zimbabwe, during pre-COVID-19 and COVID-19 periods.

Numbers of Patients
Pre-COVID-19

Mar 2019–Feb 2020
N

COVID-19
Mar 2020–Feb 2021

N

Difference between
Pre-COVID-19 and COVID-19

%

Presumptive pulmonary TB: 3270 1941 ↓40.6
Adults (≥15 years) 3013 1849 ↓38.6

Children (<15 years) 181 52 ↓71.3
Male 1866 1150 ↓38.4

Female 1221 782 ↓36.0
Bacteriologically positive 442 309 ↓30.1

Positivity rate (%) (13.5%) (15.9%) ↑2.4% *
Registered TB: 1078 715 ↓33.7

Bacteriologically confirmed PTB 528 346 ↓34.5
Clinically diagnosed PTB 465 251 ↓46.0

Extrapulmonary TB 136 97 ↓28.7
Eligible for being newly HIV tested 586 423 ↓27.8

Newly tested for HIV (%) (95.1%) (90.3%) ↓4.8% *

* absolute change (increase or decrease); TB = tuberculosis; PTB = pulmonary tuberculosis; ↑ = increase; ↓ = decrease.

For presumptive PTB, the overall decrease was greater in children (71.3%) compared
with adults (38.6%), but almost similar between males (38.4%) and females (36.0%). The
yield of bacteriologically positive PTB in those investigated for presumptive TB increased
from 13.5 to 15.9%. The decline in those diagnosed and registered with TB was worse for
patients with PTB, and amongst those with pulmonary disease, it was worse for those with
clinically diagnosed PTB (46.0%). The proportion of TB patients tested for HIV remained
above 90%, although it declined from 95.1 to 90.3%.

The monthly numbers of persons presenting with presumptive PTB and registered TB
in the pre-COVID-19 and COVID-19 periods are shown in Figure 2A,B. The footnotes for the
Figures indicate the interventions that were put in place to counteract the downward trends.

Compared with the pre-COVID-19 period, the decline in presumptive TB in the first 6
months of COVID-19 (March to August 2020) was 35.8%, and this became greater in the
second 6 months (September 2020 to February 2021) when the decline was 45.5%. The
decline in registered TB in the first 6 months of COVID-19 was 29.9%, which also became
greater in the second 6 months when the decline was 37.5%.

3.3. TB Treatment Outcomes

The overall aggregate treatment outcomes between the pre-COVID-19 and COVID-19
periods are shown in Table 2. There was a decrease in treatment success from 80.9 to 69.3%,
mainly due to an increase in patients “not evaluated” (12.1%). Other program outcomes
were similar between the two periods.

The monthly treatment success rates in the pre-COVID-19 and COVID-19 periods are
shown in Figure 3. Interventions to reverse downward trends are indicated in the footnotes.
Compared with the pre-COVID-19 period, the decline in treatment success was 14% in the
first 6 months of COVID-19. This improved in the second 6 months when the decline was
7.8%. Treatment success particularly improved in January and February 2021 to 80 and
78%, respectively.
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(A) 

 
(B) 

Figure 2. (A): Monthly numbers of persons presenting with presumptive PTB in 10 health facilities in
Harare, Zimbabwe, during pre-COVID-19 and COVID-19 periods. (B): Monthly numbers of persons
presenting with registered TB in 10 health facilities in Harare, Zimbabwe, during pre-COVID-19
and COVID-19 periods. ↑ = increase; ↓ = decrease. Interventions applied from July 2020 onwards
to counteract the decline in numbers included: integrated screening of patients with respiratory
symptoms for TB and COVID-19; improved contact tracing of index patients with TB and COVID-19;
and strict infection control practices at health facilities which were promoted to try and encourage
symptomatic patients to attend.
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Table 2. Treatment outcomes of patients enrolled in TB treatment in 10 health facilities in Harare, Zimbabwe, during
pre-COVID-19 and COVID-19 periods.

Treatment Outcomes in Patients
Enrolled for TB Treatment

Pre-COVID-19
Mar 2019–Feb 2020

n

COVID-19
Mar 2020–Feb 2021

n

Difference between
Pre-COVID-19 and COVID-19

%

Enrolled for treatment: 1210 979
Treatment success (%) (80.9) (69.3) ↓11.6 *
Lost to follow-up (%) (2.0) (2.3) ↑0.3 *

Died (%) (4.3) (3.7) ↓0.6 *
Failed (%) (0.6) (0.4) ↓0.2 *

Not evaluated (%) (12.2) (24.3) ↑12.1 *

* absolute change (increase or decrease); TB = tuberculosis; ↑ = increase; ↓ = decrease; treatment outcome was considered “treatment
success” when the TB patient was either cured or had “treatment completed”. The success rate was calculated for the month-wise cohort
of TB patients commenced on treatment eight months prior to the reporting month (this takes account of six months of treatment to be
completed and another two months to finalize the recording of the final treatment outcome).

 
Figure 3. Treatment success amongst patients enrolled each month in 10 health facilities in Harare,
Zimbabwe, during pre-COVID-19 and COVID-19 periods. Enrollment occurred eight months prior
to the month of reporting (to allow for 6 months treatment and 2 months of follow-up and record the
final outcome); ↑ = increase; ↓ = decrease. The interventions applied from July onwards included:
medication refills given for longer periods and synchronized for TB and ART medications; attempts
to reduce the outcome “not evaluated”.

3.4. HIV Testing and Referral to ART

There was a large overall decrease in numbers tested for HIV between pre-COVID-19
and COVID-19 periods (Table 3). The overall decrease was greater for children (70.2%)
compared with adults (62.4%) and greater for males (79.1%) compared with females (53.6%).
There was a small relative increase in the HIV positivity rate from 6.0 to 8.1% and a small
decrease in the referral of HIV-positive persons to ART from 95.7 to 91.7% during the
COVID-19 period.
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Table 3. Characteristics of persons tested for HIV and referred to antiretroviral therapy in 10 health facilities in Harare,
Zimbabwe, during pre-COVID-19 and COVID-19 periods.

Characteristics
Pre-COVID-19

Mar 2019–Feb 2020
n

COVID-19
Mar 2020–Feb 2021

N

Difference between
Pre-COVID-19 and COVID-19

%

Underwent HIV testing at a health facility: 51,078 18,987 ↓62.8
Adults (≥15 years) 48,661 18,289 ↓62.4

Children (<15 years) 2316 691 ↓70.2
Male 18,278 3816 ↓79.1

Female 32,706 15,171 ↓53.6
Positive for HIV 3045 1547 ↓36.7

HIV positivity rate (%) (6.0%) (8.1%) ↑2.1 *
Referred to ART (%) (95.7%) (91.7%) ↓4.0 *

* absolute change (increase or decrease); ↑ = increase; ↓ = decrease; ART = antiretroviral therapy.

The monthly numbers tested for HIV in the pre-COVID-19 and COVID-19 periods are
shown in Figure 4.

 

Figure 4. Monthly numbers presenting each month for HIV testing in 10 health facilities in Harare,
Zimbabwe, during pre-COVID-19 and COVID-19 periods; ↑ = increase; ↓ = decrease. From August
2020 onwards, human resources support was given to the Ministry of Health by PEPFAR partners
(President’s Emergency Fund for AIDS Relief in Africa) by seconding direct service delivery nurses
to affected sites.

The number of people being HIV tested in health facilities was already declining in the
pre-COVID-19 period due to a number of factors that included: a shift from general HIV
testing to more targeted HIV testing using a screening tool to identify high-risk groups,
to identify those with a high lifestyle risk score assessment and to identify those who had
not been tested in the previous year; promotion of HIV self-testing, with the referral of
only those HIV-positive to the health facilities for confirmation of the result; and a greater
focus on index partner testing. As explained in the footnotes of Figure 4, human resources
support was provided to clinics from August 2020 onwards to sustain HIV testing services
and ART delivery. Compared with the pre-COVID-19 period, the decline in HIV testing
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in the first 6 months of COVID-19 was 62.8%, which was greater than the 37.6% decline
observed in the second 6 months.

4. Discussion

This is the first study in Zimbabwe to assess the impact of COVID-19 on TB and HIV
services in selected health facilities in Harare, the capital city. In summary, despite attempts
by the NTP, the NAP and other parts of the health sector to prepare for COVID-19 [15,27],
there was a large negative impact on almost all aspects of TB case detection, diagnosis and
treatment, as well as HIV testing. The referral of HIV-positive persons to ART was also
affected but only to a small degree. A health service already under strain was hit hard and
brought almost to its knees in the first 12 months of the COVID-19 pandemic [27].

With respect to TB program activities, the numbers of people presenting to health
facilities with presumptive PTB declined considerably over the 12-month COVID-19 period.
These findings were similar to those described in the early months of COVID-19 in clinics in
Tehran, Iran [28] and Nigeria [29], where lockdown restrictions, transportation difficulties
and community fear of health facilities were thought to hinder health facility access. There
was a corresponding decline in numbers diagnosed and registered with TB, in line with
reports from other countries where the decreases in TB case notifications in the early
months of COVID-19 compared with previous years were 48% in clinics in China [30], 48%
in clinics in Brazil [31] and 56% in India [32].

A modeling analysis at the start of the pandemic suggested that a 3-month suspension
of TB services due to COVID-19 lockdown followed by ten months restoration back to
normal would cause over five years an additional 1.2 million TB cases in India, 25,000
additional TB cases in Kenya and 4000 additional cases in Ukraine, mainly as a result of
the accumulation of undetected TB during lockdown [33]. Unfortunately, in Zimbabwe,
there was no restoration of services back to normal. On the contrary, from October 2020
to February 2021, there was a steady decline in numbers of persons with presumptive
PTB and registered TB, coinciding with the expiry of cartridges for Xpert MTB/RIF assays.
Sputum specimens were not collected for investigation, and patients with TB-related
respiratory symptoms stayed away. The one encouraging finding was an overall increase in
bacteriological positivity in the COVID-19 period compared with the previous year. There
are several possible explanations that include: (i) when laboratories were functioning and
reagents were available, standard laboratory operating procedures remained intact; (ii)
there was selective self-referral of only those who were really sick with TB; and (iii) patients
may not have had access to community TB testing services as a result of COVID-19, and
therefore those with TB came to Harare city health facilities for investigation.

TB treatment success rates declined during the COVID-19 pandemic. However, there
was some improvement in the second half of the year, and particularly in January and
February 2021, when outcomes were better than at the corresponding times before COVID-
19. The probable reason for better outcomes at this time was, as discussed earlier, a series
of health care worker strikes towards the end of the pre-COVID-19 period as a result of
heightened economic decline. This disrupted routine follow-up of TB patients on treatment,
resulting in a high number of patients not being evaluated.

With the onset of the COVID-19 pandemic, we were concerned that COVID-19 re-
strictions would hinder patients collecting anti-TB medications and compromise drug
adherence. However, the longer periods given between anti-TB drug refills and their
synchronization with ART medication refills made things easier for patients and partly
mitigated this challenge. The large proportion of patients “not evaluated” was a huge
challenge, compromising the program’s ability to record successful treatment outcomes.
This was partly due to the environmental health technicians responsible for following up
patients in the community being repurposed to COVID-19 activities. Concerted efforts,
however, were made to tackle this issue, and through human resources support from PEP-
FAR (the President’s Emergency Plan for AIDS Relief), treatment success rates considerably
improved in the last two months.
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With respect to HIV services, there was a significant decrease in numbers of people
presenting for HIV testing, although this did improve during the latter half of the COVID-
19 period. There were two main reasons for the large decline. First, the cessation of VMMC
services would have resulted in a large decline in males being HIV tested during this time.
Second, in April 2020, during the national lockdown, the MOHCC issued a directive for all
community-based HIV testing to be temporarily halted to minimize the risk of community
health workers and community members from contracting COVID-19. The improvement
in the latter half of the COVID-19 period may have been due to the strong support from
PEPFAR partners.

The overall reductions in HIV testing were similar to what has been observed in
Europe [34], the USA [35] and Africa [36]. It is likely, though, that we have overestimated
the COVID-19 impact on HIV testing because of Zimbabwe adopting a more targeted ap-
proach, promoting HIV self-testing and focusing on index HIV testing before the onslaught
of COVID-19. The increase in HIV positivity observed in the COVID-19 period in our study
is probably a result of this more targeted approach to identifying clients more at risk of
HIV. While referrals to ART decreased in the COVID-19 period, it was encouraging to see
that they were still maintained at over 90%.

There are several strengths to this study. First, the real-time monthly surveillance was
embedded within the routine services of the health facilities, and there was cross-checking
and validation of the data each month between the country coordinator and the overall
study monitoring and evaluation officer. We believe, therefore, that the data were accurate
and reflected programmatic practice in the field in Harare. Second, we used two 12-month
periods to compare data, thus accounting for seasonal changes that might have affected TB
case detection and HIV testing. Third, the conduct and reporting of the study were in line
with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [37].

However, there were some limitations. Our study was limited to health facilities
in Harare, and therefore may not be representative of Zimbabwe as a whole. The use
of aggregate quantitative data made it impossible to understand the cascade of care for
TB case detection and HIV testing during COVID-19. Further mixed-methods research
with both quantitative and qualitative analysis amongst TB patients themselves, as has
been conducted in Zambia [38], are needed to obtain a better idea of why patient access
to health services and health service delivery was so badly affected. We only assessed
referrals of HIV-positive persons to ART and did not document the initiation or retention
on ART. Previous studies have suggested that ART interruption has been a problem during
the COVID-19 pandemic [39]. It would have been interesting to assess this in Zimbabwe,
especially as interruption to ART is thought to be one of the most important determinants
of HIV-related mortality during the COVID-19 pandemic [40]. Finally, the official monthly
reports to WHO of COVID-19 cases and deaths may have underestimated the true burden
of COVID-19 in the country. A study on deceased people at the University Teaching
Hospital morgue in Lusaka, Zambia, found that just 9% of 70 people, who were confirmed
as having SARS-CoV-2 from postmortem nasopharyngeal swabs within 48 h of death, had
ever been tested before death [41]. This finding is unlikely to be confined to Zambia, and
large numbers of unreported cases and deaths due to COVID-19 are probably occurring in
other countries in Africa.

Despite these limitations, there are some important programmatic implications from
this study. First, the strengthened monthly surveillance system worked well with both
NTP and HIV program directors looking each month at the monthly reports and using the
data for decision making and suggesting interventions. The monthly data were also shared
with the ten health facilities through the country coordinator, and this enabled the health
facilities to implement interventions simultaneously. However, the monthly surveillance
and the interventions applied were insufficient to reverse the direct negative effects of
COVID-19 on services or the indirect effects such as industrial action and stock-outs of
diagnostic tests. Given the challenges both programs faced, it is remarkable that services

72



Trop. Med. Infect. Dis. 2021, 6, 94

were able to function at all, so without monthly surveillance, it might have been much
worse. The monthly surveillance as conducted in Harare required effort and external
support. If this became routine as desired, the NTP would require considerable investment,
probably involving electronic case-based reporting systems. Technical support by partners,
who have additional human resources to help, would be vital to get activities and services
back to normal.

Second, with COVID-19 likely to become endemic, there is an urgent need to bring TB
case detection and treatment outcomes back to pre-COVID-19 levels. This study suggested
that better contact tracing of TB patients and heightened attention to reducing the “not
evaluated” category were important interventions for TB case detection and TB treatment
outcomes. Support from PEPFAR partners also helped to support staff in ascertaining TB
treatment outcomes. There are several other suggestions about how TB services could
be sustained or improved in the face of the pandemic. These include: better integration
and screening of TB and COVID-19 at the health facility and community level; sharing
testing algorithms and multiplexing equipment such as GeneXpert platforms within the
laboratories; having robust procurement and delivery systems to avoid reagent stock-outs;
ensuring effective infection, prevention and control activities within health facilities; hav-
ing longer 3-month follow-up appointments for patient check-ups and drug collection;
providing health information education in health facilities and the community; and mobi-
lizing support networks of TB survivors and TB communities [42–44]. More use of digital
platforms for case finding, drug adherence, management of adverse drug reactions and
training have also been recommended as a way of rapidly restoring TB diagnosis, care
and prevention services [45]. The Zimbabwe NTP and MOHCC could consider which, if
any, of these innovative approaches might help, and might be feasible and cost-effective to
implement.

Third, HIV self-testing, index partner notification and home-based HIV testing services
have allowed HIV testing numbers in the COVID-19 era to rebound in some African
countries [46–48]. Zimbabwe is already moving in this direction. It is also vital to capture
all HIV testing and HIV test results outside of as well as within the health sector in order
to keep informed about what is happening and ensure that all HIV-infected persons are
able to initiate ART. Zimbabwe again is already implementing such an approach and is
tracking on a monthly basis facility and community distribution of HIV test kits, as well as
numbers tested for HIV along with their results. Further deployment of electronic data
capture systems will be important in this context.

Finally, the resources and funding that have been raised to fight the COVID-19 pan-
demic have been staggering. The proposed global financing systems that have been pro-
posed as a way of promoting and enabling science and product development in the health
sector [49] must be used and leveraged to help fight other diseases, TB and HIV/AIDS
included, so that we can stay on track to deliver on the Sustainable Development Goals
in 2030.

5. Conclusions

Using strengthened monthly real-time surveillance in 10 health facilities in Harare,
Zimbabwe, we documented that numbers of persons with presumptive PTB and registered
TB, treatment outcomes of patients enrolled on treatment and numbers being HIV tested
all declined during 12 months of the COVID-19 outbreak compared with 12 months pre-
COVID-19. The referral of HIV-positive persons to ART also declined, although they were
maintained at high levels throughout. Despite using the monthly data, the declining trends
in TB and HIV services could not be reversed because of on-going restrictions resulting
from the COVID-19 pandemic combined with industrial action in the health sector and the
expiry of certain diagnostic reagents. Suggestions have been made as to how to restore TB
case detection and HIV testing so that TB- and HIV-related morbidity and mortality can be
kept as low as possible during this difficult period.
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Abstract: When the COVID-19 pandemic was announced in March 2020, there was concern that TB
and HIV programme services in Malawi would be severely affected. We set up real-time monthly
surveillance of TB and HIV activities in eight health facilities in Lilongwe to see if it was possible
to counteract the anticipated negative impact on TB case detection and treatment and HIV testing.
Aggregate data were collected monthly during the COVID-19 period (March 2020–February 2021)
using an EpiCollect5 application and compared with monthly data collected during the pre-COVID-19
period (March 2019–February 2020); these reports were sent monthly to programme directors. During
COVID-19, there was an overall decrease in persons presenting with presumptive pulmonary TB
(45.6%), in patients registered for TB treatment (19.1%), and in individuals tested for HIV (39.0%). For
presumptive TB, children and females were more affected, but for HIV testing, adults and males were
more affected. During COVID-19, the TB treatment success rate (96.1% in pre-COVID-19 and 96.0%
during COVID-19 period) and referral of HIV-positive persons to antiretroviral therapy (100% in
pre-COVID-19 and 98.6% during COVID-19 period) remained high and largely unchanged. Declining
trends in TB and HIV case detection were not redressed despite real-time monthly surveillance.

Keywords: COVID-19; Malawi; Lilongwe; presumptive tuberculosis; tuberculosis; TB treatment
outcomes; HIV; antiretroviral therapy; EpiCollect5; operational research

1. Introduction

In early January 2020, a new coronavirus named “severe acute respiratory syndrome
coronavirus 2” (SARS-CoV-2) was identified in China as the cause of a cluster of atypical
pneumonia cases in Wuhan city, Hubei Province. The disease that it causes, coronavirus
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disease 2019 (COVID-19), then spread with frightening rapidity across the world. On 11
March 2020, the World Health Organization (WHO) declared COVID-19 to be a global
pandemic. One year later, over 113 million confirmed cases of COVID-19 and 2.5 million
deaths had been reported globally to WHO [1]. At the start of the pandemic, the epicentres
were in China, certain European countries, and the United States. The large volumes of air
traffic between these countries and Africa led to concerns that sub-Saharan Africa might be
hard hit by COVID-19 [2,3].

With enormous resources and finances being redirected to enable countries to cope
with the COVID-19 crisis and population lockdowns being imposed to prevent transmis-
sion of infection, there was anxiety at the beginning of the epidemic that countries with
high burdens of tuberculosis (TB) and human immunodeficiency virus/acquired immune
deficiency syndrome (HIV/AIDS) might not be able to provide uninterrupted and quality
health care services and people-centred care to their patients [4]. It was thought that
fear of COVID-19 and the inability of affected patients to move around would adversely
affect health-seeking behaviour and reduce access to the diagnosis and care of TB and
HIV/AIDS [5]. Modelling studies suggested that the burden of undetected TB would
increase dramatically [6]. These studies further suggested that deaths due to HIV/AIDS
and TB could increase by up to 10% and 20%, respectively, with the greatest impact on HIV
resulting from interruption to antiretroviral therapy (ART) and the greatest impact on TB
resulting from delayed diagnosis and delayed treatment of new cases [7].

Similarities were made with the Ebola virus disease outbreak in the West African
countries of Sierra Leone and Liberia in 2014. The widespread travel restrictions and
community fear of health facilities led to large decreases in the diagnosis of TB and, in
the case of Liberia, TB treatment success rates also declined [8,9]. In both countries, HIV
testing capabilities for the general population and for those in health facilities decreased,
although access to ART was maintained [10,11]. Early on in the COVID-19 pandemic, The
Stop TB Partnership and WHO issued guidelines about how people with TB could protect
themselves and how national TB programmes might maintain services when faced with the
COVID-19 crisis and population lockdowns [12,13]. The Joint United Nations Programme
on HIV/AIDS (UNAIDS) provided similar guidance to people living with HIV [14]. This
global advice was supported by urgent calls for practical planning to tackle the growing
threat of COVID-19 in sub-Saharan Africa [5,15].

We, therefore, set up a project to measure the impact of COVID-19 on TB and HIV
services in three sub-Saharan African countries, Kenya, Malawi, and Zimbabwe. This is
the report from Malawi.

The first three COVID-19 cases reported to WHO by Malawi were on 2 April 2020,
although the cases had been identified in-country during March. By 15 April, Malawi
had reported 16 COVID-19 cases with two deaths [16]. At that time, the severity of the
COVID-19 pandemic, its duration and the impact that it might have on public health
services for the control of TB and HIV/AIDS was unknown.

The National TB Programme and the National HIV/AIDS Programme in Malawi,
working in close collaboration with the International Union Against Tuberculosis and Lung
Disease (The Union), the Special Programme for Research and Training in Tropical Disease
at WHO (TDR) and Vital Strategies, therefore aimed at the early stage of the COVID-19
outbreak to strengthen routine and real-time monitoring and evaluation systems for TB
and HIV case detection and disease control. In selected health facilities in Lilongwe, the
capital city, the quarterly (3 monthly) recording and reporting system was augmented
by monthly recording and reporting. The hypothesis was that if there were decreases
in numbers of persons presenting with presumptive TB or being diagnosed, registered
and treated with TB or if there were decreases in numbers presenting for HIV testing or
numbers of HIV-positive persons being referred for ART, then programmes might be able
to act more quickly on monthly information to reverse these trends.

The overall aim of the study was to determine the impact of the COVID-19 pandemic
on TB and HIV programme services in eight selected health facilities in Lilongwe, Malawi,
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through strengthened real-time surveillance. Specific objectives were on a monthly basis to:
(i) document the monthly increase nationally in COVID-19 cases and deaths and the effects
on general health services; (ii) collect, collate, and report on specific TB- and HIV-related
data during the COVID-19 period (March 2020 to February 2021); (iii) document any
specific responses at the national and local level to TB and HIV diagnosis and treatment
during the COVID-19 period; and (iv) compare the findings during the COVID-19 period
with data collected and collated retrospectively during the pre-COVID-19 period (March
2019 to February 2020).

2. Materials and Methods

2.1. Study Design

This was a cohort study using aggregate data collected as part of programme activity.

2.2. Setting
2.2.1. General Setting: Malawi and Lilongwe

Malawi is a land-locked, low-income country in southern Africa with an estimated
population of 18 million and with 84% of people living in rural areas [17]. In 2019, the gross
national income per capita was USD 380 [18]. Malawi is among the top countries globally
with a high burden of TB and HIV/AIDS: in 2019, there were an estimated 27,000 people
with TB, of whom 13,000 were HIV positive [19], and there were 1 million people living
with HIV (PLHIV) of all ages [20].

Lilongwe is the capital city with a population of about 1 million, according to the 2018
national census [17]. The current study took place in Lilongwe because, at the onset of
the epidemic, the majority of cases of COVID-19 came from this city and because partial
national lockdown meant it was difficult to travel outside of the city to other regions in the
country. Eight health facilities were selected for the study. The selection was made based
on high numbers of patients with TB and persons attending for HIV testing and because
they were considered by the Lighthouse clinic, the national TB Programme and the national
HIV/AIDS Programme to be representative of health facilities within Lilongwe city. The
facilities included the central tertiary referral hospital, a secondary referral hospital-specific
for HIV/AIDS and including TB patients, one community hospital and five health centres.
All these health facilities were in the public sector domain and provided general health
services integrated with TB and HIV services. The established staff providing general
health and TB and HIV services were used to help with the monthly data collection.

2.2.2. TB and HIV Services

The diagnosis and treatment of TB and HIV/AIDS in Malawi are the responsibility
of the National TB Programme and the Department of HIV/AIDS under the Ministry of
Health. People with symptoms suggestive of TB (typically these include cough, fever,
weight loss, and night sweats) are classified as having presumptive TB when they attend
a health facility. Their names are recorded in the presumptive TB register, along with
their demographic details. Investigations are carried out according to national and inter-
national guidelines [21,22], using sputum smear microscopy and/or the Xpert MTB/RIF
(Cepheid, Sunnyvale, CA, USA) assay to establish a bacteriologically confirmed diagno-
sis of pulmonary TB (PTB). In patients not diagnosed by these methods, clinical assess-
ment, radiography, and other circumstantial evidence are used to establish a diagnosis
of clinically diagnosed PTB or extrapulmonary TB (EPTB). Diagnosed TB patients are
registered in the TB patient register with demographic and clinical details, given a unique
TB registration number and started on anti-TB treatment in accordance with national
and international guidelines [21,22]. In brief, patients take their treatment under direct
observation by family members or health clinic staff and come to the health facilities once
a month to collect drug supplies. The same process is used at all the health facilities.
In the selected health facilities in Lilongwe, patients with confirmed or presumed drug-
susceptible TB are treated and monitored with the standard 6-month regimen (2 months of
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rifampicin/isoniazid/pyrazinamide and ethambutol followed by 4 months of rifampicin
and isoniazid), and they were included in this study. Those with drug-resistant disease
were not included. Treatment outcomes are monitored, recorded, and reported according
to international guidelines [23].

HIV testing is institutionalized in the public health facilities, and provider-initiated
counselling and testing are routinely offered to anyone attending for care according to
national and international guidelines [24–26]. HIV testing is carried out using rapid testing
algorithms. All people diagnosed HIV-positive are referred to ART services for immediate
start of ART regardless of their WHO clinical stage or CD4-T lymphocyte cell count.

There is generally good-quality data capture and reporting for TB and HIV/AIDS at
all levels due to regular supervision and checking by national programme supervisors.
Some selected health facilities also benefit from additional supervision by staff of the
Lighthouse clinic.

2.2.3. Data Recording and Reporting for the Study in Health Facilities in Lilongwe

Data were routinely collected on a daily basis by programme staff in each of the eight
health facilities in Lilongwe using the standard existing monitoring tools (the presumptive
TB register, the sputum laboratory register, and the TB patient register—in which TB
treatment outcomes are recorded—and the HIV testing register), most of which were paper
based. Moreover, 1–2 weeks after the end of each month, health facility staff collated
individual data on TB and HIV variables for the previous month into monthly aggregate
data. These were then reviewed and validated by trained data collectors, and the aggregate
data were then entered into a data form developed using the EpiCollect5 application (https:
//five.epicollect.net, accessed on 4 May 2021). The process each month was supervised by
the project country coordinator (HT—appointed for the study).

For TB treatment outcomes, the monthly cohorts of patients enrolled on anti-TB
treatment 8 months previously were used—this allowed for 6 months of treatment to be
completed and a further 2 months for treatment outcomes to be validated and recorded in
the registers. For example, the November 2020 TB treatment outcome data were obtained
for the TB patients enrolled and started on treatment in March 2020. National data on
COVID-19 cases and deaths reported to WHO on the last day of each month were obtained
from WHO situation and epidemiological reports [16]. At the same time as the prospective
monthly data were being collected, a schedule and the same procedures were used to collect
retrospective data for the previous year. Data were collected on TB and HIV parameters for
each month of the COVID-19 period (March 2020 to February 2021) and were also collected
for the same parameters for the pre-COVID-19 period (March 2019 to February 2020).

Once all prospective and retrospective data for the reporting month were entered
into EpiCollect5, they were checked and validated by the project country coordinator and
the overall project monitoring and evaluation officer (PT) based at The Union. Data were
then presented in a monthly report as a series of figures and tables to the directors of the
national TB programme and national HIV/AIDS programme and to all other relevant
stakeholders involved in the project. Any changes made to policy and/or practice at the
local health facility or at the national level during that month to counteract the negative
effects of COVID-19 were recorded in a narrative table within the report. These monthly
reports were always sent and received by the national programme staff within 4 weeks of
closure of that month to enable timely surveillance and possible action.

2.3. Study Population

The study population included all patients presenting to the eight health facilities
in Lilongwe with presumptive pulmonary TB (PTB), patients diagnosed and registered
for anti-TB treatment, and all persons tested for HIV between March 2019 and February
2021: March 2020 to February 2021 was the COVID-19 period and March 2019 to February
2020 was the pre-COVID-19 period. For assessment of treatment outcomes, all TB patients
enrolled on TB treatment 8 months previously were considered.
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2.4. Data Variables, Sources of Data, and Timing of Data Collection

Data variables that were collected for TB included aggregate numbers of patients:
with presumptive PTB, stratified by male and female, adults (≥15 years) and children (<15
years); diagnosed with bacteriologically confirmed PTB by either smear microscopy and/or
Xpert MTB/RIF; registered for anti-TB treatment, stratified by bacteriologically confirmed
PTB, clinically diagnosed PTB, and EPTB. Standardized TB treatment outcomes of those
patients enrolled for treatment 8 months previously were collected and these included
treatment success (a combination of those cured with negative sputum smears and those
who completed treatment with no sputum smear examination), lost to follow-up, died,
failed treatment, or not evaluated [23]. Lost to follow-up is defined as a TB patient who did
not start treatment or whose treatment was interrupted for 2 or more consecutive months.
Not evaluated is an outcome given to TB patients where no outcome is declared. This
includes those who transfer from one facility to another and for whom the final treatment
outcome is not recorded. Data variables for HIV included persons who were HIV tested
at the health facilities, stratified by male and female, adults (≥15 years) and children
(<15 years); persons diagnosed HIV-positive; and HIV-positive persons referred to ART.
COVID-19 cases and deaths were those reported at the end of each month to WHO and
obtained from the WHO epidemiological and situational reports.

Sources of data were the Presumptive TB Register, the Sputum Laboratory Register,
the TB Patient Register, and the HIV Testing Register. Prospective and retrospective data
for the study were collected between June 2020 and March 2021.

2.5. Analysis and Statistics

Data were collected in aggregate form, presented as frequencies and proportions, and
comparisons were made between the COVID-19 period and the pre-COVID-19 period. The
percentage decline in numbers during each month of the COVID-19 period was calculated
relative to the numbers during the same month of the pre-COVID-19 period. Comparisons
of percentages of persons by age, gender, and test positivity for those presenting with
presumptive PTB and being HIV tested as well as the TB registration categories between the
two periods were made using the chi-square test and the p-values presented. Furthermore,
95% confidence intervals were also presented where appropriate. The relative percentage
differences observed between the first 6 months of COVID-19 (March to August 2020) and
the second 6 months of COVID-19 (September 2020 to February 2021) were also calculated
and presented in the narrative text.

3. Results

3.1. COVID-19 Cases and Deaths and General Effects on Health Services

COVID-19 cases and deaths as reported to WHO gradually increased to 31,798 and
1037, respectively, during the 12-month period (see Figure 1).

In terms of the general effects of COVID-19 on health services, the government of
Malawi declared a national disaster in March 2020 and ordered a national lockdown.
This was challenged in the High Court by the civil society, who were anxious about their
livelihoods, and a partial lockdown was then put in place from 23 March to 9 October
2020. This included travel restrictions, a suspension of public meetings, health facilities
being asked to restrict numbers of patients accessing the premises, and closure of some
HIV testing service delivery points. In response to a dramatic increase in notified COVID-
19 cases, on 17 January 2021, the government again ordered a full national lockdown
(which was not challenged by civil society), and this included a night-time curfew. During
these times, there was widespread community fear about contracting COVID-19 and being
diagnosed with the disease, and there was a large decline in general out-patient attendances
between January and February 2021.
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Figure 1. Cumulative number of COVID-19 cases and deaths in Malawi between March 2020 and February 2021 as reported
to the World Health Organization.

3.2. TB Case Finding, Diagnosis, and Registration

There was an overall decrease in persons presenting with presumptive PTB (45.6%),
being diagnosed bacteriologically positive (2.6%) and registered for TB treatment (19.1%)
in the COVID-19 period compared with the pre-COVID-19 period (Table 1).

Table 1. Characteristics of persons with presumptive pulmonary TB and registered TB in eight selected health facilities in
Lilongwe, Malawi, during pre-COVID-19 and COVID-19 periods.

Characteristics
Pre-COVID-19

Mar 2019 to Feb 2020
N

COVID-19
Mar 2020 to Feb 2021

N

Difference between
Pre-COVID-19 and COVID-19

% (p-Value or 95%CI)

Presumptive pulmonary TB: 11,271 6137 ↓ * 45.6

Adults (≥15 years) 10,657 5958 ↓44.1 * (<0.001)

Children (<15 years) 484 156 ↓67.8 * (<0.001)

Male 5787 3508 ↓39.4 * (<0.001)

Female 5479 2628 ↓52.0 * (<0.001)

Bacteriologically positive 652 635 ↓2.6 * (<0.001)

Positivity rate (%) (5.8%) (10.3%) ↑4.5% * (3.6–5.4%)

Registered TB 1822 1474 ↓19.1 *

Bacteriologically confirmed PTB 821 625 ↓23.9 * (0.13)

Clinically diagnosed PTB 475 394 ↓17.1 * (0.67)

Extrapulmonary TB 611 454 ↓25.7 * (0.10)

* Absolute change (increase or decrease); TB = tuberculosis; PTB = pulmonary tuberculosis; CI = confidence interval.
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For those with presumptive PTB, the overall decrease was greater in children (67.8%)
compared with adults (44.1%) and greater in females (52.0%) compared with males (39.4%).
While the absolute numbers diagnosed bacteriologically positive were almost similar in the
two periods, the bacteriological positivity rate nearly doubled (from 5.8% to 10.3%). For
those with registered TB, the overall decrease was almost similar between bacteriologically
positive PTB (23.9%) and EPTB (25.7%) and less pronounced for clinically diagnosed PTB
(17.1%).

The monthly numbers presenting with presumptive PTB and registered TB in the
pre-COVID-19 and COVID-19 periods are shown in Figures 2 and 3. The TB programme
attempted to keep TB services running, and from November 2020 onwards, it asked
health care workers to pro-actively screen those attending outpatients for TB symptoms.
Compared with the pre-COVID-19 period, the decline in presumptive PTB in the first
6 months of COVID-19 was 49.7% which was greater than the 40.0% decline in the second
6 months. The decline in registered TB in the first 6 months of COVID-19 (March 2020 to
August 2020) was 22.6%, which was greater than the 15.2% decline in the second 6 months
(September 2020 to February 2021).

Figure 2. Numbers presenting each month with presumptive PTB in eight health facilities in Lilongwe, Malawi, during the
pre-COVID-19 and COVID-19 periods. From October 2020 onwards, health workers were asked to pro-actively ask about
symptoms of TB in those attending outpatient departments; there was an active tracing of patients needing to be registered.
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Figure 3. Numbers presenting each month with registered TB in eight health facilities in Lilongwe, Malawi, during the
pre-COVID-19 and COVID-19 periods. From October 2020 onwards, health workers were asked to pro-actively ask about
symptoms of TB in those attending outpatient departments; there was an active tracing of patients needing to be registered.

3.3. TB Treatment Outcomes

The overall aggregate treatment outcomes between the Pre-COVID-19 and COVID-
19 periods are shown in Table 2. Treatment success was almost similar between the
two periods, with small but insignificant differences in the other four adverse treatment
outcomes (lost to follow-up, death, failed treatment, and not evaluated).

Table 2. Treatment outcomes of patients enrolled in TB treatment in eight selected health facilities in Malawi, during
pre-COVID-19 and COVID-19 periods.

Treatment Outcomes
Pre-COVID-19

Mar 2019–Feb 2020
COVID-19

Mar 2020–Feb 2021

Difference between Pre-COVID-19 and
COVID-19
% (95% CI)

Enrolled for treatment: 1915 1615

Treatment success (%) (96.1) (96.0) ↓0.1 * (↓1.4 to ↓1.2)

Lost to follow-up (%) (0.8) (0.8) 0 (↓0.6 to ↑0.6)

Died (%) (2.1) (1.5) ↓0.6 * (↓1.4 to ↑0.3)

Failed (%) (0.2) (0.4) ↑0.2 * (↑0.6 to ↓0.2)

Not evaluated (%) (0.9) (1.2) ↑0.3 * (↑1.0 to ↓0.3)

* Absolute change (increase or decrease); TB = tuberculosis; CI = confidence interval; p-value for treatment outcomes = 0.25. ‘Treatment
success’ was defined if the TB patient was either cured or had ‘treatment completed’. The success rate and other treatment outcomes were
calculated for the month-wise cohort of TB patients who commenced on treatment 8 months prior to the reporting month (this accounts for
6 months of treatment being completed and another 2 months for finalizing the recording of outcomes).
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The monthly treatment success rates in the pre-COVID-19 and COVID-19 periods
are shown in Figure 4. Treatment success was 93% or higher during the two 12-month
periods as a result of active follow-up of patients and ensuring complete recording of
outcomes as possible. Compared with the pre-COVID-19 period, there was an increase in
treatment success in the first 6 months of COVID-19 (March 2020 to August 2020) of 0.8%,
which was similar to the 0.7% increase observed in the second 6 months (September 2020
to February 2021).

 
Figure 4. Treatment success amongst those enrolled each month in eight health facilities in Lilongwe,
Malawi, during pre-COVID-19 and COVID-19 periods. Enrolment occurred 8 months prior to the
month of reporting (to allow for 6-months treatment and 2-months to follow-up and record the
final outcome).

3.4. HIV Testing at Health Facilities and Referral to ART

Results are shown in Table 3. There was an overall decrease (39.0%) in the numbers of
persons tested for HIV in the COVID-19 period compared with the pre-COVID-19 period.
Part of this decline was associated with increased distribution of HIV self-test kits from
May 2020 onwards (where facilities then only performed confirmatory testing on those
found HIV positive) and intensified use of a verbal screening tool to identify persons more
likely to be HIV positive. The overall decrease in HIV testing was greater in adults (40.4%)
than in children (13.5%) and greater in males (42.9%) than females (37.3%). While there
was an overall decline in the number of persons diagnosed HIV positive (30.4%), the HIV
positivity rate increased slightly in the COVID-19 period (0.4%), possibly as a result of
the measures described above. The numbers of HIV-positive persons referred to ART was
high (100%) in the pre-COVID-19 period, although this decreased slightly by 1.4% in the
COVID-19 period.
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Table 3. Characteristics of persons tested for HIV and referred to antiretroviral therapy in eight health facilities in Lilongwe,
Malawi, during the pre-COVID-19 and COVID-19 periods.

Characteristics
Pre-COVID-19

Mar 2019 to Feb 2020
N

COVID-19
Mar 2020 to Feb 2021

N

Difference between
Pre-COVID-19 and

COVID-19
% (p-Value or 95%CI)

Underwent HIV testing at the facility: 210,057 128,153 ↓39.0 *
Adults (≥15 years) 199,030 118,615 ↓40.4 * (<0.001)

Children (<15 years) 11,027 9538 ↓13.5 * (<0.001)
Male 62,896 35,944 ↓42.9 * (<0.001)

Female 147,161 92,209 ↓37.3 * (<0.001)
Positive for HIV 7040 4900 ↓30.4 * (<0.001)

HIV-positivity rate (%) (3.4%) (3.8%) ↑0.4% * (0.3–0.5%)
HIV-positive persons referred to ART (%) (100%) (98.6%) ↓1.4% * (1.1–1.7%)

* Absolute change (increase or decrease); ART= antiretroviral therapy; CI = confidence interval.

The monthly numbers tested for HIV in the pre-COVID-19 and COVID-19 periods are
shown in Figure 5. Compared with the pre-COVID-19 period, the decline in HIV testing in
the first 6 months of COVID-19 (March 2020 to August 2020) was 46.4%, which was greater
than the 31.1% decline observed in the second 6 months (September 2020 to February 2021).

 

Figure 5. Numbers presenting each month for HIV testing in eight facilities in Lilongwe, Malawi,
during pre-COVID-19 and COVID-19 periods. HIV services resumed after lockdown; HIV testing
was also offered to contacts of HIV-positive index clients.

4. Discussion

This is the first study in Malawi to assess the impact of COVID-19 on TB and HIV
services in selected health facilities in Lilongwe, the capital city. In summary, there was a
large negative impact on TB case detection and HIV testing, while TB treatment outcomes
for those enrolled to anti-TB treatment and the referral of HIV-positive persons to ART
were essentially unaffected.

With respect to TB programme activities, the number of people presenting to health
facilities with presumptive PTB declined considerably over the 12-month COVID-19 period,
the negative effect being worse in the first 6 months compared with the second 6 months
of the COVID-19 period. Children and women were particularly affected. There is little
information in the literature to explain these findings, so the reasons have to be speculative.
A qualitative study in neighbouring Zambia found that patients recently diagnosed with TB
during the COVID-19 pandemic were very concerned about contracting COVID-19 during
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clinic visits, perceiving the disease to be highly transmissible, deadly, and without effective
treatment [27]. It is possible that these concerns were felt more keenly amongst mothers
and their children, thus reducing the desire of the family unit to attend health facilities.
A large decline in children being admitted to and diagnosed with TB in two hospitals in
Johannesburg, South Africa, during COVID-19 would support this hypothesis [28]. The
decline in persons presenting with presumptive PTB was similar to what was observed
in the early months of COVID-19 in clinics in Tehran, Iran [29], and Nigeria [30], where
transportation difficulties, as well as community fear of health facilities, were thought to
hinder health facility access.

The bacteriological positivity rate in those being investigated for presumptive PTB in
our study was almost twice as high in the COVID-19 period compared with the previous
year, and this may partly explain the less severe decline observed in cases diagnosed
and registered with TB. This finding suggests the possibility that those with more severe
symptoms and who were more likely to have TB continued trying to access health facilities
and that laboratory operating procedures remained relatively intact during the COVID-
19 period.

There was a decline in the number of people registered for TB treatment. These
findings are also in line with reports from elsewhere where the decreases in TB case
notifications in the early months of COVID-19 compared with previous years were 48% in
clinics in China [31], 48% in clinics in Brazil [32], and 56% in India [33].

A recent report on 84 countries from WHO showed an overall 21% decrease in TB
case notifications in 2020 compared with 2019 [34], attributed essentially to the COVID-19
pandemic. A modelling analysis at the start of the pandemic suggested that a 3-month
suspension of TB services due to COVID-19 lockdown followed by 10 months restoration
back to normal would cause over a 5 year period an additional 1.2 million TB cases in
India, 25,000 additional TB cases in Kenya, and 4000 additional cases in Ukraine, mainly as
a result of the accumulation of undetected TB during lockdown [6]. A further modelling
study in high-burden, low-income, and middle-income countries predicted a 20% increase
in TB mortality, with most of this occurring as a result of reductions in timely diagnosis
and treatment of new cases of TB [7]. These statistics, worrying as they are, were obtained
early on in the pandemic when it was hoped that service disruption would be temporary.
The reality, however, is that service disruption in Malawi has continued throughout the
year and is likely to continue into 2021 and beyond, with even worse impacts on the TB
epidemic than originally forecasted.

On an encouraging note, however, TB treatment success rates were maintained at high
levels during the COVID-19 pandemic. These high rates above 90% were surprising but
were verified each month with the TB programme and the Lighthouse staff. It is possible
that the smaller number of patients enrolled on treatment during the COVID-19 period
made the workload of follow-up easier. At the start, we had been concerned that COVID-19
restrictions would hinder patients collecting anti-TB medications, would compromise drug
adherence, and reduce the ability of TB programme staff from obtaining information about
final treatment outcomes. Patients coinfected with TB and COVID-19 are at increased risk
of death [35,36], and we also had concerns that there might be TB patients with undetected
COVID-19, and this might increase TB treatment deaths. Fortunately, this was not the case
in our study, and there was a slight decrease in the risk of death.

With respect to HIV services, there was a significant decrease in numbers presenting
for HIV testing, this improving slightly during the latter half of the COVID-19 period. This
is similar to the reductions in HIV testing that have been observed in Europe [37], the
United States [38], and Africa [39]. The fall-off in HIV testing threatens access to diagnosis
and treatment of people living with HIV that, in turn, could result in excess HIV-related
deaths and ongoing transmission of HIV in the community. The increase in HIV-positivity
observed in the COVID-19 period in our study is probably a result of health facility testing
being more directed to targeted testing of high-risk groups and the confirmation of positive
results in those identified HIV-positive through self-testing. It was encouraging to see that
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referrals to ART were maintained at a very high level over the whole 24 months, with
only a slight decrease in the COVID-19 period. Again, this reflects the fact that any person
diagnosed HIV positive is now eligible for ART.

This study had several strengths. First, the real-time monthly surveillance was em-
bedded within the routine services of the eight health facilities. Second, there was cross-
checking and validation of the data each month between the country coordinator and the
overall study monitoring and evaluation officer, and we believe, therefore, that the data
are accurate. Third, we used two 12-month periods to compare data, and this enabled us
to account for any seasonal changes that might have affected access to health facilities,
e.g., during the rainy season. Finally, the conduct and reporting of the study were in line
with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [40].

There were, however, some limitations. Our study was limited to health facilities
in Lilongwe, and therefore may not be representative of Malawi as a whole. The use of
aggregate data limits our understanding of the cascade of care for TB case detection and
HIV testing. We only assessed referral to ART and did not document whether ART was
initiated or whether patients were retained on treatment once it had started. Previous
studies have suggested that ART interruption has been a problem during the COVID-19
pandemic [41]. It would have been interesting to assess this in Malawi, especially as
an interruption to ART is thought to be the most important determinant of HIV-related
mortality during the COVID-19 pandemic [42]. Finally, the official monthly reports to WHO
of COVID-19 cases and deaths may have underestimated the true burden of COVID-19
in the country. A study on deceased people at the University Teaching Hospital morgue
in Lusaka, Zambia, found that just 9% of 70 people who were SARS-CoV-2 confirmed
from postmortem nasopharyngeal swabs within 48 h of death had ever been tested before
death [43]. It is likely that this type of finding is not confined to Zambia and that large
numbers of unreported cases and deaths due to COVID-19 are occurring in other countries
in Africa, including Malawi.

Despite these limitations, there are some important programmatic implications from
this study. First, the strengthened monthly surveillance system worked well with both
disease control programme directors looking each month at the monthly reports and using
the data. While there were improvements in TB case detection and HIV testing in the
latter half of the COVID-19 pandemic, there were still significant shortfalls in numbers,
and these could not be redressed or brought back to pre-COVID-19 levels. Whether
the inability to turn around this negative impact was due to ongoing anxiety and fear
amongst the community about attending health facilities and/or to continued restrictions
imposed by partial lockdown and then full lockdown is difficult to say and requires more
in-depth mixed-methods research. Monthly surveillance required effort and external
support, and while this was acknowledged to be useful during a crisis such as COVID-19,
both programme directors felt it would be difficult to sustain this as a routine activity.
Monthly surveillance in sentinel sites might be a less expensive way of doing this and
should be considered.

Second, with COVID-19 likely to become endemic, there is an urgent need to bring TB
case detection back to pre-COVID-19 levels. Several suggestions have been made about
how to do this. These include: integrating TB and COVID-19 control programmes in
terms of fast-tracking patients with respiratory symptoms for TB and COVID-19; screening
for both diseases at community and health facility level; sharing testing algorithms and
diagnostic equipment within the laboratories; ensuring effective infection, prevention, and
control activities within health facilities; having longer 3-month follow-up appointments
for patient check-ups and drug collection; providing health information education in health
facilities and the community; and mobilizing support networks of TB survivors and TB
communities [44–46]. More use of electronic platforms for case finding, drug adherence,
management of adverse drug reactions, and training has also been recommended as a way
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of rapidly restoring TB care and prevention services [47], and Malawi could consider all of
these innovative approaches.

Third, HIV self-testing and home-based HIV testing services have allowed HIV testing
numbers to rebound in some other African countries [48–50]. Malawi has already moved
in this direction with the scale-up of HIV self-testing and index testing, especially during
the second half of the COVID-19 period. This needs to continue while at the same time
ensuring that numbers and results are recorded and reported, so that HIV-infected persons
in need of ART do not slip through the net.

5. Conclusions

Using strengthened monthly real-time surveillance in eight health facilities in Li-
longwe, Malawi, numbers of persons with presumptive TB and registered TB, as well as
numbers tested for HIV, declined during 12-months of the COVID-19 outbreak compared
with 12-months pre-COVID-19. Successful TB treatment outcomes and the referral of HIV-
positive persons to ART were maintained at high levels, with COVID-19 having hardly any
negative impact. Unfortunately, declining trends in TB and HIV case detection were not
redressed with real-time monthly surveillance. Suggestions have been made as to how to
restore TB case detection and HIV testing so that TB- and HIV-related mortality can be kept
as low as possible during this difficult period.
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Abstract: There was concern that the COVID-19 pandemic would adversely affect TB and HIV
programme services in Kenya. We set up real-time monthly surveillance of TB and HIV activities in
18 health facilities in Nairobi so that interventions could be implemented to counteract anticipated
declining trends. Aggregate data were collected and reported monthly to programme heads during
the COVID-19 period (March 2020–February 2021) using EpiCollect5 and compared with monthly
data collected during the pre-COVID period (March 2019–February 2020). During the COVID-19
period, there was an overall decrease in people with presumptive pulmonary TB (31.2%), diagnosed
and registered with TB (28.0%) and in those tested for HIV (50.5%). Interventions to improve TB
case detection and HIV testing were implemented from August 2020 and were associated with
improvements in all parameters during the second six months of the COVID-19 period. During the
COVID-19 period, there were small increases in TB treatment success (65.0% to 67.0%) and referral of
HIV-positive persons to antiretroviral therapy (91.2% to 92.9%): this was more apparent in the second
six months after interventions were implemented. Programmatic interventions were associated with
improved case detection and treatment outcomes during the COVID-19 period, suggesting that
monthly real-time surveillance is useful during unprecedented events.

Keywords: COVID-19; Kenya; Nairobi; presumptive tuberculosis; tuberculosis; TB treatment out-
comes; HIV; antiretroviral therapy; EpiCollect5; operational research
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1. Introduction

On 11 March 2020, the World Health Organization (WHO) declared a global pandemic
of coronavirus disease 2019 (COVID-19), caused by a novel coronavirus named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). By the end of 2020, nearly 80 million
cases of COVID-19 and 1.8 million deaths had been reported globally to the organization [1].
In the first few months of the global pandemic, the epicenters of the pandemic were China,
Europe and the USA, and there was concern that Africa, with its large volume of air traffic
connections with these countries, would be the next region hit hard by COVID-19 [2,3].

At the beginning of the COVID-19 pandemic, political attention, healthcare work-
ers, resources and finances were directed to the health sector to enable it to cope with
the looming crisis. There was also quarantine, restricted movement and increased time
spent indoors by the general population. All of this led to concerns that countries with
high burdens of tuberculosis (TB) and human immunodeficiency virus/acquired immune
deficiency syndrome (HIV/AIDS) might be unable to provide uninterrupted and quality
healthcare services to their patients [4]. It was thought that health-seeking behavior and
access to care for affected patients might also be adversely affected [5].

Similarities were drawn with the Ebola virus disease outbreak in Sierra Leone and
Liberia in 2014, which took the two West African countries by surprise. Through restrictions
in travel, “no-touch” policies and community fear of health facilities, the ability of the
national TB programmes in these countries to diagnose TB and continue with HIV testing
of TB patients was adversely affected, and, in the case of Liberia, treatment success rates in
TB patients declined [6,7]. HIV testing capabilities for the general population decreased in
both countries, although access to antiretroviral therapy (ART) was maintained [8,9]. Early
on in the COVID-19 pandemic, The Stop TB Partnership and WHO issued guidance about
how people with TB could protect themselves and how national TB programmes might
adapt to the COVID-19 pandemic and national lockdowns [10,11]. UNAIDS provided
similar advice to people living with HIV [12]. This global advice was augmented by urgent
calls for practical planning to tackle the looming threat of COVID-19 in Africa [5,13].

We, therefore, set up a pilot project to measure the burden of COVID-19 and assess
its impact on TB and HIV services in three Sub-Saharan African countries, Kenya, Malawi
and Zimbabwe. This is the report from Kenya.

The first COVID-19 case reported to WHO by Kenya was on the 14 March 2020. By
15 April, Kenya had reported 216 COVID-19 cases (with nine deaths) [14]. How severe
the COVID-19 storm would be, how long it would last and what impact it would have on
public health services for TB and HIV/AIDS, was unknown. It was felt that being prepared,
however, was key to being able to cope. Guinea in West Africa, for example, weathered
the Ebola virus disease storm and managed to uphold TB services during this challenging
period [15].

Relevant public health authorities in Kenya (including the National Tuberculosis,
Leprosy and Lung Disease Programme (NTLD-P), the National AIDS & STI Control Pro-
gramme (NASCOP) and the Respiratory Society of Kenya), working in close collaboration
with the International Union Against Tuberculosis and Lung Disease (The Union), the
Special Programme for Research and Training in Tropical Disease at WHO (TDR) and
Vital Strategies (RESOLVE) therefore aimed at the early stage of the COVID-19 pandemic
to strengthen the routine and real-time monitoring and evaluation system for TB and
HIV case detection. The quarterly (every three months) recording and reporting system
was strengthened in selected health facilities in the capital city of Nairobi by recording
and reporting on TB and HIV parameters every month. We hypothesized that if there
were decreases in TB case detection, diagnosis and treatment, and reductions in persons
presenting for HIV testing or those diagnosed HIV-positive being referred for ART, then
programmes could act more quickly on monthly information than quarterly information to
try and reverse these trends.

The overall aim of the study was to determine the impact of the COVID-19 pandemic
on TB programme activities and HIV services through strengthened real-time surveillance
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in 18 selected health facilities in Nairobi, Kenya. The specific objectives were on a monthly
basis to: (i) document the increase in nationally reported cases and deaths due to COVID-19
and its effects on general health services; (ii) collect, collate and report on specific TB and
HIV-related parameters during the COVID-19 period (March 2020–February 2021), (iii)
document the programmatic responses to changes in TB and HIV diagnosis and treatment
during the COVID-19 period; and (iv) compare the findings with data collected and
collated for the same TB and HIV parameters during the pre-COVID-19 period (March
2019–February 2020).

2. Materials and Methods

2.1. Study Design

This was a cohort study using programmatically collected aggregate data.

2.2. Setting
2.2.1. General Setting: Kenya and Nairobi

Kenya is an East African country located along the Equator. The country is bordered
by Somalia, Sudan, Ethiopia, Uganda and Tanzania. In 2019, the population was estimated
at almost 53 million, with 32% living in urban areas, and life expectancy at birth was
estimated at 66 years [16,17]. The major drivers of the country’s economy have been
agriculture, fishing, forestry, education, retail trade, construction and financial services [16].
In 2019, the gross national income per capita was approximately USD 1750 [17].

Nairobi is the capital city and one of the 47 semi-autonomous counties in the country.
In 2019, it had an estimated population of 4.4 million. The current study took place
in the City County of Nairobi because nearly 80% of COVID-19 cases in Kenya were
reported from this area at the onset of the outbreak. The County of Nairobi is divided
into 10 TB control zones with just over 1000 registered health facilities [18]. To achieve
good county geographical representation, two well-established facilities from each of
these 10 TB control zones were purposively selected in consultation with the head of the
TB Programme and the County TB and Leprosy coordinator. Selected facilities had the
following on-site characteristics: TB diagnostic capability (smear microscopy and/or the
Xpert MTB/RIF® assay); TB treatment and monitoring services; HIV testing and ART
referral or treatment services.

The initial sites included seven hospitals, nine health centers and four dispensaries.
Two of these health facilities had to be excluded before starting. One health center on
the Kenyatta University Campus closed at the start of lockdown and remained closed
indefinitely thereafter. One of the hospitals required its own ethics approval for the study.
However, this was going to take too long and the hospital had to be excluded. This left
18 health facilities in total available for the duration of the study. The established staff who
were already working in these facilities delivering TB and HIV services helped with the
monthly collection of data.

2.2.2. TB and HIV Services

The diagnosis and treatment of TB and HIV/AIDS in Kenya are the responsibility
of the Ministry of Health. People with symptoms suggestive of TB (cough, fever, weight
loss and night sweats) are classified as having presumptive pulmonary TB (PTB). They
are recorded as such when attending a health facility, along with their demographic
details. Investigations are carried out according to national guidelines [19], using sputum
smear microscopy and/or the Xpert MTB/RIF® assay to establish a bacteriologically
confirmed diagnosis of PTB. In the other patients, clinical assessment, radiography and
other circumstantial evidence are used to establish a diagnosis of clinically diagnosed
PTB or extrapulmonary TB (EPTB). Patients with diagnosed TB (drug-susceptible and
drug-resistant) are registered and started on anti-TB treatment in line with national and
international guidelines [19,20]. Treatment outcomes are monitored, recorded and reported
according to international guidelines [21].
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HIV testing is institutionalized in the public health facilities and routinely offered to
anyone attending for care and also to TB patients according to national and international
guidelines [22,23]. HIV testing is carried out using rapid testing algorithms. Those diag-
nosed HIV-positive are referred to ART services for immediate start of ART regardless of
WHO clinical stage or CD4 cell count.

There is generally good quality data capture and reporting for TB and HIV/AIDS at
all levels due to regular supervision by county and national programme supervisors.

2.2.3. Data Monitoring, Recording and Reporting

For this study, we selected only patients with drug-susceptible TB who were treated
and monitored with the standard six month regimen [19,20]. Data were routinely collected
on a daily basis by healthcare workers in each study site using the standard existing
monitoring tools. These included: the TB presumptive and/or the TB laboratory register
for presumptive TB depending on the facility; the TB patient register for those diagnosed
and registered with TB and in which TB treatment outcomes were also recorded; and the
HIV Testing Services (HTS) Register in which those diagnosed HIV-positive and referred
for ART were recorded. These registers were mainly paper-based. One to two weeks
after the end of each month, the project country coordinator (IM—who was appointed
specifically for the study) visited each site along with her team of trained data collectors.
They collated the individual data on TB and HIV variables for the previous month into
monthly aggregate data, which they then entered into a data form developed using an
EpiCollect5 mobile application (https://five.epicollect.net, accessed on 19 April 2021).

For TB treatment outcomes, we took the monthly cohorts of patients who had been
enrolled onto treatment eight months previously – this allowed for six months of treatment
to be completed and a further two months for outcomes to be validated and documented in
the records. Thus, for example, the August 2020 TB treatment outcome data were obtained
for the TB patients enrolled and started on treatment in January 2020. National data on
COVID-19 cases and deaths reported to WHO on the last day of the month were obtained
from WHO situation and epidemiological reports [1]. When collecting the monthly data
during the COVID-19 period, the same procedures were used to collect data for the same
month one year previously (termed the pre-COVID-19 period).

Once all the data for the month had been entered into EpiCollect5, they were checked
and validated by the project country coordinator and the overall project monitoring and
evaluation officer (PT) based at The Union. Data were then presented in a monthly report
to the heads of the NTLD-P and NASCOP and all other relevant stakeholders involved in
the project. Key policy or practice changes made at the local facility, county, or national
level during that month to explain and/or counteract the effects of COVID-19 on TB and
HIV parameters were documented in a narrative table within the report. These monthly
reports always reached the national programme staff heads within four weeks of closure of
that month to enable timely surveillance and possible action.

2.3. Study Population

The study population included all patients presenting to TB services with presumptive
TB, all TB patients registered for TB treatment and all persons tested for HIV in 18 health
facilities in Nairobi, Kenya, between March 2019 and February 2021: the COVID-19 pe-
riod was designated as March 2020 to February 2021, and the pre-COVID-19 period was
designated as March 2019 to February 2020. For assessment of TB treatment outcomes,
we included TB patients who started on treatment from (i) August 2018 to July 2019
(pre-COVID-19 cohort) and (ii) August 2019 to July 2020 (COVID-19 cohort).

2.4. Data Variables, Sources of Data and Timing of Data Collection

Data variables for TB included aggregate numbers of presumptive PTB patients,
stratified by male and female and adults (≥15 years) and children (<15 years); presumptive
PTB patients who were diagnosed bacteriologically positive by either smear microscopy
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and/or Xpert MTB/RIF®; registered TB patients, stratified by bacteriologically confirmed
PTB, clinically diagnosed PTB and EPTB; registered TB patients who were newly tested
for HIV in that month after being diagnosed with TB—this excluded patients who already
knew they were HIV-positive; standardized TB treatment outcomes of those patients
enrolled for treatment eight months previously–these outcomes included treatment success
(a combination of those cured and those who completed treatment with no sputum smear
examination), lost to follow-up (LTFU), died, failed treatment or not evaluated [21]. Not
evaluated is an outcome given to those who transfer from one facility to another and for
whom the final treatment outcome is not recorded. Data variables for HIV included an
aggregate number of persons who were HIV tested, stratified by male and female and
adults (≥15 years) and children (<15 years); persons diagnosed HIV-positive; HIV-positive
persons referred to ART services.

Sources of primary individual data were the TB presumptive and/or TB laboratory
register, the TB patient register, and the HTS register. The national COVID-19 cases
and deaths reported to WHO on the last day of the month were obtained from WHO
situation and epidemiological reports [1]. Aggregate data were collected from the primary
data sources and uploaded to an EpiCollect5 application, where they were checked and
validated, and this was carried out between June 2020 and March 2021.

2.5. Analysis and Statistics

Aggregate data were presented as frequencies and proportions, and comparisons
were made between the COVID-19 period and the pre-COVID-19 period. The percentage
difference (decline or increase) in numbers during each month of the COVID-19 period was
calculated relative to the numbers during the same month of the pre-COVID-19 period. The
relative percentage differences observed between the first six months of COVID-19 (March
to August 2020) and the second six months of COVID-19 (September 2020 to February
2021) were also calculated.

3. Results

3.1. COVID-19 Cases, Deaths and General Effects on Health Services

There was a gradual increase in COVID-19 cases and deaths during the 12 months,
with 105,648 cases and 1,854 deaths reported to WHO by the end of February 2021
(Figure 1).
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Figure 1. Cumulative number of COVID-19 cases and deaths in Kenya between March 2020 and February 2021, as reported
to the World Health Organization.
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In terms of general effects on services, there was a national lockdown between March
2020 and the end of June 2020. The lockdown resulted in enforced travel restrictions,
shorter working hours and intermittent closures of health facilities (due to lack of personal
protective equipment and sickness of healthcare workers from COVID-19). Many staff,
including those working in TB and HIV, were repurposed for COVID-19 work. After the
period of lockdown, there was a widespread strike by health workers, many of whom
refused to come to work from November 2020 to January 2021. This resulted in some health
facilities having to temporarily close down or partially close down again. There had also
been previous widespread strike action in the health sector in the pre-COVID-19 period
from July to October 2019. Finally, there was widespread fear and stigma about COVID-19
in the community, with people reluctant to visit health facilities due to fear of contracting
COVID-19 and being diagnosed with the disease.

3.2. TB Case Finding, Diagnosis and Registration

There was an overall decrease in the aggregate numbers of persons presenting with
presumptive PTB and being diagnosed and registered with TB in the COVID-19 period
when compared to the pre-COVID-19 period (Table 1).

Table 1. Characteristics of persons with presumptive pulmonary TB and registered TB in 18 health facilities in Nairobi,
Kenya, during pre-COVID-19 and COVID-19 periods.

Characteristics
Pre-COVID-19

Mar 2019–Feb 2020
N

COVID-19
Mar 2020–Feb 2021

n

Difference between
Pre-COVID-19 and COVID-19

%

Presumptive Pulmonary TB (total) 28,038 19,295 ↓31.2

Adults (≥15 years) 23,264 16,917 ↓27.3

Children (<15 years) 4774 2378 ↓50.2

Male 12,221 9043 ↓26.0

Female 15,817 10,252 ↓35.2

Bacteriologically positive 2221 1411 ↓30.2

Positivity Rate (%) (7.2%) (7.3%) ↑0.1% *

Registered TB (Total) 3716 2676 ↓28.0

Bacteriologically confirmed PTB 1985 1335 ↓32.7

Clinically diagnosed PTB 1073 836 ↓22.1

Extrapulmonary TB 658 505 ↓23.3

Eligible for being newly HIV tested 3067 2259 ↓26.3

Newly tested for HIV (%) (94.7%) (93.0%) ↓1.7% *

* absolute change (increase or decrease); TB = tuberculosis; PTB = pulmonary tuberculosis.

For presumptive PTB, the overall decrease was greater in children (50.2%) than in
adults (27.3%) and greater in females (35.2%) than in males (26.0%). The yield of bacterio-
logically positive PTB in those investigated for presumptive TB increased (0.1%) marginally.
For registered TB, the overall decrease was greater in bacteriologically confirmed PTB
and was similar for the other two types (clinically diagnosed PTB and EPTB). The per-
centage of patients who were newly HIV tested out of those eligible for testing slightly
decreased (1.7%).

The monthly number of people presenting with presumptive PTB and those regis-
tered for TB in the pre-COVID-19 and COVID-19 periods are shown in Figure 2A,B. The
footnotes in the figures indicate the interventions put in place from August 2020 onwards
to counteract the downward trends. Compared with the pre-COVID-19 period, the decline
in presumptive TB in the first six months of the COVID-19 pandemic (March to August
2020) was 53.2%, which was very different to the 5.2% increase observed in the second six
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months (September 2020 to February 2021). The decline in registered TB in the first six
months of the COVID-19 pandemic was 34.7%, which was greater than the 19.9% decrease
observed in the second six months.

A 

B 
Interventions applied from August 2020 onwards to counteract the decline in numbers included: (i) 
integrated screening and fast-tracking of investigations for TB and COVID-19 in patients presenting 
with respiratory symptoms; (ii) active TB case finding in hot spots in the city; (iii) enhanced TB case 
finding that included screening of TB through mobile phones using a dedicated USSD dialing code, 
asking patients to dial into a toll-free TB screening call center staffed by healthcare workers and use 
of automated TB screening machines positioned at strategic spots in the community; (iv) active trac-
ing of close contacts of index patients; and (v) improved TB screening among people living with 
HIV. 

Figure 2. (A) Numbers presenting each month with presumptive PTB in 18 health facilities in Nairobi,
Kenya, during pre-COVID-19 and COVID-19 periods (B) Numbers presenting each month with
registered TB in 18 health facilities in Nairobi, Kenya, during pre-COVID-19 and COVID-19 periods.
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3.3. TB Treatment Outcomes

The overall aggregate treatment outcomes between the pre-COVID-19 and COVID-19
periods are shown in Table 2. There was a slight increase in treatment success in the
COVID-19 period (2.0%), mainly due to an overall decrease in patients “not evaluated”
(2.2%). Other adverse programme outcomes were similar between the two periods.

Table 2. Treatment outcomes in TB patients enrolled for treatment in 18 health facilities in Nairobi, Kenya, during pre-
COVID-19 and COVID-19 periods.

Treatment Outcomes in Patients
Enrolled for TB Treatment

Pre-COVID-19
Mar 2019–Feb 2020

n

COVID-19
Mar 2020–Feb 2021

n

Difference between
Pre-COVID-19 and COVID-19

%

Enrolled for treatment: 3640 2366

Treatment Success (%) (65.0) (67.0) ↑2.0 *

Loss to Follow-up (%) (7.3) (7.0) ↓0.3 *

Died (%) (4.2) (5.0) ↑0.8 *

Failed treatment (%) (0.8) (0.5) ↓0.3 *

Not evaluated (%) (22.7) (20.5) ↓2.2 *

* absolute change (increase or decrease); TB = tuberculosis; treatment outcome was considered “treatment success” when the TB patient
was either cured or had “treatment completed”. The success rate was calculated for the month-wise cohort of TB patients commenced
on treatment eight months before the reporting month (considering six months of treatment to be completed and another two months to
finalize the recording of outcomes).

The monthly treatment success rates in the pre-COVID-19 and COVID-19 periods are
shown in Figure 3. The footnotes indicate the interventions put in place from August 2020
onwards to counteract the downward trends. Compared with the pre-COVID-19 period,
the decline in treatment success in the first six months of COVID-19 was 2.5%, which was
very different to the 9.7% increase observed in the second six months.

 
Enrollment occurred eight months before the month of reporting (to allow for six months treatment 
and two months to follow-up and record the final outcome); interventions applied from August 
2020 onwards to counteract the decline in numbers included: (i) longer appointments for TB drug-
pick-ups; (ii) phone adherence counselling; (iii) home visits for missed appointments; and (iv) at-
tention made to reducing those “not evaluated” by proactively seeking information from the facili-
ties to which patients were transferred. 

Figure 3. Treatment success among those enrolled each month in 18 health facilities in Nairobi,
Kenya, during pre-COVID-19 and COVID-19 periods.
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3.4. HIV Testing Among Those Visiting the Health Facilities and Referral to ART

There was an overall aggregate decrease in numbers tested for HIV between the pre-
COVID-19 and COVID-19 periods (see Table 3). The overall decrease was greater in adults
(50.8%) than in children (43.0%) and almost the same between males (51.2%) and females
(50.2%). There was a slight increase in the HIV-positivity rate (1.1%), and the proportion of
those HIV-positive referred to ART (1.7%) in the COVID-19 period.

Table 3. Characteristics of persons tested for HIV and referred for antiretroviral therapy in 18 health facilities in Nairobi,
Kenya, during pre-COVID-19 and COVID-19 periods.

Characteristics
Pre-COVID-19

Mar 2019–Feb 2020
n

COVID-19
Mar 2020–Feb 2021

N

Difference between
pre-COVID-19 and COVID-19

%

People tested for HIV (Total): 150,155 74,287 ↓50.5

Adults (≥15 years) 145,040 71,374 ↓50.8

Children (<15 years) 5115 2913 ↓43.0

Male 48,546 23,698 ↓51.2

Female 101,609 50,589 ↓50.2

Positive for HIV 3819 2673 ↓30.0

HIV-Positivity Rate (%) (2.5%) (3.6%) ↑1.1 *

HIV-positive persons referred to ART (%) (91.2%) (92.9%) ↑1.7 *

* absolute change (increase or decrease); ART = antiretroviral therapy.

The monthly numbers tested for HIV in the pre-COVID-19 and COVID-19 periods
are shown in Figure 4. Numbers were already declining in the pre-COVID period due to
several factors that included: promotion of HIV self-testing, with the referral of only those
HIV-positive to the health facilities for confirmation of the result; a large number of people
already tested in the capital city through various testing campaigns; and more targeted
testing of high-risk groups. The decline in HIV testing stabilized once COVID-19 appeared.
The more targeted testing strategies and confirmation of HIV self-testing results might
have explained the increase in HIV positivity from March 2020 onwards.

 
Footnotes: interventions applied from August 2020 onwards to counteract the decline in numbers 
included: (i) vans used to deliver HIV services to key populations in their homes; (ii) community 
health volunteers reaching out to people who did not know their HIV status; (iii) HIV testing of 
partners of infected patients was increased; (iv) longer appointments for ART drug pick-ups; (v) 
treatment buddies who helped with collecting medicines for children; and vi) community deliver-
ies of ART. 

Figure 4. Numbers presenting each month for HIV testing in 18 health facilities in Nairobi, Kenya,
during pre-COVID-19 and COVID-19 periods.
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The HIV/AIDS programme implemented several interventions from August 2020
onwards to counteract the low numbers presenting for HIV testing (see Figure 4, footnotes).
Compared with the pre-COVID period, the decline in HIV-testing in the first six months of
COVID-19 was 59.6%, which was greater than the 39.8% decline observed in the second
six months.

4. Discussion

This is the first study in Nairobi, Kenya, to compare TB case detection, TB treat-
ment outcomes, HIV testing and referral to ART on a month-by-month basis between the
COVID-19 and pre-COVID-19 periods. There were three important findings, which require
explanation and interpretation.

First, with respect to TB programme activities, there was considerable variation in
TB case detection numbers during the pre-COVID-19 period. Numbers with presumptive
PTB increased between April and July 2019 (the summer months), and this is in line with
what usually happens each year at this particular time, both at national level and in the
city county of Nairobi (source: NTLD-P). From July to October 2019, however, there was
widespread strike action among the healthcare workers which severely affected health
services, including TB case finding which declined dramatically. When the strike action
was over, numbers with presumptive TB did not increase. There were two possible reasons
for this that included (i) TB case numbers between 2018 and 2019 already being in decline,
and this may have been part of the process, and (ii) community confidence in the health
sector being adversely affected and taking time to pick up. In contrast, numbers with
registered TB did increase, showing that the health services had returned to some degree
of normality.

In spite of these pre-COVID-19 variations, there was still an overall significant decline
in numbers presenting to the health facilities with presumptive PTB and in numbers being
diagnosed and registered with TB in the COVID-19 period. The expected upward trend in
TB case finding from April to July 2020 (the summer months) did not happen. Children and
women were particularly affected, maybe because there was more difficulty for mothers
and children to move around during lockdown and a heightened sense of fear for the
family about accessing health facilities. The national lockdown and the ongoing challenges
after lockdown, which included health facility closures and strike action in the health sector,
posed ongoing problems. While numbers with presumptive TB picked up in the second six
months of the COVID-19 period and particularly in the last month of the study, numbers
with registered TB remained below pre-COVID-19 levels throughout this time.

These findings of declines in TB case detection are similar to reports from other health
facilities and clinics in Nigeria [24], Brazil [25], China [26] and India [27]. Our study and
these clinic reports align with a recent report from WHO showing an overall 21% shortfall
in TB case notifications in 84 countries in 2020 compared with 2019 [28]. A modelling
analysis at the start of the pandemic suggested that a three month suspension of TB services
due to COVID-19 lockdown followed by ten months restoration back to normal would
cause over five years an additional 25,000 TB cases and 12,500 TB deaths in Kenya, mainly
as a result of the accumulation of undetected TB during lockdown [29]. A further modelling
study in high-burden, low- and middle-income countries predicted a 20% increase in TB
mortality, the greatest impact coming from reductions in timely diagnosis and treatment of
new TB cases [30]. However, these modelling studies were done early on in the pandemic
when there was hope that service disruption would be temporary. The reality is that
service disruption has continued throughout the year, and has been further exacerbated by
industrial action in the health sector, health facility closures and continued community fear
and stigma about COVID-19.

The city of Nairobi, therefore, has done well to introduce an array of innovative
measures such as integrated screening for TB and COVID-19, TB self-testing, active case
finding and contact tracing to mitigate the challenges. These seem to have paid off with
improvements in case detection and diagnosis in the later months of the COVID-19 period.

102



Trop. Med. Infect. Dis. 2021, 6, 74

The measures undertaken in Nairobi are in line with those recently recommended by the
Stop TB Partnership [31], which include screening patients with respiratory symptoms for
both TB and COVID-19, creating, developing and supporting networks of TB survivors
and TB communities and implementing real-time surveillance data.

Second, it was encouraging to see that while TB treatment success initially decreased,
it then picked up to between 70% and 80% in the last four months of the study. At the
start of the study, we were concerned that COVID-19 restrictions would prevent patients
from collecting anti-TB medications, compromise drug adherence and reduce the ability
of TB programme staff from obtaining information about final treatment outcomes. TB
patients with associated COVID-19 coinfection have an increased risk of mortality [32,33].
We were worried that undetected COVID-19 in our TB patients might increase TB deaths
during treatment. In the event, however, there was a minimal increase in the risk of
death. The TB programme implemented patient-centered measures to help patients comply
with treatment and adhere to medication, and attention was paid to reducing the “not
evaluated” treatment outcome. All these measures were associated with improvements in
treatment success.

Third, with respect to HIV services, there was already a marked decline in HIV
testing numbers at the health facilities in the pre-COVID-19 period. While the health
sector strike action between July and October 2019 played a part, there were additional
explanations. HIV testing had been institutionalized in public health facilities over the
years and many people visiting these facilities had already been HIV tested. NASCOP had
started promoting HIV-self testing, only doing confirmatory tests in health facilities for
those who had tested HIV-positive. The country was also moving towards a more targeted
HIV testing approach directed at high-risk groups as recommended for Sub-Saharan Africa
as a whole and for Kenya [34,35].

Despite the pre-COVID-19 decline, HIV testing numbers in health facilities remained
low during the 12 months of COVID-19. The reduction in numbers is similar to the
reductions in HIV testing volumes that have been documented in Europe, the USA and
other countries in Africa [36–39]. The decrease in HIV testing threatens access to diagnosis
and treatment, resulting in excess HIV-related deaths and ongoing transmission of HIV
in the community. HIV testing started to improve in the second six months, perhaps due
to implementing community outreach services for clients and the promotion of assisted
partner testing as recommended nationally [40]. It was encouraging to see that referrals
to ART were maintained above 90% over the 12 months, with a slight increase observed
during the COVID-19 period.

There were several strengths to this study. First, we embedded monthly surveillance
within the routine services of the health facilities. Second, there was cross-checking and
validation of monthly data between the country coordinator and the overall study monitor-
ing and evaluation officer. Third, we used two 12-month periods to compare data, which
enabled us to account for any seasonal changes that might affect access to health facilities.
Finally, the conduct and reporting of the study were in line with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines [41].

There were, however, some limitations. Our study was limited to health facilities
in Nairobi, and therefore may not be representative of Kenya as a whole. The use of
aggregate data meant it was impossible to fully understand the individual cascade of
care for TB case detection and HIV testing. We only assessed referral to ART and did
not measure initiation and retention on ART. Previous studies have suggested that ART
interruption has been a problem during the COVID-19 pandemic [42], and it would have
been interesting to assess this in Kenya. We also did not assess treatment outcomes of
patients with drug-resistant TB, but these patients would have been referred to other
centers where the ability to track outcomes might have been difficult with COVID-19
restrictions in place. Finally, the official monthly reports to WHO of COVID-19 cases and
deaths may have underestimated the actual burden, and therefore impact, of COVID-19
in the country. A seroprevalence study of anti-SARS-CoV-2 antibodies in Kenya between
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April and June 2020 estimated a crude national seroprevalence of 5.6%, with levels being
highest in the counties of Mombasa (8.0%) and Nairobi (7.3%) [43]. A study on deceased
people at the University Teaching Hospital morgue in Lusaka, Zambia, found that only
6 (9%) of 70 people, who had SARS-CoV-2 confirmed from postmortem nasopharyngeal
swabs within 48 hours of death, had ever been tested before death [44]. These data suggest
that there are many unreported cases and deaths due to COVID-19, a situation likely to be
present in many other African countries.

Despite these limitations, there are some important programmatic implications from
this study. First, the strengthened monthly surveillance system worked well with the
disease control programme heads appreciating and closely reviewing the monthly reports.
Although cause and effect are difficult to infer with this type of study, the frequent access
to data may have helped with the implementation of interventions on the ground to
counteract declining trends in TB case detection and treatment outcomes and HIV testing.
However, to continue with this system requires funding and resources, which would need
to be obtained.

Second, with COVID-19 likely to become endemic, TB and COVID-19 care and treat-
ment programmes need to think about further integration with respect to screening, labo-
ratory infrastructure and diagnosis, contact tracing and sound infection, prevention and
control measures, especially in health facility settings [45]. Resources permitting, more
consideration should be given to the use of digital platforms to facilitate case finding and
treatment [46]. Kenya also has a large private sector, which in the case of TB serves 20%
of all patients registered and treated in the country [47], and this must not be forgotten
when it comes to integration and innovation. HIV self-testing would undoubtedly fill a
significant gap in clinic-based HIV testing at a time of crisis such as this [34,35], but more
attention needs to be paid at the health facility level to recording and reporting on numbers
self-tested along with the results.

Finally, research into improving the responses to TB and HIV/AIDS amidst the
COVID-19 pandemic must continue [48]. This needs to be mainly focused on safely and
effectively delivering the key programme activities and ensuring that patients can more
easily access diagnostic, treatment and prevention services.

5. Conclusions

Using strengthened monthly real-time surveillance in 18 health facilities in Nairobi,
Kenya, the number of people with presumptive TB and registered TB, as well as the number
of people presenting for HIV testing, declined during 12 months of the COVID-19 outbreak
compared with 12 months pre-COVID-19. Successful TB treatment and referral of HIV-
positive persons to ART increased slightly during the COVID-19 period. Programmatic
interventions on the ground were associated with an improvement in case detection and
treatment outcomes in the second six months of the COVID-19 period compared to the first
six months. This study strongly suggests that real-time operational research can generate
useful evidence for real-time action.
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Abstract: To date, severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has infected over
80 million people globally. We report a case series of five clinically and laboratory confirmed COVID-
19 patients from Bangladesh who suffered a second episode of COVID-19 illness after 70 symptom-
free days. The International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), is a
leading public health research institution in South Asia. icddr, b staff were actively tested, treated
and followed-up for COVID-19 by an experienced team of clinicians, epidemiologists, and virologists.
From 21 March to 30 September 2020, 1370 icddr,b employees working at either the Dhaka (urban) or
Matlab (rural) clinical sites were tested for COVID-19. In total, 522 (38%) were positive; 38% from
urban Dhaka (483/1261) and 36% from the rural clinical site Matlab (39/109). Five patients (60%
male with a mean age of 41 years) had real-time reverse transcription-polymerase chain reaction
(rRT-PCR) diagnosed recurrence (reinfection) of SARS-CoV-2. All had mild symptoms except for one
who was hospitalized. Though all cases reported fair risk perceptions towards COVID-19, all had
potential exposure sources for reinfection. After a second course of treatment and home isolation, all
patients fully recovered. Our findings suggest the need for COVID-19 vaccination and continuing
other preventive measures to further mitigate the pandemic. An optimal post-recovery follow-up
strategy to allow the safe return of COVID-19 patients to the workforce may be considered.

Keywords: COVID-19; recurrence; reinfection; Bangladesh

1. Introduction

SARS-CoV-2, a novel enveloped RNA beta coronavirus, has manifested a variety of
clinical characteristics from asymptomatic infection to severe pneumonia, vasculitis and
death [1–3]. The World Health Organization (WHO) declared this disease a pandemic on
11 March 2020. As of 29 December 2020, SARS-CoV-2 infected more than 81 million people
worldwide, with 1,784,533 deaths [4]. Bangladesh officially declared its first COVID-19 case
on 8 March 2020 [5]. By 30 December 2020, 512,496 cases and 7531 deaths were reported in
the country [6].

Direct, indirect or close contact with infected people and exposure to their saliva
and respiratory droplets, which are released when an infected person coughs, sneezes,
or speaks, may cause viral transmission [7]. The median incubation period of this virus
is about 5 days and the infectious period duration is approximately 10 days [8,9]. A
meta-analysis found that 59% of all transmission came from asymptomatic carriers [8].
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WHO defines a laboratory confirmed case of COVID-19 if the patient’s sample (at
least a single nasopharyngeal (NP) and/or oropharyngeal swab or wash and/or lower
respiratory sputum and/or endotracheal aspirate or bronchoalveolar lavage) tests positive
by real-time reverse transcription-polymerase chain reaction (rRT-PCR) [10]. rRT-PCR
assays only inform clinicians whether SARS-CoV-2 is present or not. However, these
assays also provide quantitative data on cycle threshold (Ct) values, which are inversely
related to the viral load and are not reported clinically. An advanced assay (e.g., whole
genome sequencing) is required to interpret a recurrence—whether it is a relapse or a true
reinfection. The effect of SARS-CoV-2 viral load on clinical outcomes and recurrence has
not been extensively studied.

Generally, “relapse” may be defined as a “recurrence” with the same species and
strain of a micro-organism that was present before, whereas “reinfection” is a secondary
infection with a different species or strain. Reinfections with respiratory viruses may occur
as a result of a weakened or waning immune response (e.g., respiratory syncytial virus),
reinfection with a different genotype/species (e.g., rhinoviruses), or the viruses’ high
variability (e.g., influenza virus). The immunity against SARS-CoV-2 is not well established
and it is uncertain how long the antibody will prevent re-infection [11]. Moreover, vaccine-
induced protective immunity may differ from natural immunity due to the immune-
evasion strategies of wild-type viruses [12]. However, there is some evidence of persistence
of neutralizing antibodies in COVID-19 patients with natural infection for the first few
months (~8 months) [13,14]. The immune response following a natural infection is thought
to be incomplete, and reinfections are likely [15]. One should not confuse relapse with
“long COVID” which refers to symptoms of COVID-19 that continue after the typical
convalescence period. According to some reports, about 10% of people who tested positive
for SARS-CoV-2 had one or more symptoms for more than 12 weeks [16].

Reinfection with SARS-CoV-2 is rare but possible, according to recent studies. Positive
RT-PCR results in patients who recovered from initial illness have been reported in a
number of countries [17]. In August 2020, a reinfection case was confirmed in Hong Kong
in a patient with clearly different genome sequences [18]. Three confirmed reinfection cases
were also reported from Nevada, USA [19], Belgium [20] and Ecuador [21].

There are some anecdotal reports of reinfection/relapse from Bangladesh. Among
the positive COVID-19 staff cases from the International Centre for Diarrhoeal Disease
Research, Bangladesh (icddr,b), the investigators noticed that some patients who clinically
recovered from their illness (RT-PCR negative) were found to be RT-PCR positive for
SARS-CoV-2 a second time. The aim of our study was to investigate suspected cases of
reinfection or relapse excluding long COVID. We explored the clinico-epidemiological
data of recurrent COVID-19 cases in Bangladesh and correlated these findings with their
RT-PCR test results and whole genome sequencing.

2. Materials and Methods

2.1. Study Design and Setting

We conducted a case series of icddr, b staff between March and September 2020 where
the community transmission of SARS-COV-2 was established.

2.2. Study Population and Procedure

The International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) is a
leading public health research institution in South Asia with approximately 4000 staff. Since
21 March 2020, all staff with clinical features (fever, cough, cold or respiratory distress)
of COVID-19 were instructed to contact the icddr,b Staff Clinic. The staff clinic doctors
advised any suspected staff member to undertake a nasopharyngeal swab for a COVID-19
test using RT-PCR. Some high-risk staff, such as staff nurses collecting NP swabs and
laboratory personnel working with SARS-CoV-2, were also advised to undertake routine
COVID-19 tests.
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When a patient was RT-PCR positive, staff clinic doctors advised patients for home
isolation if the condition was not severe enough for hospitalization. The staff clinic also
prescribed and distributed medicines for each COVID-19 positive patient. Along with
severe cases, less severe cases were also admitted to the isolation center of icddr,b if the
staff member had difficulty with home isolation. All positive cases were advised to have a
repeat test on day 14 and every week thereafter until tested negative.

The WHO criteria [22] for withdrawing from isolation for symptomatic patients as:
10 days after symptom onset, plus at least three additional days without symptoms (includ-
ing fever and respiratory symptoms); and for asymptomatic cases: 10 days after a positive
test for SARS-CoV-2. Based on the WHO case criteria and recent publications [23], we set
the following criteria for selecting patients to investigate for reinfection: (1) an initial SARS-
CoV-2 PCR-confirmed diagnosis; (2) followed by clinical recovery and with at least one
negative SARS-CoV-2 PCR result; (3) followed by a confirmed SARS-CoV-2 PCR positive
result from a single nasopharyngeal swab test with clinical symptoms at least 28 days after
the previous SARS-COV-2 negative PCR result. The WHO clinical progression scale [24]
specific for COVID-19 was used for clinical classification and assessing disease severity.

2.3. Laboratory Investigations

All participants submitted a single nasopharyngeal swab that was collected by trained
nurses in viral transportation media. The specimens were transported to the laboratory
in coolers within an hour of collection. RNA was extracted from the nasopharyngeal
samples using QiaAmp Viral RNA Mini kit (Qiagen, Hilden, Germany). A final volume of
60 microliters of RNA was eluted from a 140-microliter sample. RNA was tested for SARS-
CoV-2 by real-time reverse transcription polymerase chain reaction (rRT-PCR) targeting
ORF1ab- and N-gene specific primers and probes following the protocol of Chinese Center
for Disease Control and Prevention (briefly as China CDC). A positive case was determined
if the CT values of two targets (ORF1ab and N) were <37 in the same specimen. If CT values
of any sample were 37−40 or a single target was positive, it was resampled and retested. If
the CT values were still 37−40 and the amplification curves had obvious peaks, the sample
was considered positive. We did repeat tests for all second-time positives to confirm that
they were not false-positive cases. If a single target was positive in the repeat test, it was
determined to be positive. The complete sequencing of positive isolates from the first and
second episodes of each case was conducted using the Illumina NextSeq 500 platform.
The RNA libraries were prepared using the Illumina TruSeq Stranded Total RNA Gold
Library kit (Illumina, San Diego, CA, USA) following the manufacturer’s instructions. The
normalized pooled library was sequenced employing the Illumina NextSeq v2.5 sequencing
kit (Illumina, San Diego, CA, USA). Additionally, all samples were tested for common
respiratory viruses including: influenza A and B viruses, respiratory syncytial virus (RSV),
parainfluenza (1, 2, 3), human metapneumovirus (hMPV), and adenovirus using real-time
PCR following standard procedure [25,26].

3. Results

From 21 March to 30 September 2020, among the 3056 icddr,b employees working at
Dhaka and Matlab centers, 1370 were tested for COVID-19 and 522 (38%) tested positive.
Within this period, eight patients (1.5%) had recurrent episodes of COVID-19 infection.
Three were excluded due to a short gap (less than 28 days) between previous PCR negativity
and subsequent PCR positivity and the absence of any clinical sign/symptoms during
their first episode of COVID-19 positivity. None of them had a history of compromised
immunity. Of the five remaining patients who fulfilled our criteria for selecting patients
to investigate for reinfection, 60% were male. All five cases were 35 to 49 years old with
a mean age of 41 years (Table 1). All five cases perceived that the second episode, which
occurred after a long recovery time, was a COVID-19 reinfection.

111



Trop. Med. Infect. Dis. 2021, 6, 41

Table 1. Clinical characteristics of the COVID-19 cases for both their first and second episodes of illness.

Patients
Characteristics First Episode

Clinically
Symptom
Free Days

Second Episode

Case #
Past

Medical
History

Illness
Onset

Date (D1)

Clinical
Feature

Treatment
First

Clinical
Recovery

Illness
Onset Date

Clinical
Feature

Treatment
Duration
of Illness
in Days

Outcome

1 HTN D1
13 May

Fever,
cough

Home
isolation,
A+D+I+
Z+VD

D15 98 D112
2 September

Fever,
cough, cold

Home
isolation,

D+I+Z+VD
18 Recovered

2 None D1
19 May Malaise

Home
isolation,
A+Z+HQ

D10 92 D 101
27 August

Sore throat,
fever, cough,

headache

Home
isolation,
D+Z+VD

21 Recovered

3 HTN D1
28 May F, H, S

Home
isolation,

D+I+Z+VD
D8 70 D77

12 August

F, C, Low
oxygen

saturation,
pneumonic
features in

CT scan

Moxifloxacin,
Amoxy-

cillin with
Clavulanic
acid, P, F

12 Recovered

4 Asthma D1
1 June Fever

Home
isolation,

D+I+Z+VD
D6 85 D90

29 August Fever, cold
Home

isolation,
D+I+Z

9 Recovered

5 HTN, HT D1
7 May

Fever,
cough

Home
isolation,
A+Z+HQ

D2 131
D135

18
September

S, H, Chest
pain, Hospi-

talized

Home
isolation,

D+I+VD+R
6 Recovered

Note: for all patients, we considered the starting date of the illness (first day of symptom onset) as “Day One” (D1). Sign-symptoms:
F = fever; H = headache; A=anosmia; J = joint pain; M = malaise; C = dry cough; S = sore throat; HTN = hypertension; DM = diabetes;
HT = hypothyroidism; RhA = rheumatoid arthritis. Medications: A = azithromycin 500 mg tablet, once daily for 5 days; D = doxycycline
100 mg capsule, twice daily for 5 days; H = hydroxychloroquine 200 mg tablet, first day—two tab stat., from second day onwards—twice
daily for 10 days; Z = zinc 20 mg tablet, twice daily for 14 days; VD = vitamin D3 2000 IU, one tablet on every alternate day for one month;
M = montelukast 10 mg tablet, once daily for 10 days; R = rivaroxaban 10 mg tablet, once daily for 45 days; I = ivermectin 6 mg tablet, two
tablets on day one only; amoxycillin with clavulanic acid (625 mg), eight hourly for 7 days; moxifloxacin, 400 mg tablet once daily for
7 days; P = tablet prednisolone for two weeks, starting at 16 mg daily for three days and then tapered dose; F = favipiravir 200 mg tablet,
1600 mg twice daily on day 1, 600 mg twice daily on day 2−10.

The clinical course of the patients over time (onset of symptoms, severity, duration,
recovery time) and PCR results are illustrated in Figure 1. Figure 1 clearly demarcates two
episodes of COVID-19 illness.

 

Figure 1. Clinical course and the corresponding PCR test results of the five patients with recurrent episodes of
COVID-19 infection.

3.1. Case Series
3.1.1. Case 1

The first case presented with fever and a cough starting on 13 May (D1; D = day). The
nasopharyngeal swab was drawn on 16 May, and the RT-PCR test was COVID-19 positive.
The patient had a history of hypertension for three years. The patient reported no contact
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with suspected cases. He was advised to home isolate and was treated with azithromycin,
ivermectin, doxycycline and zinc tablets (Table 1). He became asymptomatic on D15. On 3
June, his RT-PCR was negative. After a 98-day asymptomatic period, he developed a fever,
dry cough and cold on 2 September, and tested positive a second time on 4 September. Case
1 reported attending a meeting at his office and also shopping at a nearby wet market for
fish and other groceries in the 14 days before the onset of the second time illness. Although
the case reported wearing a mask and using hand sanitizer during these outside visits, he
states that these visits may have been the source of COVID-19 exposure. His symptoms
persisted for 18 days before full clinical recovery and his RT-PCR was negative 22 days
after the second onset of symptoms (24 September). He was well aware of COVID-19 as he
read extensively about the infection from different online materials. In terms of vaccination,
he was hopeful, assuming that it would continue to reduce the risk of COVID-19 and its
severity. His test results are summarized in Table 2.

Table 2. Laboratory findings of the COVID-19 cases for both first and second episodes of illness.

Case
#

First Episode Gap
between

PCR
Negative
and PCR
Positive

Dates (days)

Second Episode

RT-PCR for SARS-CoV-2 RT-PCR for SARS-CoV-2 Other Investigations

Positive Negative Positive Negative

Days from
Symptom

Onset
CT Value

PCR-
Negative

Day

Days from the
first episode
onset date

CT Value
PCR-

Negative
Day

Other
Respiratory

Viruses *
Other

1 D3
D15

38.3
33.7 D21 93 D114 34.8 D134 Negative

Chest
X-ray-Normal

D-Dimer-Normal

2 D5 21.7 D25 81 D106 34.8 D126 Influenza H3 ECG, BP normal

3 D3 34.5 D23 58 D81
D94

24.7
33.8 - Negative

Ground glass
appearance in CT
scan chest, CRP

level raised

4 D3 16.1 D25 68 D93 33.2 D113 Influenza H3 -

5 D6 36.8 D18, D20 115 D133 36.6 D153 Negative ECG, Chest X-ray,
D-Dimer all normal

* Influenza virus A and B, respiratory syncytial virus (RSV), parainfluenza (1, 2, 3), human metapneumovirus (hMPV), and adenovirus.

3.1.2. Case 2

The second case was a research assistant. She reported malaise on 19 May (D1). Two
days later, her RT-PCR test was found to be positive. She had no other comorbidity. She
went only to her workplace in the past 14 days before the onset of symptoms. The patient
reported no contact with suspected cases. She was advised to home isolate. Her ECG, blood
pressure and oxygen saturation were within normal limits. She became asymptomatic
after D10 (27 May). She was tested again on D25 (12 June) and her RT-PCR test was
negative. Case 2 reported that she went to the office regularly after being PCR negative.
She used public transportation to and from work as well as on field trips. After a 92-day
asymptomatic period, she developed a sore throat, fever, dry cough and a headache on
27 August. She was retested on 1 September and was found to be RT-PCR positive for
the second time. No family members or any close contacts were positive for coronavirus
within this time frame. She reported that she might have unknowingly been exposed to
someone who is COVID-19 positive while traveling or engaging with patients and their
caregivers at her workstation. For the second episode of illness, she was again treated at
home with oral medication (Table 1). Her symptoms persisted for 21 days and her RT-PCR
test was found to be negative on 21 September (Table 1). Influenza H3 coinfection was
discovered in her second respiratory specimen. Since she received basic biosafety training
from her office, she was well aware of COVID-19 transmission including person-to-person
infection and through respiratory droplets in the air. She also shared an interest in the
COVID-19 vaccine, which she hopes would benefit both her family and community.
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3.1.3. Case 3

Case three was a hypertensive physician who reported a fever, headache and sore
throat on 28 May (D1). Two days later, his PCR sample was found to be positive. He was
isolated at home. Four days later, he became symptom-free. On 19 June, his follow-up
sample was found negative. He was asymptomatic for the next 70 days. He reported
fever, cold and low oxygen saturation (self-reported at 93%) on 12 August, and again was
found to be PCR positive on 16 August. The case reported that within the past 14 days of
his second episode, he had interaction with two COVID-19 relatives. During this second
episode, he was tested for CBC, CRP, D-Dimer, LDH, a CT scan, and an echocardiogram.
All were within normal limits except that a ground-glass appearance was evident on the
chest CT and the CRP was elevated. After 12 days of illness, he became asymptomatic
on 24 August (D90). On 29 August (D94) his PCR test was found to be positive. He was
advised to isolate for another week without additional treatment and no further PCR
testing was recommended. He reported having direct contact with COVID-19 positive
patients and visiting them in the hospital is the riskiest way to acquire COVID-19 infection
compared to exposure to an open environment like a wet market or workplace. He has a
very positive attitude towards vaccinations.

3.1.4. Case 4

Case four was an account officer with a history of recurrent asthma. He developed a
fever on 1 June (D1) and tested positive for COVID-19 on 3 June. His fever subsided after
three days. His next scheduled PCR test was negative on 25 June. Due to the nature of the
job, case 4 reported that he frequently went to his office in the preceding 14 days using
office transportation and also visited local markets for shopping. Eighty-five days after
the relief of symptoms, he reported fever and cough on 29 August and was found PCR
positive on 1 September. The staff clinic prescribed ivermectin, doxycycline, zinc for the
second illness. His fever subsided 3 days after onset, but a dry cough persisted for seven
days. On 21 September, his scheduled PCR test was negative. During his second episode,
he was co-infected with influenza H3. His detailed treatment history and laboratory
findings are depicted in Tables 1 and 2. He had a basic understanding of how the virus
spreads. For COVID-19 prevention, he emphasized handwashing with soap or sanitizer on
a regular basis, maintaining social distance, and wearing a mask outside. He desired to get
a COVID-19 vaccine as soon as possible to protect himself and safeguard his family.

3.1.5. Case 5

Case five was a young doctor working at the Matlab hospital. She reported to the staff
clinic on 9 May with a sore throat and cough starting on 7 May 2020. Both her father and
son were previously diagnosed as COVID-19-positive and she was a close contact. On
12 May, her PCR test result was found positive. She was isolated at home and treated with
azithromycin, hydroxychloroquine and zinc tablets. Fourteen days after initial positivity,
consecutive tests, 24 h apart, were found to be negative. After a prolonged asymptomatic
period (113 days), she was tested again, given she was unknowingly in close contact with
a COVID-19-positive nurse at work in the preceding week. On 16 September, she tested
positive for a second time. Two days after the second diagnosis, she reported a very severe
headache, chest pain and a sore throat. She measured her oxygen saturation and it was low
(90%). She was subsequently admitted to icddr,b hospital on 20 May. Her ECG, Chest X-ray,
and D-dimer levels were tested and found to be within normal limits. As her symptoms
improved over the day, she was discharged in the evening on the same date for home
isolation. She also self-medicated with rivaroxaban tablets for the prevention of thrombotic
events. She reported relief from symptoms on 23 September. Her follow-up PCR test
conducted after 21 days was negative on 6 October. She reported that overconfidence,
accompanied by carelessness, was the primary reason for getting the infection from a
contaminated surface, or direct or indirect interaction with a COVID-19 positive individual.
She reported that taking precautions such as using masks, gloves, hand sanitization, and
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maintaining a safe distance can reduce some risk of this infection. She was very enthusiastic
about the COVID-19 vaccination because she thought it would minimize the risk of getting
this disease.

4. Discussion

We reported a case series of five clinically and laboratory confirmed COVID-19 patients
suffering a second episode of COVID-19 after a gap of over 70 days free of symptoms. The
recurrent cases had largely mild symptoms in both the first and second episodes of illness
(only one case had moderate symptoms during their second episode). Most of the samples
had high CT values (>30) indicating a low viral load. Whole genome sequencing is essential
for determining true reinfections; however, our attempt failed due to low viral loads in
collected NP swabs. Therefore, it is still unclear whether these were due to true reinfections
or possible persistent low-level of infection sustained by viable viral particles or extra
viral RNA. Nevertheless, our small case series indicates that symptomatic SARS-CoV-2
recurrence can possibly occur among individuals who recovered from their initial illness.

Our institute data showed that approximately 1% of all staff to date had the second
episode of COVID-19. The proportion of recurrent RNA positivity after recovering from
COVID-19 in our study was lower than that reported by Camilla et al. (2020) in a meta-
analysis, where the proportion was reported between 7 and 23% [17]. Several factors might
explain the low percentage. Firstly, we followed a strict case definition for a patient to be
included in our investigation with a combination of clinical symptoms, PCR positivity, at
least a one-month gap between a negative test report and the reappearance of COVID-19
symptoms followed by the presence of viral RNA in a second PCR test. Secondly, we
could not actively monitor and follow-up all first-time positive cases in person because
of resource constraints, and the follow-up system depended on the passive reporting of
symptoms by the staff to the clinic. As most employees worked from home, they were
probably reluctant to report symptoms to the staff clinic in order to avoid social stigma [27].
Thus, we might have missed many mild to moderate symptomatic recurrences of COVID-
19 among our study population. Thirdly, there is a high probability of asymptomatic
reinfection [28] which was not captured in our surveillance system. Hence, the actual
number of recurrences of SARS-CoV-2 RNA positivity in our population may have been
underestimated. Consensus criteria for deciding true SARS-CoV-2 reinfection should be
set as new findings accumulate. Finally, our cohort did not include a collection of blood
samples to describe the immunological profile that could allow us to evaluate the immune
status of the cases.

The protective role and longevity of antibody responses to the virus remain unan-
swered. Some recent reports suggest that neutralizing antibodies against the virus remain
relatively stable for several months after infection. In line with another case series [29], it is
not clear whether the virus can persist in some COVID-19 patients for a longer period and
transmit to close contacts and later reappear as an apparent second illness with COVID-like
symptoms. Therefore, we should still advise our staff to maintain social distance, wear
masks and self-isolate as much as possible to prevent reinfection. Bangladesh has received 9
million doses of the COVID-19 vaccine, Covishield (AstraZeneca) from the Serum Institute
of India and vaccinated a total of 3,682,152 individuals as of 7 March 2021 (Health Bulletin
of DGHS, 7 March 2021). Given the global spread of new variants, it is yet to be explored
whether mass vaccination against existing strains can reduce the incidence rate to sufficient
levels required to halt the pandemic.

Two of our patients showed concomitant influenza virus infection during their second
COVID-19 episode. Both SARS-CoV-2 and influenza virus have common signs and symp-
toms, so it is likely that many patients with respiratory tract symptoms can be co-infected
with influenza (H3). The influenza positive cases were clinically indistinguishable from
the other three cases. The role of influenza in altering the clinical course of COVID-19 is
unclear, thus further studies will be required to explore the pros/cons of co-infection.

115



Trop. Med. Infect. Dis. 2021, 6, 41

Most of our cases reported mild symptoms. The immunological memory against SARS-
CoV-2 is not well established and it is uncertain whether the first infection can prevent
re-infection [11]. Limited data suggest that SARS-CoV-2-specific CD4+/CD8+ T cells can
persist for up to 3–5 months and IgG to the spike protein up to eight months in COVID-19
patients [13,14]. If true, all of our initial cases may have developed immunological memory
which may have partially protected them during their second illness.

Though our study was based on systematically collected data and prospectively in-
vestigated by an experienced group of clinicians, epidemiologists, and virologists, it had
several limitations. Firstly, we tried to compare whole genome sequence data obtained from
the first and second episodes from individual cases. However, only two complete sequences
(with 99% coverage) were recovered from the 10 isolates (Supplementary Figure S1). There-
fore, we could not determine whether the virus detected was identical or a different variant.
Secondly, we could not conclude whether these cases were true reinfections or just relapsed
cases. It is possible that the virus in the first episode diminished in the upper respiratory
tract, became PCR negative, but was sustained in other parts of the body such as the
pharynx, trachea, lungs, heart, kidneys, intestines, brain, genitals, or in body fluids such
as the cerebrospinal fluid, semen and breast milk [30]. A systematic review showed that
the virus could be sustained in other samples, such as the stool, for a longer period of time
after the nasopharyngeal swab was negative [31]. Natural infection should, in theory, offer
a degree of protection against future reinfection. However, in reality, this is not always
achieved, given the differences in innate immunity and host genetics. Influenza vaccines
that include previous variants may not protect against a new variant, so reinfection is likely.
A lack of acquired immunity may partially explain the observed COVID-19 recurrence,
but further immunogenetic studies examining innate, acquired and concomitant immunity
are required.

Active case finding and isolation, quarantine, regular hand washing, wearing face
masks, cough etiquette, avoiding public meetings, and maintaining physical distancing
are the steps of choice in the absence of necessary vaccination coverage. The efficacy of
such initiatives, however, is largely dependent on public willingness to cooperate and
their perceptions of risk towards COVID-19 [32]. All our COVID-19 positive cases were
well aware of the coronavirus disease: how it spreads and what preventive measures
should ideally be maintained to minimize the risk. Our findings support a previous study
conducted in ten countries, including Asia, which found that people who had personal and
direct experience with COVID-19 had significantly higher risk perceptions [33]. Although
our whole genome sequencing was inconclusive, all five cases believed their second episode
of the illness was reinfection because their sufferings were identical to (or even worse than)
the first. Epidemiologically, they had the potential exposures before the second episode,
and clinically their signs and symptoms were also compatible with COVID-19 infection.

5. Conclusions

Our findings suggest the need for the COVID-19 vaccination to halt community
transmission as well as to continue all preventive measures such as mask, hand wash and
social distancing. Additionally, an optimal post-recovery follow-up strategy to allow the
safe return of COVID-19 patients to the workforce may be considered.

Supplementary Materials: The following are available online at https://www.mdpi.com/2414-6
366/6/2/41/s1, Figure S1: Phylogenetic tree based on the SARS-CoV-2 genome, demonstrated
homology between the icddr,b SARS-CoV-2 genomes (case numbers 2 and 4) and other reported
SARS-CoV-2 genomes from Bangladesh retrieved from the GISAID database.
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Abstract: We report a case of Plasmodium falciparum malaria in a patient asymptomatically co-
infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In the current ongoing
coronavirus pandemic, co-infections with unrelated life-threatening febrile conditions may pose
a particular challenge to clinicians. The current situation increases the risk for cognitive biases in
medical management.

Keywords: severe acute respiratory syndrome coronavirus 2; plasmodium falciparum; differential di-
agnosis; cognitive bias; diagnostic reasoning

Since the end of 2019, the global outbreak of coronavirus disease 2019 (COVID-19) has
spread rapidly and represents a major challenge to many healthcare systems worldwide [1].
In this situation, co-infections and comorbidities pose a particular challenge to clinicians,
as the current focus on COVID-19 management may, on the one hand, lead to inappropriate
diagnostics and management of other medical conditions, and on the other hand, to the risk
of propagation of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) within
hospitals. Here, we describe a case of acute falciparum malaria and concurrent SARS-CoV-2
infection, illustrating the challenges in diagnostic reasoning during the current pandemic.

A 61-year-old female patient presented at the emergency department of the University
Medical Center Hamburg-Eppendorf on 22 March 2020 with a fever of 40.2 ◦C, myalgia,
and diarrhea. All symptoms had been present for four days. Nine days before presentation,
she had returned from a two-week journey to Cameroon. She reported no chronic medical
conditions or regular medication. Due to her recent air travel, fever and the ongoing
pandemic with COVID-19, she was tested for SARS-CoV-2. Reverse transcription PCR of
an oropharyngeal swab turned out positive and the patient was admitted to the COVID-
19 isolation ward. Auscultation, lung ultrasound, and chest X-ray revealed no findings
consistent with an atypical pneumonia (Figure 1). Laboratory results showed severe
thrombocytopenia of 23,000/μL and C-reactive protein of 103 mg/L (Table 1). These results
were considered atypical for a clinically mild case of COVID-19, given the available data [2].
Therefore, differential diagnoses were sought.

Prior to admission, the patient herself had already initiated presumptive treatment for
malaria with atovaquone-proguanil due to her recent travel and lack of chemoprophylaxis.
As history and laboratory findings were, indeed, compatible with malaria, we performed a
microscopic examination of the patient’s blood. A thin blood film was found to be positive
for Plasmodium falciparum with an asexual parasitemia of 4% (Figure 2). Treatment with
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atovaquone-proguanil was continued and all clinical symptoms subsided on day three
after admission. Two sets of blood cultures and PCR diagnostic for influenza remained
negative. Although the detection of SARS-CoV-2 was confirmed in a subsequent sample,
the patient never experienced respiratory symptoms during the follow-up of one month.

Figure 1. Supine chest X-ray at the time of admission without evidence of pneumonic consolidations
or ground glass opacities. Courtesy of Prof. Gerhard Adam, Department of Diagnostic and Interven-
tional Radiology and Nuclear Medicine, University Medical Center Hamburg-Eppendorf, Hamburg.

Table 1. Laboratory values of the patient on admission, 4 days after onset of symptoms.

Laboratory Parameter and Unit Patient Value Reference Range

Leucocyte count/μL 2700 3800–11,000
Hemoglobin g/dL 13.9 12.3–15.3
Platelet count/μL 23,000 150,000–400,000

Total bilirubin mg/dL 1.5 0.3–1.2
Alanine aminotransferase U/L 40 <35

Aspartate aminotransferase U/L 36 <35
Lactate dehydrogenase U/L 358 120–246

Creatinine mg/dL 0.67 0.55–1.02
C-reactive protein mg/L 103 <5

Due to its increasingly wide spread distribution in the population, COVID-19 may
be encountered as a co-infection with any other classical disease. Dual infection with
SARS-CoV-2 and malaria have been reported recently, with most patients being free of
respiratory symptoms attributable to SARS-CoV-2 [3,4]. It is of importance not to miss
such co-infections to avoid in-hospital spread of SARS-CoV-2 infection with the potential
for high mortality in other hospitalized patients. At the same time, it is important not to
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narrow the spectrum of differential diagnoses of febrile conditions despite the ongoing
COVID-19 pandemic. When patient load is high and staff are in short supply, it is tempting
to be satisfied with an initial diagnosis, particularly when this diagnosis is consistent with
the current outbreak. The pandemic situation contributes to the risk for cognitive biases
during the medical management, in particular, availability bias and premature closure [5,6].

Figure 2. Thin blood film with Plasmodium falciparum trophozoites, Giemsa stain, original magnifica-
tion 1000×. Scale bar: 10 μm

Importantly, only one day after admission of our patient, we received a telephone
call by a desperate man who was denied a medical evaluation when he developed
a high fever after travel to Ghana. His family doctor, as well as the local hospital,
judged this to likely be COVID-19 and recommended home isolation—advice that has
potentially fatal consequences. Subsequently, this patient was also admitted to hospital
with Plasmodium falciparum malaria. The two patients illustrate the currently increased risk
of missing life-threatening differential diagnoses with the requirement of a specific therapy
beyond giving antibiotics for suspected sepsis. This becomes even more relevant when
international travel is relaunched and is an important lesson for future outbreaks.
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Abstract: The COVID-19 global pandemic is entering its second year. In this short report we present
additional results as a supplement to our previous paper on COVID-19 and common respiratory
virus screening for healthcare workers (HCWs) in a tertiary infectious disease referral hospital in
Manila, Philippines. We sought to understand what etiologic agents could explain the upper/lower
respiratory tract infection-like (URTI/LRTI-like) symptoms exhibited by 88% of the 324 HCWs tested.
Among the patients who had URTI/LRTI-like symptoms, only seven (2%) were positive for COVID-
19, while 38 (13%) of the symptomatic participants were identified positive for another viral etiologic
agent. Rhinovirus was the most common infection, with 21 (9%) of the symptomatic participants
positive for rhinovirus. Based on these results, testing symptomatic HCWs for common respiratory
illnesses in addition to COVID-19 should be considered during this time of global pandemic.

Keywords: COVID-19; respiratory viruses; coinfections; health care workers; Philippines; rhinovirus

1. Introduction

The COVID-19 global pandemic is caused by the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and continues into a second year [1]. In the Philippines,
around ~552,000 cases have been recorded, ~11,500 (2%) of whom have died, as of 15
February 2021 [2]. HCWs remain at high risk of acquiring the infection as they attend
hospitalized COVID-19 patients. In the months that followed the first confirmed case of
COVID-19 in the Philippines, recorded in San Lazaro Hospital (SLH) [3], there has been an
increasing national trend of confirmed cases. The influx of patients has placed an enormous
workload on hospitals, and consequently to HCWs. Mandatory quarantine/isolation of
HCWs suspected of exposure has strained hospital workforces; specifically, HCWs experi-
encing a high-risk exposure to a confirmed case, or presenting with influenza-like-illness
(ILI), are required to undergo at least two weeks of quarantine/isolation away from the
hospital. The resulting reduction in the HCW workforce causes extended work hours for
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the remaining available staff, and inevitable “shift fatigue” [4] accompanied with increased
fear and anxiety in working with COVID-19 patients.

We have reported that at SLH in Manila only 2% of HCWs were positive for SARs-
CoV-2 as screened by RT-PCR (8 out of 324 HCWs screened) [5]. At that time, the criteria
for screening were: (1) a history of close contact or high-risk exposure with a confirmed
COVID-19 case or (2) the development of COVID-related signs and symptoms. Of the
324 HCWs, 88% had upper/lower respiratory tract infection-like (URTI/LRTI-like) illness
such as fever, cough, sore throat, runny nose, shortness of breath, and loss of smell and
taste. The small percentage of SARs-CoV-2 positivity suggests the possibility of underlying
infections other than SARs-CoV-2.

SARS-CoV-2 is projected to circulate in the population indefinitely [6], and thus is
likely to continue to cocirculate with common respiratory viruses. Although there is
limited data on the prevalence of common respiratory viral infections in the Philippines,
the Department of Health reports that acute respiratory infections consistently top the
leading causes of morbidity in the country [7]. COVID-19 resides in the respiratory tract of
the human host, and commonly exhibits URTI/LRTI-like symptoms, which overlap with
those of common respiratory viral infections [8]. Because of the relatively small proportion
of confirmed COVID-19 among HCWs described above [5], we sought to investigate
whether HCWs who presented with these symptoms could be explained by other common
respiratory viral etiologic agents.

2. Materials and Methods

HCW participants were tested for the presence of the following respiratory viruses:
COVID-19, influenza A and B, human metapneumovirus (HMPV), respiratory syncytial
virus (RSV), parainfluenza types 1 to 4, coronavirus 229E, coronavirus OC43, rhinovirus,
adenovirus, and bocavirus.

Viral RNA from nasopharyngeal and oropharyngeal swab specimens were extracted
using a QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany), following the manufac-
turer’s instructions [9]. Real-time PCR was performed to detect SARS-CoV-2 viral RNA
using Corman et al. [10] and Nao et al. [11] protocols. Multiplex and hemi-nested multiplex
PCR was done to test for the presence of the genetic materials from 13 other respiratory
viruses, based on the protocol by Yoshida et al. [12]. Amplicons were visualized in 2%
agarose gel.

We limited our analysis to those who exhibited URTI/LRTI-like symptoms. We
categorized participants as “having URTI/LRTI-like symptoms” when they exhibited at
least one of the following: fever, cough, sore throat, runny nose, shortness of breath, or
loss of smell and taste. The epidemiological and clinical characteristics of these HCWs
were compared between those who tested positive for the respiratory viral panels other
than COVID-19 and those who tested negative for any of the panel of tests. The values
were expressed as absolute numbers and percentages for categorical variables, and mean
with standard deviation (SD) and median for continuous variables. Fisher’s exact test and
chi-square test were used to test for associations between categorical variables, and the
Mann−Whitney test was used to compare discrete variables between classifications of
categorical variables. A p-value of ≤0.05 was considered statistically significant. Stata SE
ver. 16.1 (StataCorp 2019, College Station, TX, USA) was used for all analyses.

3. Results

Our previous publication detailed the epidemiological and clinical characteristics
of the 324 HCW staff tested for SARS-CoV-2 at SLH in Manila [5]. Here we subjected
the same group to a panel of respiratory viral tests from March 20 to 20 April 2020. Out
of 324, 286 (88%) presented with URTI/LRTI-like symptoms. A summary of those who
tested positive for at least one of the viral panels, including SARS-CoV-2, is shown in
Table 1. Among those who exhibited URTI/LRTI-like symptoms, only 2% (7 out of 286)
were confirmed to have SARS-COV-2 infection. Specifically, five tested positive for only
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SARS-CoV-2 (2%) and two others had coinfections with two or more viruses: one with
influenza A (0.4%), and another with influenza A and parainfluenza 1 (0.4%). Twenty-one
(9%) of the participants were infected with rhinovirus—19 with rhinovirus alone (7%) and
two with bocavirus coinfection (0.7%)—making it the most common infection of those
who exhibited URTI/LRTI-like symptoms (55% out of those who yielded positive results).
Other viruses that tested positive were influenza A (0.7%) and B (0.7%), bocavirus (0.4%),
parainfluenza 1 (0.4%), adenovirus (0.7%), and coinfections of adenovirus and bocavirus
(0.7%). Coinfection was observed in six HCW samples (2%). Overall, 38 (13%) of the
participants who presented with URTI/LRTI-like symptoms were identified with a viral
etiologic agent. HMPV, RSV, Parainfluenza 2 to 4, coronavirus 229E, and coronavirus OC43
were not detected in any of the samples.

Table 1. Summary of the positive test results of viral panels (including SARS-CoV-2) tested among
HCWs suspected of having COVID-19 and presented with URTI/LRTI-like symptoms, San Lazaro
Hospital, March−April 2020 (N = 286).

Viral Etiologic Agents Infected HCWs (n, %)

SARS-CoV-2 5 (1.7)
Rhinovirus 19 (6.5)
Influenza A 2 (0.7)
Influenza B 2 (0.7)

Human bocavirus 1 (0.4)
Parainfluenza 1 1 (0.4)

Adenovirus 2 (0.7)

Coinfections *
SARS-CoV-2+ Influenza A + Parainfluenza 1 1 (0.4)

SARS-CoV-2 + influenza A 1 (0.4)
Adenovirus + Bocavirus 2 (0.7)
Rhinovirus + Bocavirus 2 (0.7)

Total 38 (13.3)

* Coinfection—sample tested positive for more than one etiologic agent.

Excluding SARS-CoV-2 from the analysis (Table 3), most participants who tested
positive for the respiratory viral panel (N = 36) belonged to a young age group (39% were
20–29 years old, and 33% were 30–39 years old), were female (67%), and worked as nurses
(67%). Other health care workers infected were six nursing aides (17%), four radiology
technicians (11%), and two medical doctors (6%). The most common respiratory symptoms
exhibited by those who tested positive were sore throat (71%), cough (50%), and runny
nose (43%); while nonrespiratory symptoms were predominantly headache (58%), myalgia
(33%), and fatigue (19%). Only headache showed significant association with being positive
for the respiratory viruses tested (p = 0.04).

Table 2. Comparison of characteristics and signs and symptoms of HCWs suspected to have COVID-19 who tested positive
and negative for the additional respiratory viral panel *.

Characteristics
Positive
(N = 36)
(n, %)

Negative
(N = 280)

(n, %)
p-Value

Age (years)
mean (SD) 35 (11.1) 36 (8.4)

median (range) 30.5 (23–63) 33 (24–61) 0.14

Age group (years)
20–29 14 (38.9) 72 (25.7)
30–39 12 (33.3) 124 (44.3)
40–49 4 (11.1) 62 (22.1)
50–59 4 (11.1) 20 (7.1)
60–69 2 (5.6) 2 (0.7)
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Table 3. Comparison of characteristics and signs and symptoms of HCWs suspected to have COVID-19 who tested positive
and negative for the additional respiratory viral panel *.

Characteristics
Positive
(N = 36)
(n, %)

Negative
(N = 280)

(n, %)
p-Value

Sex
Female 24 (66.7) 186 (66.4)
Male 12 (33.3) 94 (33.6) 1

Occupation
Nurse 24 (66.7) 175 (62.5) 0.03

Medical doctor 2 (5.6) 34 (12.1)
Nursing aide 6 (16.7) 6 (16.7)

Radiology technician 4 (11.1) 2 (0.7)
Laboratory personnel 0 9 (3.2)

Admission/reception staff 0 4 (1.4)
Level of exposure

Low risk 28 (77.8) 195 (69.6) 0.3
High risk 8 (22.2) 85 (30.4)

URTI/LRTI-like symptoms
Fever 1 (2.8) 2 (0.7) 0.3

Cough 18 (50) 138 (50.4) 1
Sore throat 25 (71.4) 188 (68.6) 0.7
Runny nose 15 (42.9) 108 (39.4) 0.7

Shortness of breath 2 (5.7) 26 (9.6) 0.4
Loss of smell 3 (11.5) 7 (3.2) 0.1
Loss of taste 1 (3.9) 8 (3.7) 1

Comorbidities
Asthma 2 (5.6) 20 (7.1) 1
Cancer 0 2 (0.7) 1

Chronic liver disease 0 1 0.4
Diabetes 1 (12.5) 5 (13.9) 0.92

Heart disease 2 (5.6) 6 (2.1) 0.2
Hypertension 8 (22.2) 58 (20.7) 0.8

Obesity 6 (16.7) 50 (17.9) 1
No comorbidities 20 (55.6) 172 (61.4) 0.5

Duration between onset of symptoms and swab
collection
mean (SD) 8 (5.4) 9 (8.1)

median 7 6 0.5

* HCWs who tested positive for covid-19 were excluded from the analysis.

4. Discussion

In the present study more health care workers exhibiting URTI/LRTI-like symp-
toms tested positive for common respiratory viruses, particularly rhinoviruses [13], than
pandemic-related COVID-19. Our results are comparable to the outcome of an earlier study
from China which tested clinically suspected COVID-19 patients for SARS-CoV-2 and other
respiratory viruses. Their findings showed that 1% were positive for SARS-CoV-2, with an
overall detection rate of other respiratory pathogens of 10%, and rhinovirus also being the
most common underlying virus (3%). However, the coinfection rate was higher at 12% [14].
Notably, coinfections in our samples were observed more commonly with bocavirus (four
samples that had coinfections with other respiratory viruses). Two (<1%) confirmed SARS-
CoV-2 positive samples also had coinfections. Reported rates of coinfection of SARS-CoV-2
and other respiratory viruses range from 1% to 20% [15–17].

Among those who had coinfections, only one HCW yielded positive results for three
etiologic agents (SARS-CoV-2, Influenza A and Parainfluenza (1); a 48-year-old, male
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who was tested on the fifth day of illness. He was categorized as low-risk exposure and
presented with fever, sore throat, cough, fatigue and loss of appetite.

The signs and symptoms exhibited by those who tested positive for respiratory viruses
other than COVID-19 were indistinguishable from those observed among persons who
tested positive for SARS-CoV-2 [5]. Based upon symptoms alone it is a challenge to
identify patients with acute respiratory illness (ARI) and COVID-19, primarily because
their presenting signs and symptoms are almost similar at the outset. In the context of
HCWs who are attending to COVID-19 patients in a developing country like the Philippines,
where hospitals are usually understaffed, it is crucial to clarify the actual infection rate of
SARS-CoV-2 and other respiratory viruses. At the moment, for HCWs presenting with
mild symptoms who tested negative for SARS-CoV-2, for example, this guides decisions
regarding continuing quarantine versus allowing to work. In addition to relieving the
burden of “shift fatigue” among HCWs, a definitive diagnosis of “something other than
COVID-19” should also help alleviate unnecessary anxiety. A limitation of this study is
that we tested for an incomplete panel of viruses, and no bacterial pathogens. Subclinical
viral infection is common, particularly rhinovirus, among healthy individuals [18], and
it is possible that the symptoms of the HCWs in our study could be explained by other
causative agents than those in the respiratory viral panel we tested. Further studies could
test for an expanded range of pathogens relevant to respiratory illness.

5. Conclusions

Although COVID-19 is a serious concern, our study showed that it was not the main
pathogen responsible for respiratory tract infections among HCWs. Symptoms associated
with SARS-CoV-2 and other respiratory viral etiologies are frequently shared. While it is
important to continue regular screening and testing for COVID-19 among this high-risk
population, efforts should also focus on ensuring that HCWs have access to rapid molecular
tests for other common respiratory illnesses.
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Abstract: Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). COVID-19 has infected over 90 million people worldwide, therefore
it is considered a pandemic. SARS-CoV-2 infection can lead to severe pneumonia, acute respira-
tory distress syndrome (ARDS), septic shock, and/or organ failure. Individuals receiving a heart
transplantation (HT) may be at higher risk of adverse outcomes attributable to COVID-19 due to im-
munosuppressives, as well as concomitant infections that may also influence the prognoses. Herein,
we describe the first report of two cases of HT recipients with concomitant infections by SARS-CoV-2,
Trypanosoma cruzi, and cytomegalovirus (CMV) dissemination, from the first day of hospitalization
due to COVID-19 in the intensive care unit (ICU) until the death of the patients.

Keywords: SARS-CoV-2; COVID-19; heart transplant; CMV; Chagas disease; infection; severity

1. Introduction

Coronavirus disease 2019 (COVID-19), an infectious respiratory disease caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has spread on a pandemic
scale since the first case was reported in Wuhan, China, in 2019 [1]. Most patients with the
disease have mild-to-moderate symptoms; however, approximately 15% develop severe
pneumonia, while approximately 5% develop acute respiratory distress syndrome (ARDS),
septic shock, and/or organ failure [2]. Lymphopenia is a recurrent feature in these patients,
with a significant reduction in CD4+ T cells, CD8+ T cells, B cells, and natural killer (NK)
cells [3], increasing the susceptibility of patients to severe illness and co-infection [4]. In
fact, co-infections are associated with worsening of the clinical condition [5].

Chagas disease (CD) is a zoonosis whose etiologic agent is the protozoan Trypanosoma
cruzi. It is estimated that 6–8 million people worldwide are infected [6]. CD has two distinct
phases: an acute one, which is rare, with a strong production of type 1 cytokines, and a

Trop. Med. Infect. Dis. 2021, 6, 22. https://doi.org/10.3390/tropicalmed6010022 https://www.mdpi.com/journal/tropicalmed

129



Trop. Med. Infect. Dis. 2021, 6, 22

chronic phase, which develops in 30–40% of CD cases. The chronic phase of CD can be
characterized by cardiomyopathy, arrhythmias, megaviscera, and, more rarely, polyneu-
ropathy and stroke [7]. TCD4+ and TCD8+ lymphocytes are the main cells responsible for
controlling parasitic infection. However, the immune response also contributes to tissue
damage and pathology [8].

Chagasic cardiomyopathy represents the main cause of mortality from this disease,
which can lead to heart failure, whose indication for treatment, especially in endemic
countries, may include heart transplantation (HT) as a strategy to curb the evolution of
this complication [6,9]. However, the immunosuppression and possible reactivation of
the causative agent T. cruzi following HT require intensive clinical care and laboratory
monitoring [10].

Other infections such as that caused by cytomegalovirus (CMV), a herpes virus that
infects up to 60–100% of people in adulthood, are associated with transplant compli-
cations [11]. Primary CMV infection is generally asymptomatic in immunocompetent
individuals, with the virus generating a latent infection. On the contrary, in immuno-
compromised and immunosuppressed populations, such as solid organ transplantation,
hematopoietic stem cell transplantation, and HIV/AIDS patients, CMV reactivation is
responsible for significant morbidity and mortality [12]. Although reactivation of infections
such as CMV and CD are often described in transplant recipients, there are no reports
of concomitant infection by T. cruzi, CMV, and SARS-CoV-2 in the context of HT in the
literature to date.

Therefore, in this report, we investigated the progress of two patients who underwent
HT at the Heart Institute of Hospital das Clínicas (Incor) and were subsequently transferred
to the special intensive care unit (ICU) of the Hospital das Clínicas (Hospital das Clínicas,
Faculty of Medicine, University of São Paulo-HCFMUSP) due to SARS-CoV-2 infection.
These patients were diagnosed with COVID-19 by nasopharyngeal detection of SARS-CoV-
2 RNA using reverse transcriptase polymerase chain reaction (RT-PCR). In addition, during
hospitalization, CMV dissemination was evidenced by quantitative DNA detection in the
blood. We describe herein the laboratory data from the first day of hospitalization due to
COVID-19 until the death of the patients.

The baseline characteristics of these two patients, as well as their past clinical data, are
summarized in Table 1.

Table 1. Patients’ characteristics, comorbidities, treatment, and complications.

Patient 1 Patient 2

Sex Female Male

Age 55 62

Positive SARS-CoV-2 RT-PCR date 1 June 2020 29 June 2020

Heart transplant date 2 May 2020 5 December 2019

Death date 30 days 207 days

Days between positive SARS-CoV-2
diagnosis and death

47 days 21 days

Complications during ICU stay

ARDS due to COVID–19; heart transplant
rejection, disseminated cytomegalovirus;
aggravated chronic kidney disease and

pressure ulcer

ARDS due to COVID–19, disseminated
cytomegalovirus and pancytopenia due to

hemophagocytosis

Previous comorbidities
Dilated cardiomyopathy of Chagas

etiology, hypothyroidism by thyroidectomy
by nodule 10 years ago

Cardiomyopathy of Chagas etiology,
disseminated cytomegalovirus, deep vein

thrombosis, systemic arterial hypertension,
diabetes, dyslipidemia, and chronic renal

failure
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Table 1. Cont.

Patient 1 Patient 2

Previous use of medications
Carvedilol, losartan, furosemide,

levothyroxine, isosorbide, and hydralazine Unknown

Medicines used during ICU stay

Methylprednisolone, azathioprine,
anti-thymocyte globulin, cyclosporine,

tacrolimus, meropenem, linezolid,
micafungin, vancomycin, polymyxin B,

tigecycline, amikacin, fluconazole,
ganciclovir, and hydrocortisone

Meropenem, colistin, linezolid
fluconazole, amikacin, cyclosporine,

azathioprine, and prednisone

ARD, acute respiratory distress syndrome; COVID-19, coronavirus disease 2019; ICU, intensive care unit; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.

2. Case Report

2.1. Patient 1

Female, 55 years old, presenting positive serology for CD since 2015, received HT on
2 May as a treatment for Chagas cardiomyopathy (Figure 1A) and underwent immuno-
suppressive therapy with methylprednisolone and azathioprine. Post-transplantation, she
developed pneumonia, treated with meropenem and linezolid, and a remittent Candida
tropicalis infection, treated with micafungin, with improvement. However, on 29 May, she
developed dyspnea and desaturation, with a chest tomography suggestive of COVID-19.
Her polymerase chain reaction (PCR) for SARS-CoV-2 was positive on 1 June.

Figure 1. Chest X-ray of (a) patient 1 from May 2020 and (b) patient 2 from June 2015, taken just before heart transplantation,
showing the Chagasic cardiomyopathy.

On 3 June, she was transferred to the ICU specialized for treatment of severe SARS-
CoV-2 infections. Laboratory analyses then showed that the patient had a reduced number
of erythrocytes and hemoglobin level, and these reductions became more accentuated by
day 33 in the ICU (Figure 2A,B). On this same day, the number of neutrophils peaked
(Figure 2D). From the 4th to the 16th day in ICU, important lymphopenia developed
(Figure 2F), resulting in an increase in the neutrophil-to-lymphocyte ratio in the same
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period (Figure 2H). Additionally, from the eighth day onward, she presented severe throm-
bocytopenia that persisted until death (Figure 2I).

Throughout the ICU hospitalization period, there were sustained high levels of creati-
nine, urea, D-dimer, C-reactive protein (CRP), and lactate dehydrogenase (Figure 2J,K,N,S,W).
On the 32nd day, she presented a sharp increase in prothrombin time and activated partial
thromboplastin time.

The cardiac function markers of creatine kinase myocardial band (CK-MB) and tro-
ponin remained elevated from the first days of ICU admission until death (Figure 2U,X).
On the day of admission to the ICU, the N-terminal pro b-type natriuretic peptide (NT
pro-BNP) was 70,000 pg/mL (reference value of <125 pg/mL) (Figure 2V). On the third
day of hospitalization, NT pro-BNP (155,117 pg/mL) and troponin (0.28 ng/mL, reference
value of <0.014 ng/mL) peaked, being related to the period in which she presented signs
of graft rejection, which was treated with pulse methylprednisolone, thymoglobulin, and
plasmapheresis. In addition, disseminated CMV infection was diagnosed (RT-PCR viral
loads of 122 IU/mL on day 10 and 54 IU/mL on day 19 of hospitalization), for which she
received ganciclovir.

After 47 days after diagnosis of SARS-CoV-2, the patient died (18 July) due to multiple
organ dysfunctions associated with COVID-19.

Figure 2. Daily clinical features of patients, from the first day of hospitalization in the ICU until death. Blood levels
of (A) erythrocytes, (B) hemoglobin, (C) leukocytes, (D) neutrophils, (E) eosinophils, (F) lymphocytes, (G) monocytes,
(H) neutrophil-to-lymphocyte ratio, (I) platelets, (J) creatinine, (K) urea, (L) prothrombin time, (M) activated partial
thromboplastin time, (N) D-dimer, (O) pH, (P) pO2, (Q) pCO2, (R) oxygen peripheral, (S) CPR, (T) glucose, (U) CK-MB, (V)
NT-proBNP, (W) lactate dehydrogenase, and (X) troponin T. Gray boxes represent the reference values.
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2.2. Patient 2

Male, 62 years old, previously diagnosed with CD, received HT on 5 December 2019
as treatment for Chagas cardiomyopathy (Figure 1B). He underwent immunosuppressive
therapy with cyclosporine, azathioprine, and prednisone. During postoperative hospital-
ization he presented Chagas reactivation characterized by skin biopsy and humoral graft
rejection, being treated with plasmapheresis and methylprednisolone.

The patient was admitted to the ICU of the Hospital das Clínicas on 8 June, presenting
cellulitis, deep vein thrombosis, and Chagas reactivation (a lower limb chagoma). The
latter was treated with benznidazol. During hospitalization, he tested positive for PCR of
SARS-CoV-2 on 29 June. He developed ARDS and septic and cardiogenic shock, which
were the causes of his death.

Throughout the ICU hospitalization period, he maintained decreased levels of erythro-
cytes, hemoglobin, and lymphocytes (Figure 2A,B,F), as well as a high neutrophil/lymphocyte
ratio (Figure 2H). From the 12th day, the number of platelets decreased and continued until
the time of death (Figure 2I). The values of creatinine, urea, and glucose also remained
high throughout the hospitalization period (Figure 2J,K,T). In addition, disseminated CMV
(viral loads of 711 IU/mL detected on the 28th day and 1477 IU/mL on the 35th day of
hospitalization) was diagnosed and treated with ganciclovir.

One day before death, the following laboratory parameters peaked: D-dimer (7612 ng/mL
FEU, reference value of <500 ng/mL FEU), CRP (280.6 ng/mL, reference value of 0.300 ng/mL),
CK-MB (8.38 ng/mL, reference value of 0.10–4.94 ng/mL), NT pro-BNP (55,393 pg/mL), lac-
tate dehydrogenase (1161 U/L, reference value of 135–225 U/L), and troponin (0.701 ng/mL)
(Figure 2N,S,U–X).

On 20 July, 36 days after admission to the ICU and 21 days after a positive COVID-19
diagnosis, the patient died.

3. Discussion

Herein, we described the first report of triple infection (SARS-CoV-2 infection, T. cruzi
infection, and CMV dissemination) in HT recipients. Patients received HT as a form of
treatment for Chagas cardiomyopathy.

We described the laboratory data from the first day of hospitalization in the ICU due
to COVID-19 until the time of death. Both patients were admitted to a referral center for
treatment for COVID-19 in the metropolitan region of São Paulo, a city in southeastern
Brazil. We hypothesize that the triple infection by SARS-CoV-2 and CMV may have been an
important cause of death and of the worsening in CD patients with HT. To date, there have
been no similar reports of patients presenting these three concomitant infectious diseases
and HT receptors.

COVID-19 infection among transplant recipients increases the potential for developing
severe illness [13] and may vary between different organ transplants [14,15].

SARS-CoV-2 entry´s receptor angiotensin converting enzyme 2 (ACE2) and trans-
membrane protease serine 2 (TMPRSS2) are expressed in different tissues, such as the
lungs, heart, liver, kidneys, testicles, thyroid, and adipose tissue [16]. Some patients with
COVID-19 develop severe disease characterized by respiratory distress syndrome and
systemic manifestations. This condition has been associated with the dysregulated release
of pro-inflammatory cytokines, termed “cytokine storm,” which may induce multi-organ
failure [1,17].

The use of immunosuppressants and post-surgical opportunistic infections can also
lead to damage of multisystem organs or even death [18]. There is a therapeutic paradox
here, because while insufficient immunosuppression results in graft loss due to rejection,
excessive immunosuppression can result in serious infection, including SARS-COV-2 [13],
besides contributing to the reactivation of pathogens [19].

Long-term administration of immunosuppressants to solid organ transplant (SOT)
receptors to reduce the risk of graft rejection may increase the risk of respiratory infec-
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tions [20], although there is no clear clinical evidence of increased morbidity/mortality in
SARS-CoV-2 infection [21].

Fernandez-Ruiz and collaborators [22] described a cohort of SOT receptors affected
by COVID-19, 44% of whom were kidney transplant recipients, 33.3% liver transplant
recipients, and 22.2% heart transplant recipients. The lethality rate was 27.8%, suggesting
that SARS-CoV-2 infection had a severe course in SOT recipients.

Recently, we described the first patients with CD affected by SARS-CoV-2. The CD
patients presented an increase in COVID-19 laboratory hallmarks and a rapid disease
progression. Despite the efforts of the health staff, both patients died [3].

HT may be associated with the reactivation of pathogens, as reported in CD [10]. In
a Brazilian cohort, the reactivation rate of Chagas disease after heart transplantation was
reported to be 38.8% [23]. This fact made HT as a treatment for Chagas cardiomyopathy
initially controversial. However, currently, especially in endemic countries, it is the most
viable therapeutic option for patients with end-stage heart failure [24]. We hypothesize
that, in the cases presented here, HT followed by reactivation of CD conferred an additional
risk factor for the worsening of COVID-19.

Transplant recipients are also commonly affected by CMV reactivation, being as-
sociated with significant morbidity and mortality [12] that may worsen the infectious
condition of COVID-19 [25]. In SOT, risk factors include the use of immunosuppressants
for transplantation, advanced age, acute rejection, and other concomitant infections [11],
with all these characteristics being present in both patients described herein. In the present
report, we observed that immunosuppression may have contributed to the susceptibility
to superinfections and more severe clinical manifestations in individuals undergoing HT.

Since overactivated immune responses can be one of the causes of organ damage, the
anti-inflammatory effects of immunosuppression can be protective, reducing the cytokine
storm related to complications in COVID-19 [26]. In this context, it has been described
that immunosuppressive therapy with calcineurin inhibitors in patients with solid organ
transplantation or systemic rheumatic diseases promotes a clinical course in SARS-CoV-2
infection, which is generally mild, and with an apparently low risk of superinfection [27].
In addition, immunosuppression has not been evaluated as a risk factor for SARS or
MERS [28].

However, in the present case report, we observed that immunosuppression may have
contributed to the susceptibility to SARS-CoV-2 infection, the reactivation of pathogens,
and more serious clinical manifestations in individuals undergoing HT. Corroborating
our findings, it was shown that patients with COVID-19 and cancer, due to their systemic
immunosuppressive condition caused by malignancy and anticancer treatments, such as
chemotherapy, had an increased risk of SARS-CoV-2 infection and a worse prognosis [29].
It has also been reported that chronic use of corticosteroids prior to SARS-CoV-2 contami-
nation is associated with critical disease outcomes, including a high risk of death [30].

These contradictory observations show that knowledge about the relationship between
COVID-19 and the patient’s immune condition is limited. Further studies are needed to
elucidate the immune responses and prognosis of COVID-19.

In general, HT in patient 1 proved to be successful for the treatment of Chagas
cardiomyopathy, with no reactivation of the pathogen. However, after SARS-CoV-2 in-
fection, she presented graft rejection, treated with methylprednisolone, thymoglobulin,
and plasmapheresis. There is a description in eye transplantation that COVID-19 infection
can compromise the balance of immunoregulatory responses that allow graft survival,
contributing to rejection in individuals infected with SARS-CoV-2 [31]. Thus, this change
in the balance of attenuation of the immune response, such as a reduction in the num-
ber of regulatory T cells (Tregs) [32], may favor direct cardiotoxic action and multiple
organ dysfunction.

During postoperative hospitalization, patient 2 presented Chagas reactivation, evi-
denced by skin biopsy, indicating that the CD was not completely controlled. In addition,
it is important to consider that immunosuppressive therapy can contribute to the reacti-
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vation of CD [33]. After HT, the patient presented graft rejection and was treated with
plasmapheresis and methylprednisolone. With this, before the SARS-CoV-2 infection, the
patient was already weakened and died 21 days after the infection, in relation to patient 1
who died after 47 days of infection.

4. Conclusions

This report highlights the first case of an association between COVID-19, CD, and CMV
dissemination in HT recipients. The patients had rapid disease progression to death. We
believe that HT and the usage of immunosuppressive drugs, as well as immunosuppression
generated by concomitant infections, may be an important risk factor for the development
of severe COVID-19, especially in endemic areas with underreported CD infection.
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Abstract: Family physicians or pediatricians and general practitioners (GPs) work in non-hospital
settings. GPs usually visit many patients, frequently at their homes, with low potential, if any, to
control the work setting. Particularly during the initial phases of the COVID-19 outbreak, they were
not informed about the occurrence of SARS-CoV-2-infected patients, with inadequate information
regarding the risk, a lack of suitable protective measures and, in some cases, deficient or poor
accessibility to personal protective equipment (PPE). During the first wave of COVID-19, primary
care physicians were on the front line and isolated the first cases of the disease. The present study
aims to estimate the seroprevalence of SARS-CoV-2 in a cohort of 133 GPs working in Catania (Italy)
after the first wave of COVID-19. Serological analysis revealed a low seroprevalence (3%) among
GPs. The low seroprevalence highlighted in the results can be attributed to correct management of
patients by GPs in the first wave. It is now hoped that mass vaccination, combined with appropriate
behavior and use of PPE, can help further reduce the risk of COVID-19 disease.

Keywords: COVID-19; healthcare worker; healthcare personnel; SARS-CoV-2; general practitioners;
medical doctor

1. Introduction

The novel coronavirus (SARS-CoV-2), the causative agent of Corona Virus Disease-
2019 (COVID-19), is the most severe global public health emergency of the twenty-first
century [1].

The disease, which appeared in Wuhan, China, in December 2019, quickly spread
across continents and was declared a pandemic by the World Health Organization (WHO)
on 11 March 2020 [2].

At 5 February 2021, SARS-CoV-2 has infected over 104,000,000 persons and caused
over 2,200,000 deaths globally [2].

Current information suggests that, in community settings, person-to-person transmis-
sion most commonly occurs via the respiratory droplets of the infected individual (through
coughing, sneezing, talking, etc.), close interaction with the infected person, or self-delivery
of the microorganism to the eyes, nose, or mouth via SARS-CoV-2 contaminated hands [3].

In health care scenarios, in addition to respiratory droplet-borne or contact-borne
transmission, airborne transmission can also occur via aerosol-generating operations [3].

SARS-CoV-2 is highly transmissible, and health care workers (HCWs) have been
occupied with the important risk of providing care to supposed or confirmed COVID-19
cases. Some reports have shown that numerous HCWs have contracted COVID-19 in
health care settings globally [4–8].

The WHO, the Center for Disease Control and Prevention (CDC), and the European
Centre for Disease Prevention and Control (ECDC) issued procedures for COVID-19

Trop. Med. Infect. Dis. 2021, 6, 21. https://doi.org/10.3390/tropicalmed6010021 https://www.mdpi.com/journal/tropicalmed

137



Trop. Med. Infect. Dis. 2021, 6, 21

management that endorse safety protocols for HCWs, such as using appropriate personal
protective equipment (PPE).

Nevertheless, because the suggested infection control protections have not been
adequate to prevent the spread of the SARS-CoV-2 infection among HCWs, unrecognized
risk factors may contribute to the transmission of viruses in hospitals [4–8].

However, not all healthcare is provided in a hospital setting. In particular, family
physicians or pediatricians and general practitioners (GPs) work in a setting away from
the hospital.

GPs usually visit numerous patients, frequently at their homes, with low potential,
if any, to control the work setting. Particularly during the initial phases of the COVID-19
outbreak, GPs were not informed of the occurrence of SARS-CoV-2-infected patients, with
inadequate information about the risk, a lack of suitable protective measures and, in some
cases, deficient or poor accessibility to PPE [9].

Modenese and Gobba reported that 44% of the COVID-19 related deaths among Italian
physicians were GPs [10].

In Italy, the first wave started at the end of January 2020 and in March, the government
implemented a series of restrictive measures. On March 5th, all schools and universities in
Italy locked their buildings to scholars. From 8 March to 4 May, the population was forced
to respect the lockdown.

In the province of Catania, 777 cases [11] of COVID-19 were reported until the end of
June, that is, the period of the effect of the lockdown.

The present study aims to estimate the seroprevalence of SARS-CoV-2 in a cohort of
GPs working in Catania (Italy) after the first wave of COVID-19.

2. Materials and Methods

In the province of Catania, there are approximately 1100 working GPs. From June
to July 2020, GPs working in the province of Catania (Italy) were recruited in this study
through contacts made via mail from a GP database obtained from the Medical Board.

The GPs who made themselves available to participate in the study were contacted by
email and filled out an online form that included the registration of: personal and work
data, number of patients with COVID-19, any previous diagnosis of COVID-19 through
molecular swab, eventual close contact with cases of COVID-19, possible presence of
symptoms of COVID-19 attributable to contact, presence of other pathologies.

Following the receipt of answers from the GPs, blood sampling sessions were orga-
nized, two at the University of Occupational Medicine, and four in the province. The
collected serum was immediately taken to the laboratory and analyzed the same day.

Serological analysis was performed using The NovaLisa® SARS-CoV-2 IgG (NovaTec
Immundiagnostics GmbH, Dietzenbach, Germany) ELISA method. The aim of the test was
the qualitative detection of IgG antibodies to SARS-CoV-2 virus in human serum.

Informed consent was obtained from all GPs. The present study was approved by the
ethics committee of Catania University Hospital (n. 54/2020).

Data were analyzed with the software SPSS 22.0 (SPSS Inc., Chicago, IL, USA) for
Windows. Descriptive analyses were performed using frequency percentages and mean
and standard deviation.

3. Results

An invitation email was sent to 170 GPs. A total of 133 elected to participate in the
study (response rate: 78%). The characteristics of the participating GPs are detailed in
Table 1.

As reported in Table 1, three GPs had a COVID-19 diagnosis. SARS-CoV-2 antibodies
were detected in 4 of 133 (3%) of GPs, and 2 (2%) had a “borderline” result. Table 2 reports
the seroprevalence results after ELISA analysis.
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Table 1. Characteristics of participating general practitioners (GPs).

Variables Results

Gender (Male; n, %) 62 (47%)
Age (Mean ± SD) 55.65 ± 11.24

Working seniority (Mean ± SD) 15.14 ± 13.62
Patients 994.44 ± 358.33

GPs with COVID-19 patients (n., %) 51 (38%)
GPs who had swabbed for SARS-CoV-2 RT detection (n., %) 21 (16%)

GPs with COVID-19 diagnosis 3 (2%)
GPs with close contacts with cases of COVID-19 (n., %) 78 (59%)

Probable cases 21 (20%)
Presence of COVID-19 symptoms (n., %)

Hyposmia * (n., %) 4 (3%)
Ageusia * (n., %) 2 (2%)

Fever > 37.5 ◦C * (n., %) 23 (23%)
Fatigue * (n., %) 65 (49%)

Muscle aches * (n., %) 52 (52%)
Sore throat * (n., %) 50 (50%)
Dry cough * (n., %) 48 (36%)

Nasal congestion * (n., %) 41 (31%)
Rhinorrhea * (n., %) 40 (30%)

Dyspnea * (n., %) 9 (7%)
Headache * (n., %) 53 (40%)

Abdominal pain * (n., %) 23 (17%)

* More than one answers was given.

Table 2. Seroprevalence of GPs.

Results n. (%)

Negative 127 (95%)
Positive 4 (3%)

Borderline 2 (2%)

4. Discussion

The aim of this study was to assess the SARS-CoV-2 seroprevalence, after the first wave
of the disease, among GPs working in Catania province (Italy). Probable cases, according
to WHO criteria [12], were 21 (20%). Serological analysis revealed a low seroprevalence
(3%) among GPs.

These low seroprevalence rates were found despite the treatment of 777 patients with
COVID-19 infections during the first wave [11] period in which GPs worked with very
few PPE available from the local health authority. Nevertheless, the degree of contagion
was lower in GPs compared to HCWs in direct contact with COVID-19 patients in hospital
settings. Other seroprevalence studies carried out among HCWs working in hospital report
higher rates of prevalence: Belgium (12.6%) [13], Spain (11.2%) [14], Italy (14.4%) [15],
Sweden (19.1%) [16], the United Kingdom (10.8–43.5%) [13,17], and the United States of
America (7.6–13.7%) [18,19]. The differences in these rates may be due to differences in
seroprevalence in the general population by May 2020: 8.0% in Belgium, 5.5% in Spain, 4.6%
in Italy, 3.7% in Sweden, 5.1% in the United Kingdom, and only 0.85% in Germany [20].

A recent study on duration of SARS-CoV-2 antibody carried out by Lumley et al. [21]
evidences that anti-spike IgG levels remained stably detected after a positive result in
94% of health care workers after 180 days, instead anti-nucleocapsid IgG levels rose to a
peak at 24 and the mean estimated antibody half-life was 85 days. Ongoing longitudinal
studies are required to track the long-term duration of antibody levels and their association
with immunity to SARS-CoV-2 reinfection and evaluate these two IgG fractions for guide
vaccination modalities.
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To date, no seroprevalence studies have been carried out among GPs by other re-
search groups.

Due to the type of work and the shortage of PPE, GPs contracted the virus at the
beginning of the spread of SARS-CoV-2. Subsequently, distancing rules were also adopted
within clinics, and overnight stays and contact were avoided unless requested. Thus,
contagion was able to be reduced.

It is has been found that rigorous use of appropriate PPE by HCWs when providing
direct care of all patients efficiently prevents COVID-19 transmission [22,23]. Moreover, a
study carried out by Brehm underlines that mindfulness of COVID-19 is crucial even when
suitable PPE is used.

Our results are in line with an investigation carried out by Arons [24], which proved
that pre-symptomatic patients play a crucial role in the spread of SARS-CoV-2 associated
with both community and healthcare facilities.

It is important to finalize strategies and procedures to prevent SARS-CoV-2 infection
among GPs, for example, specific guidelines for GPs to safely guarantee care for patients
during the spread of COVID-19. Another input could be the introduction of telemedicine
procedures to reduce direct contact with patients [10,25–27].

In conclusion, the low seroprevalence highlighted in these results can be attributed to
correct management of patients by GPs during the first wave. It is now hoped that mass
vaccination, in combination with appropriate behavior and use of PPE, can help further
reduce the risk of COVID-19 disease.
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Abstract: Amidst the COVID-19 global pandemic of 2020, identifying and applying lessons learned
from previous influenza and coronavirus pandemics may offer important insight into its interruption.
Herein, we conducted a review of the literature of the influenza pandemics of the 20th century;
and of the coronavirus and influenza pandemics of the 21st century. Influenza and coronavirus
pandemics are zoonoses that spread rapidly in consistent seasonal patterns during an initial wave
of infection and subsequent waves of spread. For all of their differences in the state of available
medical technologies, global population changes, and social and geopolitical factors surrounding
each pandemic, there are remarkable similarities among them. While vaccination of high-risk groups
is advocated as an instrumental mode of interrupting pandemics, non-pharmacological interventions
including avoidance of mass gatherings, school closings, case isolation, contact tracing, and the
implementation of infection prevention strategies in healthcare settings represent the cornerstone to
halting transmission. In conjunction with lessons learned from previous pandemics, the public health
response to the COVID-19 pandemic constitutes the basis for delineating best practices to confront
future pandemics.

Keywords: pandemic; COVID-19; coronavirus; SARS-CoV-1; SARS-CoV-2; MERS; SARS; influenza

1. Introduction

Throughout the history of mankind, pandemics have consistently produced large-scale
demographic, economic, and political disruptions [1,2]. Due to their unpredictable course, fear and
anxiety amplify the overall impact of pandemics. Globally, we have experienced multiple waves of
the spread of the coronavirus associated disease 2019 pandemic (COVID-19), which is caused by the
novel coronavirus SARS-CoV-2 [3]. By November 2020, this pandemic has reached every corner of the
planet, and similar to previous pandemics, it has caused substantial medical, economic, and social
disruption leading to almost 58 million cases and more than one million deaths [4]. Modern-day
experience with pandemics has combined a myriad of public health responses in an attempt to suppress
these rapidly evolving pathogens during an era of increased globalization and international travel.
While there is a large amount of uncertainty surrounding COVID-19, we have blueprints of similar
widespread events that have occurred in the past, particularly the Black Death in the Middle Ages
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and many influenza pandemics [2]. Unfortunately, pandemics are becoming much more common
compared to previous centuries, as shown by the proximity of the 2003 SARS pandemic, the influenza
H1N1pdm2009, Chikungunya in 2014, Ebola from 2014–2015, and Zika in 2015. In this narrative review,
we compare salient epidemiological aspects of the major influenza and coronavirus pandemics of the
20th and 21st century to identify potential patterns and lessons learned that may assist us in mitigating
the impact of the current COVID-19 pandemic.

2. Emergence of the Third Coronavirus in the 21st Century

In November 2002, the severe acute respiratory syndrome (SARS) emerged in Southern China.
This event marked the documented coronavirus emergence that spread through 20 countries, causing
approximately 8000 cases and 800 deaths by producing viral pneumonia and respiratory failure
(fatality rate of 9.5%). Traditional public health actions used to control the SARS pandemic included
active case detection, isolation of cases, contact tracing with the isolation of cases, social distancing,
and community quarantine. Since most of the transmission of SARS-CoV-1 occurred in healthcare
settings, the implementation of effective infection prevention interventions resulted in the interruption
of clusters of transmission by July 2003. Similarly, the human case of the Middle-East respiratory
syndrome (MERS) appeared in Jordan in April 2012 and Saudi Arabia in September 2012, associated
with important transmission in healthcare settings and a case-fatality rate of 34%. The COVID-19
pandemic has caused unprecedented medical, social, and economic turmoil that is only comparable to
the 1918–1919 influenza pandemic and serves as a stark reminder of how pandemics have molded and
marred the evolution and history of humanity [2]. The SARS-CoV-2 coronavirus has been circulating
for more than 11 months since it was initially identified in China’s Hubei province in December 2019 [3].
Some of the countries that were most heavily affected by the initial spread of COVID-19 are now seeing
new waves of transmission with potentially catastrophic consequences in regions of the Northern
Hemisphere entering the winter season [4].

The emergence of zoonotic infections capable of infecting humans has been a relatively common
occurrence throughout history. The rate at which these infections cross the animal-human barrier has
risen in the 21st century due to increased human-animal contact, habitat destruction, the industrial
model of agriculture, and population growth [5]. The transmission has been facilitated by factors
such as globalization and ease of travel. This context is important when examining the potential for
SARS-CoV-2 to spread across multiple species and generate similar reservoirs. While SARS-CoV-1 and
SARS-CoV-2 have proven animal origins, the prevailing theory is that both strains emerged in settings
that allowed for a variety of animals to come into close contact with each other [6]. Evidence points to
the fact that both coronaviruses were originally harbored in horseshoe bats; however, the identification
of an intermediate host remains elusive [7,8]. There is evidence that SARS-CoV-1 is able to be spread to
domestic cats, ferrets, and even macaque monkeys. With this knowledge and the growing evidence that
SARS-CoV-2 could be highly transmissible to both cats and ferrets, the possible reservoirs for future
spread are exponentially larger than was initially considered and across many continents [6,9,10].

The antigenic novelty of a pandemic virus or antigenic shift from a previous pandemic virus
can profoundly influence pandemic severity across different regions, populations, and points in time.
Indeed, an influenza pandemic arose when novel influenza A viruses containing a new hemagglutinin
surface protein subtype present in viral strains derived from waterfowl or swine spread among
immunologically naïve human populations. Furthermore, the underlying degree of immunological
exposure can play an important role in the impact of a pandemic. This was exemplified during
the H2N2 influenza pandemic of 1957, where genetic reassortment into the H3N2 strain was then
responsible for the subsequent 1968 pandemic. The retained neuraminidase (N2) surface antigen in
this recombination event conferred partial immunity to the pandemic in 1968–1969, particularly in the
European and Asian countries that were heavily impacted by the pandemic in 1957 [11]. The partial
immunity these areas gained in 1957 is thought to have contributed to the relatively mild first wave
they experienced 10 years later. However, many of these areas were also impacted by an H3 antigenic
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shift that occurred mid-pandemic. This shift is thought to be a driver for the high number of deaths
experienced during the second wave in Europe and Asia (70% of all deaths). This pattern was very
different in North America, where 70% (USA) and 54% (Canada) of deaths occurred during the first,
larger wave of the early fall, theorized to be partially due to the lack of partial immunity conferred from
the 1957–1958 H2N2 pandemic [12]. In the case of SARS-CoV-2 infection, there is evidence that some
cross-reactive immunity may be conferred by the long-term circulating coronaviruses associated with
the common cold (CoV HKU1, CoV NL63, CoV OC43, and CoV 229E). While the degree of immunity
conferred by coronaviruses is thought to be short-lived, it may affect the severity, age distribution,
and geographic transmissibility of COVID-19 [13].

Mutations of the novel strain within the pandemic period can also influence which waves have
the highest case fatality and affect differences in wave transmission patterns by country. An example
of mutations occurring throughout multiple seasons of a pandemic took place during the 1918 H1N1
pandemic, where the first wave occurred quite early in June and July in Europe and North America.
While there is fragmentary data on the sequence of the virus present in the first wave, we do know
from samples that there were strains of the H1N1 virus present during the second wave. However,
with the case of 1918–1919, there was conflicting evidence on the influence these H1N1 mutations had
on mortality and transmissibility [14]. These mutations go both ways, as seen in the 2004 resurgence of
SARS-CoV-1 in South Korea, where a mutation had occurred after the first wave/emergence of SARS.
The mutation decreased the S2 protein to the ACE-2 receptor, resulting in decreased transmissibility,
disease severity, and mortality compared to the original SARS-CoV-1 sequence [15].

Another inter-pandemic variable is cross-protection, or the number of people exposed who will
have immunity in subsequent waves. The basic concept being the relative steps to herd immunity in
each wave. In the 1918 influenza pandemic, both the US and British military bases exposed to the first
wave provided a 35–94% protection against severe symptoms and 56–89% protection against death
during the second wave [16–18]. This strategy was recently employed in Sweden, where lockdowns
were minimized compared to most countries facing COVID-19 with the expectation that herd immunity
would be reached faster to minimize further waves of transmission. It should be stated that this is not
a realistic approach for many countries as it works best when a country has a certain age demographic
(younger and healthier populations) and a healthcare system capable of handling a large number
of cases.

During the COVID-19 pandemic, case isolation and tracing of contacts have given way to
mitigation interventions attempting to reduce the number of hospitalization and fatalities. Indeed,
the SARS-CoV-2 coronavirus has shown to be efficiently transmitted within households and in the
community and with a significant amount of transmission occurring during the incubation period by
presymptomatic individuals and by asymptomatic infections2. Timely quarantine of close contacts is
important in preventing onward transmission during the incubation phase of the infection. In many
countries, we have witnessed subsequent waves of community and household transmission leading to
significant disruption, suffering, healthcare utilization, and a growing number of case-fatalities.

3. Seasonality of Pandemics

Multiple waves of infections are often a mainstay of pandemics (Table 1). It should be stated that
when analyzing wave pattern projections for SARS-CoV-2, little data can be drawn from the other
coronavirus pandemics. The 2003–2004 SARS-CoV-1 pandemic would appear as if it occurred in a
single wave. However, the confinement of this virus and its limited spread to just over 8000 people
make drawing parallels nearly impossible. The main thing noted in the seasonality of SARS-CoV-1
was that it appeared to spread rapidly in humans from March to June of 2003. Similarly, with MERS,
this virus has had a much smaller total number of cases, was facilitated by camel to human transmission
and arose in a very different environment than other pandemic viruses. The main trend seen with
MERS seasonality was that between 2012–2017 the smallest number of cases were seen in July and
tended to increase throughout the year, with 52.7% of all cases having occurred in April, May, and June
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of each year [19]. For these reasons, the discussion of seasonality and multiple waves will be limited to
influenza pandemics. The timing of multiple pandemic waves is highly variable and unpredictable
due to the large number of factors contributing to disease emergence and spread. Most pandemics
have multiple waves peaking in non-summer months, with subsequent waves causing high levels of
mortality and large variability between different regions around the globe. Although mechanisms
leading to subsequent waves of infection and predicting future pandemic wave patterns are not well
understood, there are a series of determinant variables we know to influence wave timing and severity.
Discussed in more depth during this section, it would appear climate and environment is the major
driver in seasonal timing of waves and lack of summer outbreaks. Viral (prior immunity, cross-wave
immunity, mutation, etc.) and human determinants (changing population size, NPI employments,
vaccines, and social changes) appear to be major drivers in the number of waves seen and help to
determine the variations seen in different pandemics (Table 1).

Table 1. Comparison of influenza pandemics from late 19th to 21st century.

Virus
Pandemic

Years

Waves
(Duration)

Timing
Most Severe

Wave
Post-Pandemic

Resurgences
Other facts

H3N8
Russian Flu
1889–1890

3
(3 years)

W1: 1889–1890
W2: 1890–1891
W3: 1892–1893

N/A
3 each separated by
3 years. Concurrent

with seasonal flu

Gradually from Asia to
North America, with

peak wave timing
spread over months.

H1N1
Spanish Flu
1918–1919

3
(9 months)

W1: Jun–Jul 1918
W2: Oct–Nov 1918
W3: Feb–Mar 1919

2
R1: Jan–Apr 1920

R2: Dec 20–May 21
R3: Dec 21–Apr 22

W1 mostly in the US
and Europe. W2 and 3
similar timing globally

H2N2
Asian Flu
1957–1959

3
(15–18 months)

W1: Sep–Dec 1957
W2: Dec–Mar 1958
W3: Dec 58–Apr 59

2 -

Midst of Vietnam war
with heavy annual

travel of soldiers from
Asia to United States

H3N2
Hong Kong
1968–1970

2
(12–18 months)

Based on global circ.
W1: Jul 68 to Aug 69
W2: Sept 69–Sept 70

2 -

Travel based spread
due to the Vietnam

war. US and Canada
W1 most severe. All
other countries W2

had highest mortality

H1N1
Swine Flu
2009–2010

1 Epidemic
2 Pandemic
(12 months)

E1: Jan–Mar 2009
W1: Mar–Aug 2009
W2: Aug 09–Jan 10

2
(Fall) -

Following the 2008
economic crisis with

overflow effects on the
availability of

international aid

Part of the variability of seasonality we have seen is also due to the fact that human society has
been a moving target for each strain. For example, the 1889 pandemic had the first wave initiated in
Europe during the end of spring in 1889 and did not peak in the United States until the beginning of
1889–1890. The lack of globalization and intercontinental travel may have influenced both the slow
spread and its waves being annual [20]. This may have also been a factor as in 1889, the three resurgent
spikes in strain infectivity were approximately spaced by 3 years. However, with the pandemic of
1918 and many of the pandemics since, the viral strains have had their resurgent waves follow a
more annual pattern along with other seasonal flu viruses. With the exception of the severity of the
1918 H1N1 influenza pandemic, the gradual increase in travel and the global population has altered
the homogeneity of waves around the world in subsequent pandemics. The SARS-CoV-2 first wave
occurred within Asia, Europe, and North America within a 3-month period. For our current pandemic
and future novel viruses that have a threshold transmissibility, the likelihood of global spread is
elevated and is more likely to share simultaneous wave patterns than wave patterns described in
influenza pandemics of the 20th and 21st centuries; and of the SARS pandemic.

The influence of seasonality has been one of the strongest and most consistent variables in wave
timing and refractory periods. This is true for both seasonal pandemic influenza strains with decreased
infectivity during periods with increased temperature and absolute humidity [21]. This can help to
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account for why most pandemic strains have shown a refractory period of decreased cases during the
summer months. However, while these trends have also been seen with beta-coronaviruses, a recent
study on the likelihood of SARS-CoV-2 entering into the seasonal flu community in the post-pandemic
period has estimated that the influence of summer climate aspects may only decrease the likelihood
of spread of SARS-CoV-2 by less than 20% [13,22–25]. While it is likely that environmental factors
decrease the transmissibility of SARS-CoV-2, we are unable to say whether it occurs to the same degree
as seen with influenza [22,26–28].

In 1968–1969, the H3N2 pandemic was the first time the United States engaged in wide-scale
federal regulation of quarantine, social distancing, and personal protective equipment for both health
care workers and civilians. All of these measures would have helped decrease the initial wave severity.
Unfortunately, the lack of regulations allowed schools to commence following the winter break,
which likely catalyzed the dual peaked first wave observed 2 months later [5]. This was by no means
the only factor in the United States, as military bases and communal areas potentiated the chain of
transmission. It appears that another wave of SARS-CoV-2 transmission in the United States correlates
with school openings and, to some degree, to the political events and messaging prior to the elections
of 3 November 2020.

4. Clinical Outcomes of the Different Pandemics

The pandemics discussed here span a period of over 100 years, during which advances in the
biomedical and clinical landscape have improved our understanding of severe pandemic outcomes.
One of the most common severe outcomes of most viral respiratory pandemics is acute respiratory
distress syndrome (ARDS). Multiple mechanisms contribute to this syndrome’s progression, such as
the host’s immunophenotype as well as their comorbidities [29,30]. As a result, ARDS severity and
presentation can differ dramatically. Early COVID-19 studies report that 20–42% of hospitalized
patients develop ARDS, subsequently some of these critically ill patients are then discharged home
and expected to reintegrate into their communities. While improvements in ICU care will save many
lives, many of these individuals will suffer from long-term sequelae dubbed “post-ICU syndrome” [31].
This includes reductions in their mental, cognitive, and psychological health, muscle weakness,
decreased pulmonary function, and prolonged return to their activities of daily life. Health care
systems must plan for the surge in post-ICU syndrome and its complications, especially for the most
vulnerable groups in our community.

Secondary bacterial infections (SBI) are a well-studied severe outcome of influenza pandemics.
Data indicate that, on average, between 11–35% of hospitalized patients with influenza have a
bacterial co-infection, with this number being as high as 65% in immunocompromised individuals [32].
This outcome was also a likely cause of death during the 1918 influenza pandemic, prior to the advent
of penicillin [33].

The role of SBIs in COVID-19 is less clear. Early reports suggested co-infections with respiratory
pathogens were a rare occurrence, but recent studies have identified co-infections in up to 25.8% of
hospitalized patients, with rates rising to 65% among ICU patients alone [34,35]. The majority of these
were caused by viral pathogens, with bacterial and fungal infections being more common among
severely ill patients [35]. Most of these studies do not provide data on the timing and development of
SBIs, but the prolonged length of illness and high intubation rates may explain many of these cases.
As in most pandemics, with the 2009 H1N1 pandemic being the exception, those above 65 years of
age have represented one of the groups most at risk for severe outcomes, including ICU admission,
mechanical ventilation, and death [3,9,36].

5. Mortality and Case Fatality of Pandemics

The ways in which we access mortality and case-fatality for each pandemic have changed
drastically from 1918 to the present [37–45]. This should first be explained as direct comparisons are
often difficult due to these differences in mortality parameters (Table 2). This table is by no means a
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definitive record of the infection and mortality rates brought about by these pandemics. These numbers
are widely contested, many of the cases may not have been recorded, and the records that do exist vary
greatly in coverage and reliability.

Table 2. Comparison of influenza and coronavirus pandemics of the 20th and 21st centuries.

Pandemic Viral Strain
Total Infected

(Globally)
Total Deaths
(Globally)

Case Fatality
Rate (%)

Basic Reproductive
Number (R0)

Reference for
CFR Estimates

Spanish Flu
(1918–1919)

aH1N1 300–450 million 20–50 million CMR ~2.5% * 2.11–2.5 [37]

Asian Flu
(1957)

aH2N2 500,000,000 700,000–1.5 million 0.02–0.05% 1.8 [43]

Hong Kong Flu
(1968)

aH3N2 500,000,000 500,000–2.0 million 0.67% 1.28–1.58 [43]

Swine Flu
(2009)

H1N1pdm 200,000,000 2185–284,000 1.09% 1.33–1.38 [28]

SARS
(2003)

SARS-CoV-1 8098 774 9.6% 2.4 [44]

MERS
(2012)

MERS-CoV 2499 858 34.4% 1.1–1.2 [44]

COVID-19
(2020)

SARS-CoV-2 58,480,000 1,385,000 2–3% 1.5–3.5 [45]

* Crude mortality rate (CMR) of ~2.5% calculated based on excess mortality observations, which may be misleading
due to large geographic variations and gaps in data. Note that CMR should not be confused with Case Fatality
Rate (CFR). Estimates of R0 were based on analysis of mortality data from the fall wave in the United States and
United Kingdom.

When looking at the earliest pandemic discussed here (1918–1919 H1N1), the lack of data from
both the time period and chaotic environment of WWI limit wide analysis of mortality. Much of
these data are taken from retrospective studies on individual communities, areas which took a more
detailed recording of the deaths and probable causes than much of the world at this time, usually
documented as “total deaths”. These data are often extrapolated and overall estimates should be seen
to have a very large range of error. This changed for both the 1957–1958 and 1968–1969 pandemics,
where technology had progressed to the point of identifying the viral culprit during the pandemic
and the implementation of better tracking and mortality data for non-pandemic years. In these cases,
“excess mortality” for various age groups is the most common method. Usually using the Serfling
Regression model, which compares deaths during the pandemic to pneumonia and influenza deaths
in the preceding 5–10 year’s seasonal flu mortality data. The most recent pandemics tend not to
use “excess mortality” to the same degree. With the advent of PCR in the late 1980′s allowing for
confirmation of infection in patients and post-mortem viral detection in unknown cases, pandemics
such as SARS-CoV-1 are often reported as total infections, total deaths, and age group share of total
deaths (what percentage of all deaths can be attributed to each group) [23].

It is also important to state that the statistics of mortality may be somewhat skewed as there is little
data for any pandemic on the number of infections and deaths for equatorial countries, with the majority
of data coming out of Europe, North America, Australia, and a handful of countries in Asia. This has
implications as there are differences in life expectancy and the average age of populations, thus the
impact each pandemic may have had is different in different areas. For the most part, understanding
how these viruses affected various age groups in Europe and North America, with data from China,
Japan, and South Korea coming with more recent pandemics. This can be seen with SARS-CoV-1
where it appears that the CFR and percentage of total deaths in Mainland China are higher in the
60–79 age range (25.51% CFR and 36.15% of total deaths) than in the 80–93 age range (17.74% CFR
and 3.21% of total deaths) [24]. While this data looks different than in other countries, which have
age and age-dependent CFR directly correlated, it may be due to the younger demographics in China
and the proportionally smaller 80–93 aged population having decreased exposure in metropolitan
public spaces (Figure 1). There is also a certain degree of change that happens as models progress
overtime. This was seen as recently as with the 2009 H1N1 pandemic where in the years following the
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pandemic, the CDC has estimated the global death toll may be closer to 280,000 deaths than the 2184
lab-confirmed deaths initially reported [25]. Knowing the implications of excess mortality definitions
changing over time and the somewhat limited ability to extrapolate data from a limited geographical
and economic subset to the world, let us discuss the general trends seen.

Figure 1. Age group dependent CFR (left column) as compared to % of total deaths for various age
groups (right column) mortality (left column) for SARS-CoV-1 in Mainland China. Showing how CFR
is much higher for advanced age while the majority of deaths occurred in younger populations exposed
to the virus in both the community and hospitals [24].

For influenza, there tends to be a general trend that the two most heavily hit age groups are the very
young and those over the age of 65, commonly referred to as the “U-shaped” distribution. This trend
has been true for the most part for both seasonal and pandemic strains. There is, however, an exception
for the H1N1 pandemics of both 1918 and 2009. In these two cases, there seems to be increased excess
mortality for young adults not seen with other influenza (Figures 1 and 2). This is especially true for
1918, where a “W-shaped” excess mortality curve is seen. With a number of compounding factors,
young adults (15–35 years of age) had a heightened death rate (per 100,000 population) [14].

The other atypical trend seen in 1918 was that when comparing death rates to pneumonia and
influenza of 1913 to 1917, people over the age of 74 had negative excess mortality [26]. A similar trend
was seen in 2009 with elevated mortality of those under the age of 20 [27,28]. In both these cases,
there seems to be a trend where a H1N1 related strain had been circulating decades beforehand and
then gone dormant for a few decades. This provided mortality protection for older generations and
increased mortality for younger generations that were not exposed to the virus during their lifetime.
The 1957 and 1968 pandemic both show a more typical influenza excess mortality curve where the two
most affected groups are those under the age of 4–5 and those over the age of 65, as can be seen for
1957–1959 below (Figure 3). When looking at the changes from 1918 to 2009, one of the most consistent
trends is that excess mortality for those over the age of 65 has remained quite high, while the excess
mortality for young children has decreased with medical advances. Lastly, it is important to note that
while excess mortality and the percentage of total deaths have decreased for young children, just like
in 2009, these groups still maintain a large number of hospitalizations and a large total burden on the
health care system.
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Figure 2. Mortality visualizations for H1N1 pandemics of both 1918–1919 and 2009. Averaged mortality
(upper left) as compared to excess mortality (upper right) due to 1918 H1N1 pneumonia and influenza
(P&I) pandemic. Excess death rates [5] are shown for the 2009 H1N1 pandemic for both the country of
Mexico (lower left) [38] and France (lower right) [39].

 
Figure 3. Excess deaths (right column) and total percentage of deaths (right column) due to 1957–1959
Influenza pandemic [40].

This is quite different from Coronavirus excess mortality and total deaths. For both seasonal and
pandemic CoV strains, there is a consistent trend where increases in age and mortality are directly
related. When analyzing SARS-CoV-1 and MERS-CoV, there are still cases of children and young
adults having some deaths. As referenced in the “Clinical outcomes of different pandemics” section,
the proportion of hospitalizations and deaths increases with each decade of life, somewhat stabilizing
with those over the age of 65–75. This trend is seeming to be true for SARS-CoV-2 as well, even when
looking at countries with different relative age group populations. What is also noticeable about the
regional data available for SARS-CoV-2 is the changes to the total % of deaths depending upon the
demographics of the area. When comparing the United States, Colorado, and New York City (Figure 4),
it can be shown how demographic data can often skew how the total death share appears. This is most
evident in New York City, where the population demographics are noticeably younger than for the
United States as whole.
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Figure 4. Deaths based on three regions for SARS-CoV-2, data included was last updated between
14 November–22 November 2020. The top row shows the percentage of total SARS-CoV-2 deaths (left
column), regional demographics (middle column), and the total number of deaths (right column) for
the United States, Colorado, and New York City. This serves to show how regional demographics can
influence total death share data and can change noticeably throughout different regions. For the United
States and Colorado, data were compiled from the CDC Provisional COVID-19 Data Sets [41]. For New
York City, the city government’s data set was used [42].

6. Conclusions

When comparing major influenza and coronavirus pandemics in recent history, it becomes
clear that their similarities are not mere coincidences but seem to be somewhat inherent to how
and why certain pathogens are easily transmitted from person to person and usually by multiple
modes of transmission. In the past 100 years, all major pandemics have been caused by respiratory
viruses that emerged during the winter season in the Northern Hemisphere during the second
half of the normal flu season. They have all originated from a non-human source and most have
exhibited the ability to cross from humans back into certain animal populations serving as the site for
antigenic shifts or genetic recombination events. While there is no guarantee all future pandemics
will follow these trends, understanding these animal to human transmission patterns may assist us
in preparing for future emerging infections. Pandemics tend to occur in at least two consecutive
waves of transmission. The impact of each wave depends on the underlying level of immunity of the
population and community mitigation interventions. In every pandemic, there are specific age groups
at risk of developing severe disease and dying. Most of these outcomes are the result of large pools
of immunologically naïve populations, immunosenescence of the elderly, and a high prevalence of
medical comorbidities. Among many influenza pandemics, school-age children were major drivers
of household transmission. The COVID-19 pandemic has been associated with a high-attack rate
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among household contacts. Therefore, the prompt institution of mitigation interventions including
non-pharmaceutical interventions such as social distancing, travel restrictions, interruption of mass
gatherings, and community quarantine is critical to achieving at least a 50% reduction in transmission,
which correlates with a basic reproductive number lower or equal to one (R0 ≤ 1).

The development of vaccines is a vital part of any pandemic response. However, in all cases
starting with the great influenza pandemic of 1918–1919, the timeline for vaccine development, testing,
approval, and production has been inadequate to have a substantial effect in mitigating the spread
and impact of each pandemic. The first 2–3 waves are most likely to occur within 12–15 months of
the virus originating and therefore it is crucial to focus on mitigating interventions targeting infection
prevention strategies [12]. Indeed, it is important to allocate the bulk of our public health efforts to
non-pharmacologic interventions and to the medical care of symptomatic cases to reduce fatalities
until safe and efficacious vaccines are fully developed and distributed. Another important aspect to
consider during a pandemic is maintaining adequate coverage levels of routine childhood vaccination
in order to prevent the occurrence of outbreaks of vaccine-preventable diseases.

Given the degree of globalization and interconnectivity of modernity, pandemics remain as
perennial threats for human societies. We can never be fully prepared for future pandemics. However,
given that pandemics tend to disproportionately impact socially disadvantaged populations, there is
an important urgency to continue addressing health inequities and structural social vulnerabilities that
many people globally endure.
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Abstract: (Background) Lopinavir-ritonavir (LPV/RTV) is a human immunodeficiency virus (HIV)
antiviral combination that has been considered for the treatment of COVID-19 disease. (Aim) This
systematic review aimed to assess the efficacy and safety of LPV/RTV in COVID-19 patients in the
published research. (Methods) A protocol was developed based on the Preferred Reporting Items for
Systematic reviews and Meta-Analysis (PRISMA) statement. Articles were selected for review from
8 electronic databases. This review evaluated the effects of LPV/RTV alone or in combination with
standard care ± interferons/antiviral treatments compared to other therapies, regarding duration of
hospital stay, risk of progressing to invasive mechanical, time to virological cure and body temperature
normalization, cough relief, radiological progression, mortality and safety. (Results) A consensus
was reached to select 32 articles for full-text screening; only 14 articles comprising 9036 patients were
included in this study; and eight of these were included for meta-analysis. Most of these studies
did not report positive clinical outcomes with LPV/RTV treatment. In terms of virological cure,
three studies reported less time in days to achieve a virological cure for LPV/RTV arm relative to
no antiviral treatment (−0.81 day; 95% confidence interval (CI), −4.44 to 2.81; p = 0.007, I2 = 80%).
However, the overall effect was not significant (p = 0.66). When comparing the LPV/RTV arm to
umifenovir arm, a favorable affect was observed for umifenovir arm, but not statically significant
(p = 0.09). In terms of time to body normalization and cough relief, no favorable effects of LPV/RTV
versus umifenovir were observed. The largest trials (RECOVERY and SOLIDARITY) have shown that
LPV/RTV failed to reduce mortality, initiation of invasive mechanical ventilation or hospitalization
duration. Adverse events were reported most frequently for LPV/RTV (n = 84) relative to other
antivirals and no antiviral treatments. (Conclusions) This review did not reveal any significant
advantage in efficacy of LPV/RTV for the treatment of COVID-19 over standard care, no antivirals or
other antiviral treatments. This result might not reflect the actual evidence.

Keywords: COVID-19; efficacy; safety; kaletra; lopinavir/ritonavir; meta-analysis
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1. Introduction

Since the emergence of an unknown viral infection with its first cases in China in December
2019 and following the identification of this infection as 2019-new coronavirus disease (2019-nCoV,
also known as COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1],
the world has worked to find effective therapeutics and vaccinations to treat hundreds of thousands of
affected patients and to reduce the spread of this global pandemic [2].

As of 2 June 2020, there were 1104 registered clinical trials of COVID-19 therapeutics or vaccinations
worldwide that either had ongoing or were recruiting patients; however, at that stage no drug or vaccine
had officially been approved for COVID-19 [2,3]. These trials have produced mixed and conflicting
results of positive or negative outcomes and inclusive evidence of efficacy or safety, that render the
suspension of some trials inevitable, as in the hydroxychloroquine trials, which was suggested by
the World Health Organization (WHO) in light of safety concerns [4]. This decision was reversed on
3 June 2020 [5], following a retraction of the research article by the Lancet as certain authors were
not granted access to the underlying data [6]. As the pandemic evolves, the amount of evidence
regarding the benefit of hydroxychloroquine in the treatment of COVID-19 patients has grown. A recent
systematic review included 32 studies for a total 29,192 studied participants found treatment with
hydroxychloroquine confers no benefit in terms of mortality in hospitalized patients with COVID-19
compared to standard care [7].

Lopinavir-ritonavir (LPV/RTV) is a protease inhibitor and nucleoside analog combination used
for human immunodeficiency virus (HIV-1) and was also thought to be a potential treatment for
COVID-19 [8], as its therapeutic value in the treatment of COVID-19 was assessed by in-vitro studies
that claimed inhibition of several viral corona respiratory illnesses, including severe acute respiratory
syndrome (SARS-CoV), and Middle East Respiratory Syndrome (MERS) [9–11]. Only recently, LPV/RTV
therapy was hypothesized to be of no antiviral efficacy against SARS-CoV or MERS-CoV because the
recommended dosages supplied to patients included in the published studies were subtherapeutic [12]
and doses higher than 400 mg/100 mg twice daily are suggested [13].

Lopinavir (LPV) is an aspartic acid protease inhibitor of HIV, where inhibition of proteases
enzymes is essential for the intervening of the viral infectious cycle. LPV is co-formulated with
ritonavir (RTV) to boost the pharmacokinetic activity and half-life of LPV through the inhibition
of cytochromes P450, providing adequate suppression of viral load and constant improvements in
CD4+ cell counts, as demonstrated in randomized trials in naïve and experienced adult and child HIV
patients [8].

There is conflicting evidence regarding the use of LPV/RTV for the treatment of COVID-19
patients; and evidence is currently scarce and of low quality. LPV/RTV is available as a single-tablet
formulation (Kaletra®, North Chicago, IL, USA) in dosage strengths of 400/100 mg or 200/50 mg, and in
clinical trials, this combination reduced rates of acute respiratory distress syndrome (ARDS) or death
compared to supportive care or ribavirin alone in a matched cohort group during the early phase of
viral acquisition [11].

LPV/RTV is being examined in several international clinical trials, including the RECOVERY
trial and SOLIDARITY WHO trial [14], but did not gain authorization to be used emergently
in the current pandemic in the USA by the Food and Drug Administration (FDA),
which has approved only three pharmacologically different therapeutics for treatments of
COVID-19, including antibiotic-hydroxychloroquine, immunotherapy-convalescent plasma therapy,
and antiviral-remdesivir [2,14].

Among the clinical trials that did not find positive results for LPV/RTV, a study conducted by
Bin Cao et al. published in the New England Journal of Medicine [15] revealed that treatment with
LPV/RTV was not associated with clinical improvement beyond standard care or reduction in mortality
rate at 28 days in hospitalized adult patients with severe COVID-19.

To date, LPV/RTV combination is available in some countries’ therapeutics guidelines including
USA [16], Saudi Arabia [17], and Ireland [18], which means that the medicine has tenable evidence of
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efficacy; however, considering that early negative and conflicting results have emerged [15], there is a
need to assess the efficacy and safety of this COVID-19 treatment in a systematic manner.

2. Aim of the Study

This systematic review and meta-analysis aimed to assess the efficacy and safety of LPV/RTV in
COVID-19 patients in published research.

3. Methods

This systematic review was conducted with reference to the basics of Cochrane Handbook for
Systematic Reviews of Interventions [19], described as stated by the Preferred Reporting Items for
Systematic reviews and Meta-Analysis (PRISMA) statement [20].

3.1. Search Strategy and Selection Criteria

A systematic review protocol was developed based on PRISMA-P and the PRISMA statement.
Published articles from 1 December 2019, to 20 November 2020, were selected for review from
8 electronic databases (PubMed, CINAHL, Embase, medRxiv, Proquest, Wiley online library, Medline,
and Nature).

The focus of the review was LPV/RTV treatment in COVID-19 patients. The primary outcome was
the efficacy of LPV/RTV in COVID-19 patients. The secondary outcome was adverse events associated
with its use.

3.2. Inclusion Criteria

Readily accessible peer-reviewed full articles, observational cohort studies, and clinical trials
were included.

3.3. Participants

Patients with a positive SARS-CoV-2 reverse-transcription polymerase chain reaction (RT-PCR)
test of any age were included.

3.4. Intervention

The interventions were LPV/RTV alone or in combination with standard care± interferons/antiviral
treatments compared to other therapies.

3.5. Objectives

A. Virological cure on day 7 after initiation of therapy (+ve to −ve polymerase chain reaction (PCR):
non-detection of SARS-CoV-2 in nasopharyngeal swab).

B. Clinical cure (time to body temperature normalization and time to cough relief).
C. Radiological progression during drug treatment.
D. Mortality at 28 days and death during treatment at any time.
E. Safety and tolerability of lopinavir/ritonavir.

3.6. Comparisons

A. lopinavir/ritonavir vs. no antiviral therapy (conventional therapy)/control.
B. lopinavir/ritonavir in combination with other agents versus conventional therapy/control.
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3.7. Searching Keywords

The search keywords included 2019-nCoV, 2019 novel coronavirus, COVID-19, coronavirus disease
2019, SARS-COV-2, lopinavir, ritonavir, combination, kaletra, treatment, efficacy, clinical trial, cohort,
retrospective, and prospective.

3.8. Exclusion Criteria

Types of articles that were excluded included duplicate articles, editorials, reviews, case reports,
and letters to editors.

Any research articles that did not include data on lopinavir/ritonavir use, did not include control
patients’ group, or reported combined use of lopinavir/ritonavir with other antiviral medications were
also excluded. Given the lack of clear benefit and potential for toxicity of hydroxychloroquine [21],
studies with evidence on the benefit of LPV/RTV in combination with hydroxychloroquine use in
hospitalized COVID-19 patients were excluded in our review.

3.9. Data Extraction and Analysis

Two reviewers (SA and MT) independently screened the titles with abstracts using the selection
criteria. For relevant articles, full texts were obtained for further evaluation. Disagreements between
the two reviewers after full text screening were reconciled via consensus by a third reviewer (AA) [22].

Inclusions and exclusions were recorded following PRISMA guidelines presented in the form of
a PRISMA flow diagram and detailed reasons recorded for exclusion. Articles were categorized as
clinical trials or cohort studies. The following data were extracted from the selected studies: authors;
publication year; study location; study design and setting; sample size, age, and gender; details of
study intervention and control therapies in addition to data on adverse events and treatment outcomes;
time from symptom onset to treatment initiation; assessment of study risk of bias; and remarks on
notable findings.

3.10. Risk of Biased Evaluation of Included Studies

The quality assessment of the studies was undertaken based on the revised Cochrane risk of bias
tool (RoB 2.0) for randomized controlled studies [23]. The Risk of bias in non-randomized studies—of
interventions (ROBINS-I) tool was used to assess non-randomized interventional studies [24], and the
Newcastle Ottawa Scale for observational cohort studies [25]. Critical appraisal checklists appropriate
to each study design were applied and checked by a third team member.

Three investigators (SA, MT, and AA) separately evaluated the possibility of bias using these
tools. Publication bias was not evaluated by funnel plot as there were only three studies that were
included in the meta-analysis part of the study.

3.11. Assessment of Heterogeneity

Statistical heterogeneity was evaluated using the χ2 test and I2 statistics [19]. An I2 value of 0 to
<40% was not considered as significant, 30% to 60% was regarded as moderate heterogeneity, 50% to 90%
was considered substantial heterogeneity, and 75% to 100% was considered significant heterogeneity.

3.12. Statistical Analysis

Because all of the data were continuous and dichotomous data, either odds ratio (OR) or mean
difference were used for estimating the point estimate, along with a 95% confidence interval (CI).
In the absence of significant clinical heterogeneity, the meta-analysis using the Mantel Hazel method
or inverse variance method for dichotomous data and continuous data were performed, respectively.
Employing a conservative approach, a random effects model was used, which produces wider CIs
than a fixed effect model. Review Manager (Version 5.3, Oxford, UK; The Cochrane Collaboration,
2014) was used to conduct all statistical analyses and generate forest plots.
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4. Results

A total of 8 literature databases were screened and 76 non-duplicate articles were identified,
which were evaluated for possible inclusion using titles and abstracts. Out of these, 32 articles were
selected for full-text screening and finally, 14 articles (total participants = 9036) were included in the
systematic review, and eight articles were included in the meta-analysis; 18 articles were excluded
following full-text screening (reasons: review = 5, study with no relative data = 6, LPV/RTV use
data not available = 2, no control patients in the study = 1, combined LPV/RTV use with other
antiviral therapies/other medications data = 2, no extractable data = 2). The PRISMA chart for the
studies included is displayed in Figure 1. The details of the included studies are depicted in Table 1.
Among these, two articles were in preprint versions [26,27].

 

Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) flow chart of
the included studies. LPV/RTV, lopinavir/ritonavir.
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4.1. Comparison 1: Efficacy and Safety of Lopinavir-Ritonavir (LPV/RTV) versus No Antiviral Therapy
(Conventional Therapy) or Control

A total of eight studies [26–29,32–34,36] reported on LPV/RTV versus no antiviral therapy
(conventional therapy) or control (n = 8405) in terms of efficacy and safety.

4.1.1. Virological Cure on Day 7 Post-Initiation of Therapy (+ve to −ve PCR: Non-Detection of Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in Nasopharyngeal Swab)

LPV/RTV Versus No Antiviral Therapy (Conventional Cure): Virologic Cure at Day 7 Post-Initiation
of Therapy

Three studies reported on virological cure (n = 171 in LPV/RTV alone arm vs. n = 117 in
conventional arm) on day 7 [27,32,34]. Significant mean difference was observed between the two arms
in terms of virological cure (mean difference = −0.81 day; 95% CI, −4.44 to 2.81; p = 0.007, I2 = 80%;
Figure 2).

 
Figure 2. Time from +ve to −ve PCR (days) (LPV/RTV vs no antiviral treatment or conventional).
CI, confidence interval; df, degrees of freedom; lopinavir/ritonavir (LPV/RTV).

LPV/RTV vs. Umifenovir: Virologic Cure at Day 7 Post-Initiation of Therapy

Three studies reported on virological cure (n = 127 in LPV/RTV alone arm vs. n = 87 in umifenovir
arm) on day 7 [27,32,36]. No significant mean difference was observed between the two arms in terms
of virological cure (mean difference = 0.95 day; 95% CI, −1.11 to 3.01; p = 0.09, I2 = 58%; Figure 3).

 
Figure 3. Time from +ve to −ve PCR (days) (LPV/RTV vs. umifenovir). CI, confidence interval;
df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

LPV/RTV vs. Umifenovir Plus Lopinavir/Ritonavir: Virologic Cure at Day 7 Post-Initiation of Therapy

Two studies reported on virological cure (n = 93 in LPV/RTV alone arm vs. n = 75 in umifenovir
plus LPV/RTV arm) on day 7 [26,32]. No significant mean difference was observed between the two
arms in terms of virological cure (mean difference = −0.83 day; 95% CI, −2.45 to 0.78; p = 0.66, I2 = 0%;
Figure 4).
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Figure 4. Time from +ve to−ve PCR (days) (LPV/RTV vs LPV/RTV plus umifenovir combination).
CI, confidence interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir; UFV, umifenovir.

4.1.2. Clinical Cure (Time to Body Temperature Normalization and Time to Cough Relief)

Time to Body Temperature Normalization

1. LPV/RTV vs. Umifenovir

Two studies reported on time to temperature normalization (n = 93 in LPV/RTV alone arm vs.
n = 71 in umifenovir arm) [27,32]. No significant association was observed between the two arms in
terms of temperature normalization (OR = 0.87 day; 95% CI, 0.42 to 1.78; p = 0.61, I2 = 0%; Figure 5).

 
Figure 5. Time to body temperature normalization (days) (LPV/RTV vs umifenovir). CI, confidence
interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

2. LPV/RTV versus No Antiviral Therapy (Conventional)

Two studies reported on time to temperature normalization (n = 93 in LPV/RTV alone arm vs.
n = 75 in conventional arm) [27,32]. No significant association was observed between the two arms in
terms of temperature normalization (OR = 0.99 day; 95% CI, 0.49 to 1.99, p = 0.35, I2 = 0%; Figure 6).

 
Figure 6. Time to body temperature normalization (days) (LPV/RTV vs. no antiviral treatment or
conventional). CI, confidence interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

Duration of Cough

1. LPV/RTV Versus Umifenovir: Rate of Cough Alleviation after 7 Days of Therapy

Two studies reported on cough alleviation (n = 93 in LPV/RTV alone arm vs. n = 71 in umifenovir
arm) [27,32]. LPV/RTV alone arm had a significant lower number of cough days by 0.62 (95% CI
0.06 to 6.53, p = 0.02; I2 = 81%; Figure 7).
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Figure 7. Rate of cough alleviation after 7 days of treatment (LPV/RTV vs. umifenovir). CI, confidence
interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

2. LPV/RTV vs. No Antiviral Therapy (Conventional): Rate of Cough Alleviation after 7 Days
of Therapy

Two studies reported on cough alleviation (n = 93 in LPV/RTV alone arm vs. n = 75 in conventional
arm) [27,32]. No significant association was observed between the two arms in terms of cough
alleviation (OR = 0.87 day; 95% CI, 0.10 to 7.16; p = 0.08, I2 = 67%; Figure 8).

Figure 8. Rate of cough alleviation after 7 days of treatment (LPV/RTV vs. no antiviral treatment or
conventional). CI, confidence interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

4.1.3. Radiological Progression during Drug Treatment

Rate of Improvement on Chest Computed Tomography (CT) after 7 Days of Treatment

1. LPV/RTV vs. Umifenovir

In terms of CT evidence for radiological progression of pneumonia/lung damage (n = 59 in
the LPV/RTV arm vs. n = 71 in the umifenovir arm), treatment with LPV/RTV resulted in no
significant decrease in the radiological progression (OR = 0.80; 95% CI, 0.42 to 1.54; p = 0.59, I2 = 81%;
Figure 9) [27,32].

 
Figure 9. Rate of improvement on chest CT after 7 days of treatment (LPV/RTV vs. umifenovir).
CI, confidence interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

2. LPV/RTV vs. No Antiviral Therapy (Conventional)

In terms of CT evidence for radiological progression of pneumonia/lung damage (n = 71
in the LPV/RTV arm vs. n = 75 in conventional arm), treatment with LPV/RTV resulted in no
significant decrease in the radiological progression (OR = 0.69; 95% CI, 0.36 to 1.31; p = 0.42, I2 = 0%;
Figure 10) [27,32].
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Figure 10. Rate of improvement on chest CT after 7 days of treatment (LPV/RTV vs. no antiviral
treatment or conventional). CI, confidence interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

4.1.4. Mortality at 28 Days and Death during Treatment at Any Time

Mortality at 28 Days

1. LPV/RTV vs. Standard of Care

Two trials reported on mortality at 28 days (n = 1715 in LPV/RTV plus standard of care arm vs.
n = 3524 in standard of care arm) [15,28]. No significant association was observed between the two
arms in terms of mortality at 28 days (OR = 1.00; 95% CI, 0.79 to 1.26; p = 0.28, I2 = 15%; Figure 11).

Figure 11. Rate of mortality at 28 days (LPV/RTV plus standard of care vs. standard of care alone).
CI, confidence interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

Death during Treatment at Any Time

1. LPV/RTV vs. Standard of Care

Two large trials reported on death during treatment at any time (n = 3015 in LPV/RTV plus
standard of care arm vs. n = 4796 in standard of care arm) [28,29]. No significant association was
observed between the two arms in terms of death during treatment at any time (OR = 1.03; 95% CI,
0.93 to 1.14; p = 0.78, I2 = 0%; Figure 12).

Figure 12. Rate of mortality at 28 days (LPV/RTV plus standard of care vs. standard of care alone).
CI, confidence interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

4.1.5. Safety and Tolerability

Rate of Adverse Events of Treatment: LPV/RTV vs. Umifenovir

A greater number of adverse events were reported in the LPV/RTV arms (n = 45) compared to the
umifenovir groups (n = 14) (OR = 2.66; 95% CI, 1.36 to 5.19; p = 0.44, I2 = 0%; Figure 13) [27,32,33].
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Figure 13. Rate of adverse events of treatment (LPV/RTV vs. umifenovir). CI, confidence interval;
df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

Rate of Adverse Events of Treatment: LPV/RTV vs. No Antiviral Treatment (Conventional)

A greater number of adverse events were reported in the LPV/RTV arms (n = 45) compared to the
no antiviral treatment or conventional arms (n = 10) (OR = 4.6; 95% CI, 1.91 to 11.07; p = 0.29, I2 = 18%;
Figure 14) [27,32,33].

Figure 14. Rate of adverse events of treatment (LPV/RTV vs. no antiviral treatment or conventional).
CI, confidence interval; df, degrees of freedom; LPV/RTV, lopinavir/ritonavir.

4.2. Comparison 2: Efficacy and Safety of LPV/RTV along in Combination with Other Agents versus No
Antiviral Therapy (Conventional Therapy) or Control

A total of four studies evaluated the efficacy of LPV/RTV plus interferon (IFN) [30,31,35,37] and
three studies [30,31,37] evaluated the safety of the combination. Other studies evaluated the efficacy of
LPV/RTV plus standard care [15,28], ribavirin [31], or umifenovir [26,32,37], and evaluated the safety
of these combinations.

In terms of the efficacy of the combination in patients with COVID-19, LPV/RTV plus IFN
combination in addition to ribavirin was safe and superior to LPV/RTV alone by shortening the
median time from the start of study treatment to negative nasopharyngeal swab (7 days [IQR 5–11])
compared to the LPV/RTV arm (12 days [IQR 8–15]; hazard ratio 4.37 [95% CI 1.86–10.24], p = 0.001) [31].
Additionally, combination treatment with LPV/RTV plus IFN and umifenovir had a more evident
therapeutic effect in a shorter time by normalizing body temperature (4.8 ± 1.94 days vs. 7.3 ± 1.53 days,
p = 0.03) and turning PCRs negative (7.8 ± 3.09 days vs. 12.0 ± 0.82 days, p = 0.02) compared to the
umifenovir plus IFN arm with no evident toxic and side effects [37]. However, the use of LPV/RTV
plus IFN combination resulted in fewer therapeutic responses on COVID-19 in terms of viral clearance
[median (interquartile range, IQR), 4 (2.5–9) d versus 11 (8–13) d, p < 0.001) and chest CT changes
(91.43% vs. 62.22%), p = 0.004] compared to the favipiravir plus IFN combination. Favipiravir
arm patients had fewer adverse events (AEs) compared to the LPV/RTV arm (11.43% vs. 55.56%)
(p < 0.001) [30]. Additionally, no significant difference in average PCR negative conversion times
among IFN plus LPV/RTV or IFN plus LPV/RTV plus ribavirin treatment arms [35]. In another cohort
study, more patients turned SARS-CoV-2 PCR negative in the LPV/RTV plus umifenovir combination
group compared to the LPV/RTV monotherapy group (after 7 days: 75% vs. 35% of patients were
PCR negative in the combination therapy and monotherapy, respectively, p < 0.05; and after 14 days:
94% vs. 52.9% of patients were PCR negative in the combination therapy and monotherapy, respectively,
p < 0.05) [38]. Moreover, chest CT scans were improving for 69% of patients in the combination group
after seven days, compared with 29% in the monotherapy group (p < 0.05) [38].
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The combination of LPV/RTV, in addition to standard care, or standard care alone exhibited
no difference in the time to clinical improvement (hazard ratio for clinical improvement, 1.31; 95%
CI, 0.95 to 1.80) with similar 28-day mortality (19.2% vs. 25.0%; difference, −5.8 percentage points;
95% CI, −17.3 to 5.7) [15]. In another recent large study, LPV/RTV combined with standard care was
not associated with reductions in 28-day mortality, duration of hospital stay, or risk of progressing to
invasive mechanical ventilation or death [28].

5. Discussion

This systematic review included 14 articles relating to the efficacy and safety of LPV/RTV in
COVID-19 patients, with a total of 9036 patients included, and only eight articles, that comprised
8438 patients had findings on the efficacy and safety of LPV/RTV alone or in combination with standard
care ± interferons/antiviral treatments compared to other therapies in the treatment of COVID-19,
were deemed legible for quantitative synthesis (meta-analysis) [26–29,32–34,36].

In terms of virological cure, three studies reported less time in days for LPV/RTV arm (n = 171)
compared with no antiviral therapy (conventional) (n = 117); however, the overall effect was not
significant (mean difference = −0.81 day; 95% CI, −4.44 to 2.81; p = 0.66), similarly the virological
cure for LPV/RTV alone (n = 127) versus the umifenovir arm (n = 87) (p = 0.37), or LPV/RTV versus
umifenovir plus LPV/RTV (p = 0.31) [26,27,32–34,36].

Two studies reported no significant effect on time to temperature normalization for LPV/RTV
arm (n = 93) versus umifenovir arm (n = 71) (OR = 0.87 day; 95% CI, 0.42 to 1.78; p = 0.70, I2 = 0%);
or alleviation of cough duration (p = 0.69) [27,32]. The total number of cough days was found to be
lower in the LPV/RTV arm compared with the umifenovir arm or no antiviral therapy (conventional)
arm after 7 days of treatment; however, the overall effect was found to be not significant [27,32].
Although a favorable therapeutic effect for umifenovir was observed in a small cohort study when
the drug was combined with LPV/RTV treatment in (n = 16) COVID-19 patients rather than LPV/RTV
alone (n = 17) [38]; it should be noted that the treatment of LPV/RTV alone groups (n = 127) versus
umifenovir plus LPV/RTV groups (n = 69) did not reveal any significant mean difference between
the two groups in terms of virological cure at day seven [26,32,37]. In another study that involved
81 COVID-19 patients, the umifenovir treatment group had a longer hospital stay than patients in
the control group (13 days (IQR 9–17) vs. 11 days (IQR 9–14), p = 0.04) [39]. Of note, umifenovir,
which is branded as Arbidol®, has a wide antiviral activity against RNA and DNA viruses, is licensed
in Russia and China for the treatment and prophylaxis of influenza and recommended for treatment of
MERS-CoV, was investigated in SARS-CoV, and is currently being trialed in COVID-19 patients [40].

In terms of CT evidence for radiological progression of pneumonia/lung damage, fewer patients
exhibited radiological progression in the LPV/RTV arm compared with the umifenovir arm or no
antiviral therapy (conventional) arm after 7 days of treatment, this effect was not significant (p = 0.59),
and similarly, with LPV/RTV (n = 71) versus no antiviral therapy [27,32].

It is worth mentioning that initiating therapy earlier is known to be more effective [41],
since systemic hyperinflammation rather than viral pathogenicity dominates later stages of SARS-CoV-2
infection. Although patients in five of the studies [15,27,30,31,34] included in our review were
administered LPV/RTV early in the infection (median of <7 days); LPV/RTV therapy was not found to
be totally effective.

In terms of safety, this study found greater adverse events reported in the LPV/RTV arm versus
no antiviral treatment (conventional) or umifenovir, respectively. Adverse events associated with
LPV/RTV alone or in combination with other medicines were reported in COVID-19 patients, and were
typically gastrointestinal (GIT) in nature, including nausea, vomiting, and diarrhea [32]; nevertheless,
serious GIT adverse drug reactions such as acute gastritis and GIT bleeding and acute kidney injury
(n = 3) were also reported [32]. It was reported that most ADRs associated with LPV/RTV in combined
groups of medicines are resolved within three days of drug initiation [30].
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To address the efficacy and safety of LPV/RTV combined with other drugs in patients with
COVID-9, LPV/RTV plus IFN combination in addition to ribavirin was found to be superior and
safer than LPV/RTV alone by shortening the time to negative nasopharyngeal swab compared to the
LPV/RTV arm alone [31]. Additionally, a combined treatment regimen of LPV/RTV plus IFN and
umifenovir resulted in a shorter time by normalizing body temperature and turning PCRs negative
compared to the umifenovir plus IFN arm with reasonable safety profile [37]. However, the use
of LPV/RTV plus IFN combination resulted in less therapeutic responses on COVID-19 in terms of
viral clearance and chest CT changes compared to the favipiravir plus IFN combination. Favipiravir
arm patients had fewer AEs than patients in the LPV/RTV arm [30]. Additionally, there was no
significant difference in average PCR negative conversion times among IFN plus LPV/RTV or IFN plus
LPV/RTV plus ribavirin treatment arms [35]. The combination of LPV/RTV, in addition to standard
care, or standard care alone revealed no difference in the time to clinical improvement, duration of
hospitalization, initiation of invasive mechanical ventilation and death [15,28,29]. A serious case of
elevated alanine aminotransferase (ALT) was reported [28], GI AEs were more common in the LPV/RTV
group and treatment was stopped early in 13.8% because of AEs [15].

In a recent systematic review that included 41 studies which considered therapeutics for COVID-19,
LPV/RTV was found to be the third therapy associated with positive outcomes (54.9%) with less negative
outcomes (12.3%) compared to systemic corticosteroids (21.3%), remdesivir (16.9%), moxifloxacin
(13.4%) and oseltamivir (12.5%) [2]; however, further controlled studies were needed to draw a valid
conclusion. Antiviral ineffectiveness of LPV/RTV against SARS-CoV-2 in the studies included in our
review was justified by the necessity to give the drug at a daily amount higher than 800 mg/200 mg; as
an in vitro analysis identified antiviral activity of LPV/RTV against SARS-CoV-2 with a half-maximal
effective concentration (EC50) of 16.4 μg/mL [42]. However, there is a potential to intoxicate the patient,
because high doses of LPV/RTV may lead to delayed ventricular repolarisation (QT prolongation) [7].
Thus, it might be logical to argue that there is a need to determine the effective and safe dose of
LPV/RTV against the SARS-CoV-2 virus for better clinical benefit [13].

It is important to consider drug concentrations at the site of infection, and currently, the lack
of robust lung penetration data is an important gap that exists for many agents being considered
for repurposing. In the case of LPV/RTV, lung penetration is complex and not well understood;
however, typically it is the plasma-free fraction that is available to penetrate into tissues. Therefore,
given its potency, lung penetration of LPV/RTV would have to be high to provide concentrations in the
therapeutic range [43]. The antiviral activity in vivo is estimated by calculating the ratio of unbound
drug concentrations achieved in the lung at the administered dose to the in vitro EC50 (RLTEC) [44].
Even though the majority of the observed total LPV/RTV plasma concentrations in COVID-19 patients
were above the published EC50 for SARS-CoV-2 [42], boosted LPV/RTV is unlikely to attain sufficient
effective levels in the lung to inhibit the virus. Indeed, the largest trials of RECOVERY [28] and
SOLIDARITY [29] found LPV/RTV had little or no effect on overall mortality, initiation of ventilation
and duration of hospital stay in hospitalized patients.

There is uncertainty about the optimal approach to treat hospitalized COVID-19 patients.
Management approaches are based on limited data and evolves rapidly as clinical data emerge.
For patients with non-severe disease, care is primarily supportive, with close monitoring for disease
progression. Remdesivir is suggested in hospitalized patients with severe disease (i.e., they have
hypoxia) but who are not yet on oxygen [45,46]. For patients who are receiving supplemental
oxygen (including those who are on high-flow oxygen and noninvasive ventilation), low-dose
dexamethasone and, if available, remdesivir is/are suggested [47,48]. However, the optimal role of
remdesivir remains uncertain, and some guidelines panels (including the WHO) suggest not using it
in hospitalized patients because there is no clear evidence that it improves patient-important outcomes
for hospitalized patients (e.g., mortality, need for mechanical ventilation). In general, use of LPV/RTV
for treatment of SARS-CoV-2 in hospitalized patients is not suggested as several trials have failed to
prove efficacy [15,28,29]. Evidence as to whether LPV/RTV is beneficial in outpatients with mild or
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moderate severity COVID-19 infection is lacking; therefore, use of LPV/RTV is suggested in outpatients
only in the context of a clinical trial.

Vaccines to prevent COVID-19 infection are considered the most promising approach for controlling
the pandemic. COVID-19 vaccine development is occurring at an unprecedented pace. Several different
platforms are being utilized to develop COVID-19 vaccines such as: inactivated virus or live-attenuated
virus platforms (traditional methods); recombinant proteins and vector vaccines (newer methods);
and RNA and DNA vaccines (methods never previously employed in a licensed vaccine) [49].
Several vaccine candidates have demonstrated immunogenicity without major safety concerns in
early-phase human trials [50]. Two mRNA vaccine candidates have also been reported to have
approximately 95% vaccine efficacy [51,52]. AstraZeneca’s Oxford coronavirus vaccine is 70% effective
on average, data shows, with no safety concerns [53]. Importantly, the AstraZeneca vaccine can be
distributed and administered within existing healthcare systems, as it can be stored, transported and
handled in normal refrigerated conditions for at least six months, the company said. The vaccine will
also be cheaper than rival coronavirus vaccines from makers Pfizer and Moderna [53].

Since disease resulting from SARS-CoV infection is driven by both virus and host immune response
factors, depending on the stage of the disease progression, early initiation of antiviral therapy, and/or
holistic combination therapies will likely be needed to diminish virus replication, immunopathology,
and/or promote repair and restoration of pulmonary homeostasis [54]. Until sufficient evidence
is available, the WHO has warned against physicians and medical associations recommending or
administering unproven treatments to patients with SARS-CoV-2 or people self-medicating with them.

The key limitations of this study were the limited number of clinical studies investigating the
efficacy and safety of LPV/RTV in combination with a limited number of participants. Another limitation
is the inability to perform any type of meta-analysis specifically for the results of efficacy and safety of
using LPV/RTV in combination with other agents versus no antiviral therapy (conventional therapy)
or control because of the large methodological differences. Despite these limitations, this systematic
review provided valuable insight into the efficacy, safety, and clinical outcomes of LPV/RTV alone or
with other antiviral medications.

6. Conclusions

The small number of studies included in this systematic review and meta-analysis study did not
reveal any statistically significant advantage in the efficacy of LPV/RTV in COVID-19 patients, over no
antiviral or other antiviral treatments. In terms of safety, this study found a greater number of adverse
events reported in LPV/RTV arm versus no antiviral treatment (conventional) or umifenovir arms,
respectively. There is a general understanding of the need to conduct large randomized clinical trials
to determine the efficacy and safety of LPV/RTV in the treatment of COVID-19. Ideally, these studies
should be double-blinded and conducted in a wide range of settings.
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Abbreviations

COVID-19 coronavirus disease 2019
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
MERS-CoV Middle East respiratory syndrome coronavirus
LPV/RTV lopinavir/ritonavir
PRISMA Preferred Reporting Items for Systematic reviews and Meta-Analysis
RoB 2 Version 2 of the Cochrane risk-of-bias tool for randomized trials
ROBINS-I Risk of bias in non-randomized studies—of interventions
RT-PCR real-time reverse transcription-polymerase chain reaction
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Abstract: Background: Patients with coronavirus infectious disease 2019 (COVID-19) and
gastrointestinal symptoms showed increased values of fecal calprotectin (FC). Additionally,
bowel abnormalities were a common finding during abdominal imaging of individuals with COVID-19
despite being asymptomatic. The current pilot study aims at evaluating FC concentrations in patients
without gastrointestinal symptoms. Methods: we enrolled 25 consecutive inpatients with COVID-19
pneumonia, who were admitted without gastrointestinal symptoms and a previous history of
inflammatory bowel disease. Results: At admission, 21 patients showed increased FC with median
values of 116 (87.5; 243.5) mg/kg despite absent gastrointestinal symptoms. We found a strong positive
correlation between FC and D-Dimer (r= 0.745, p< 0.0001). Two patients developed bowel perforation.
Conclusion: our findings may change the current understanding of COVID-19 intestinal-related
disease pathogenesis, shedding new light on the potential role of thrombosis and the consequent
hypoxic intestinal damage.

Keywords: fecal calprotectin; COVID-19; SARS-CoV-2; bowel perforation; D-Dimer; thrombosis; ischemia

1. Main Text

At the time of writing this letter, the principal cause of mortality in patients with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is respiratory failure with exudative diffuse
alveolar damage and massive capillary congestion often accompanied by microthrombi or, in lower
percentages, by generalized thrombotic microangiopathy, as reported by post-mortem examinations [1].
With coronavirus infectious disease 2019 (COVID-19) being conceived as a solely respiratory disease [2,3],
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the scientific community initially assumed that the lungs represented the preferred and initial site of
viral proliferation, as well as its primary source for shedding and transmission.

2. Gastrointestinal Manifestations of COVID-19

Recent findings indicated that SARS-CoV-2 could bind to gastrointestinal cells via specific receptors
(such as the angiotensin converting enzyme-2 (ACE2) receptor and the transmembrane serine protease
2) [4], whose interaction is supposed to promote local inflammation by massive cytokine and chemokine
release [5]. Additionally, an autoptic study on the small intestine of two COVID-19 patients showed
endotheliitis of the submucosa vessels and evidence of direct viral infection of endothelial cells [6].

Regarding the clinical presentation, gastrointestinal symptoms are present in up to 28% of patients
with COVID-19 [7–9], and fecal SARS-CoV-2-RNA was detected in approximately 50% of positive
individuals [8–10]. Recently, Effenberger et al. [5] proposed the role of fecal calprotectin (FC) as a
marker of intestinal inflammation in COVID-19 patients who developed gastrointestinal (GI) symptoms.
In particular, the authors detected significantly higher FC values in patients with acute diarrhea if
compared to patients without diarrhea or with ceased diarrhea (>48 h). In this pilot study, we aimed to
externally validate the results of Effenberger et al. [5] by determining the actual absence of significant
FC concentrations in patients who did not present gastrointestinal symptoms and without previous
history of inflammatory bowel disease (IBD).

3. Materials and Methods

We performed a prospective observational cross-sectional study by enrolling 25 consecutive
COVID-19 inpatients from May 2020 to June 2020, who were admitted without gastrointestinal
symptoms and a previous history of IBD.

SARS-CoV-2 detection in nasopharyngeal swabs was determined by PCR (LightMix®-
Modular-Wuhan CoV-RdRP and E genes). FC concentration was determined by the DiaSorin-
LIAISON®-Calprotectin according to the manufacturer’s specification (normal range <50 mg/kg).
Both tests were performed at admission. Potential infective causes for FC increase were investigated
through canonical stool analysis for common bacteria, viral and parasitic pathogens.

Data were displayed as median (Quartile 1; Quartile 3). We explored the correlation between
continuous variables via Spearman’s correlation coefficient, considering a statistically significant
two-tailed p-value < 0.05.

4. Results

From the 25 original patients, 21 (84%) showed increased FC, with median values of 116 (87.5;
243.5) mg/kg despite being asymptomatic for GI symptoms, and a median D-Dimer of 1.32 (0.82; 2)
mg/L (normal value < 0.5 mg/L). Their clinical characteristics, possible risk factors, and biochemical
parameters are reported in Table 1. We did not detect any significant correlation between FC and the C
reactive protein (CRP), white blood cell count (WBC), platelet count, ferritin, lactate dehydrogenase
(LDH) or albumin. However, we found a strong positive correlation between FC and D-Dimer
(r = 0.745, p < 0.0001).
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Table 1. Patients’ Characteristics and Laboratory Parameters. Continuous Variables are Reported as
the Median (Quartile1; Quartile3). CRP: C Reactive Protein; LDH: Lactate Dehydrogenase.

Characteristics
Patients with Abnormal Fecal

Calprotectin
N = 21

Patients without Abnormal
Calprotectin

N = 4

Age, years 78.3 (69; 81.5) 76 (70; 84)

Gender, Male 15 (71.4%) 3 (75%)

BMI (kg/m2) 24 (21; 27) 25 (20; 26)

Hearth Diseases 10 (47.6%) 2 (50%)

Hypertension 7 (33.3%) 2 (50%)

Previous ACE-Inhibitors 5 (23.8%) 2 (50%)

Active Smokers 7 (33.3%) 1 (25%)

Antibiotic Therapy 5 (23.8%) 1 (25%)

Heparin Therapy 13 (61.9%) 2 (50%)

White Blood Cell Count 6530 (4050; 7350) 6110 (4350; 8365)

Platelets (109/L) 205 (141;357) 189 (153; 265)

PCR (mg/dL) 31 (24; 91) 40 (8; 115)

LDH (U/L) 290 (195; 381) 250 (190; 300)

Ferritin (μg/L) 645 (520; 1210) 550 (420; 610)

Fecal Calprotectin (mg/kg) 116 (87.5; 243.5)

D-Dimer (mg/LFEU) 1.32 (0.82; 2) 0.87 (0.5; 1.23)

4.1. Intestinal Perforation

Two of the enrolled patients developed intestinal perforation. They were admitted to the
emergency department for high-grade fever, cough and dyspnea. Both resulted positive to SARS-CoV-2
in nasopharyngeal swabs, and according to their comorbidities, they were admitted to the hospital.

The first patient, a 68-year-old female with an FC of 216 mg/kg, WBC of 17,940 cells/mm3, CRP of
94 mg/L and D-Dimer of 1.28 mg/LFEU developed severe abdominal pain 20 days after hospital
admission. The contrast-enhanced abdominal computed tomography (CT) showed rectal wall and
sigmoid colon thickening surrounded by extraluminal free air; a small-sized fluid collection and a
smoothly thickened peritoneum were noted. The patient was treated conservatively.

The second patient, an 84-year-old female with an FC of 290 mg/kg, WBC of 5990 cells/mm3, CRP of
290 mg/dL and D-Dimer of 2.1 mg/LFEU developed severe abdominal pain the day after admission
and septic shock. The contrast-enhanced abdominal CT showed rectal wall thickening, with free
air organized circumferentially around the mesorectum, suggestive for retroperitoneal perforation;
an inflammatory stranding of perivisceral fat tissue was also identified. The patient died the next day.

4.2. A Hypothesis on the Role of Thrombosis

In contrast to Effenberger et al. [5], we detected an increase in FC concentration in 88.2% of patients
without GI symptoms. Besides, our findings also represent the first report of a significant positive
correlation between FC and D-Dimer. This particular discovery may change our current understanding
of COVID-19 intestinal-disease pathogenesis, shedding new light on the potential role of thrombosis
and the consequent hypoxic intestinal damage. Indeed, FC is mainly expressed by neutrophils [11],
whose functions are severely affected by intestinal ischemia [12]. The two patients that developed
bowel perforation showed on the CT rectal and sigmoid colon wall thickening. In non-COVID-19
patients, left flexure and sigmoid colon segments have the highest risk of ischemic colitis, while distal
rectum is usually spared due to its dual blood supply; at variance, in COVID-19 patients colon/rectal
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thickening was previously reported in seven cases [13] in agreement with our data, supporting a
relationship between intestinal damage and COVID-19 infection. Notably, D-Dimer was found to
increase in up to 47% of patients with COVID-19 at hospital admission [14], which resulted in higher
mortality rates despite not presenting pulmonary embolism or deep vein thrombosis. Was the gut
being responsible for these patients’ death? Unfortunately, this question has no definitive answer, but
according to a recent study, bowel abnormalities were a common finding (31%) during abdominal
imaging of individuals with COVID-19. Patients who underwent laparotomy often showed histological
ischemia due to small vessel thrombosis [13].

That being said, our data should be taken with caution due to the relatively small sample size
and the possible limitations related to selection bias. While waiting for the additional validation,
and data on gut histopathology (autoptic reports or in vivo endoscopic biopsies) in COVID-19 patients,
we firmly believe that the correlation between FC and D-Dimer may yield the secrets behind the
COVID-19 Pandora’s box.
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Abstract: Malaria and COVID-19 may have similar aspects and seem to have a strong potential for
mutual influence. They have already caused millions of deaths, and the regions where malaria is
endemic are at risk of further suffering from the consequences of COVID-19 due to mutual side effects,
such as less access to treatment for patients with malaria due to the fear of access to healthcare centers
leading to diagnostic delays and worse outcomes. Moreover, the similar and generic symptoms make
it harder to achieve an immediate diagnosis. Healthcare systems and professionals will face a great
challenge in the case of a COVID-19 and malaria syndemic. Here, we present an overview of common
and different findings for both diseases with possible mutual influences of one on the other, especially
in countries with limited resources.

Keywords: malaria; SARS-CoV-2; COVID-19; preparedness; Africa; emergency; pandemic

1. Background

On 11 March 2020, the WHO declared the outbreak of SARS-CoV-2 to be a pandemic infection.
Just a few months earlier, pneumonia from a "new virus" was recorded in China; this ailment would later
be identified as coronavirus disease 2019 (COVID-19) [1], a highly lethal viral disease with symptoms
ranging from interstitial pneumonia to severe acute respiratory syndrome [2,3]. From February to July,
around 12 million people were affected, with 500 thousand deaths occurring worldwide. While the
figures related to COVID-19 seem to be slowly decreasing in Europe, with a seeming greater number
of paucisymptomatic cases [4]; the epidemic is moving with greater force and aggression in Latin
America (namely Mexico and Brazil), the United States of America, Asia (India), and Africa, where in
the coming months the rainy season is expected along with the seasonal malaria epidemic.

Malaria—a parasitic disease caused by protozoan parasites of the genus Plasmodium, transmitted
by mosquitoes of the genus Anopheles—is among the top ten causes of death in low-income countries and
represents one of the great global health challenges. Although 100 countries worldwide have achieved
disease elimination and are now malaria-free, around 300 million malaria cases and 500 thousand
deaths still occurred worldwide in 2018, with sub-Saharan Africa bearing the greatest burden [5,6].

The association between COVID-19 and malaria epidemics can be devastating, especially in low-
and middle-income countries (LMICs). Such countries are characterized by healthcare systems that are
already fragile due to weak infrastructures, a scarcity of health workers, and limited financial resources.
In this perspective, to avoid indirect short- and long-term effects of the COVID-19 pandemic [7] on
malaria control programs and on healthcare systems of countries where the two diseases can coexist,
preparedness is critical. For these reasons, in order to explore the current landscape and future outlook
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for a joint scenario of COVID-19 and malaria and the consequences thereof, here we provide an
overview for physicians and public health authorities involved in the front line.

2. Epidemiology

2.1. Data

Quantifying the real number of SARS-CoV-2 cases is not easy since many different challenges are
affecting surveillance systems over the world, from laboratory capacities to delay in case notification [8].
Although the mortality estimate is around 2%, different approaches to death cause monitoring and
notification among different countries could affect this estimation [9]. What is for sure is that since
the first case of SARS-CoV-2 infection identified in December 2019 in Wuhan—a commercial and
university hub that is one of the ten most populous Chinese cities—the epidemic has spread all over
the world very rapidly. On 13 January, the first confirmed case of COVID-19 outside China occurred in
Thailand [10]. In a few weeks, the coronavirus epidemic had spread to 67 countries, from Italy to Iran,
and a global pandemic was declared by the WHO on 11 March 2020 [11,12]. As of 17 August 2020,
based on WHO reports, 21,689,832 confirmed cases and 770,273 deaths have been reported globally
and are regionally distributed as follows: 6,540,222 cases and 420,753 deaths in the Americas, 1,119,579
cases and 25,633 deaths in Africa, 3,239,237 cases and 204,545 deaths in Europe, 5,606,2010 cases and
118,906 deaths in Asia, and 25,742 cases and 429 deaths in Oceania [4].

Meanwhile, malaria is still considered a huge killer, representing one of the biggest health
challenges in the world, especially in contexts of poverty. According to the latest World Malaria Report,
there were more than 200 million cases of malaria and almost 500 thousand deaths from malaria
globally in 2018; although these figures represent a decrease from 2010, malaria is still one of the main
causes of deaths in low-income countries [5]. The African region holds the sad record of having more
than 90% of global malaria cases, followed by Southeast Asia and then the Eastern Mediterranean
Region. Nineteen countries in sub-Saharan Africa and India share almost 85% of the global malaria
burden. Six countries accounted for more than half of all malaria cases worldwide: Nigeria (25%); the
Democratic Republic of the Congo (12%); Uganda (5%); and Cote d’Ivoire, Mozambique, and Niger
(4% each) [5].

What emerged the global level is that at all countries are at a very high risk of COVID-19, while
half of the world is at risk of malaria, with a greater risk for sub-Saharan Africa and Southeast
Asia [5,13]. Although the extent of the COVID-19 epidemic is still relatively low in sub-Saharan Africa,
an explosion of COVID-19 cases in Africa would be devastating given the severe impact this would
have on healthcare systems that are already very weak [14].

Keeping in mind the reliability of data, the numbers of confirmed COVID-19 cases and deaths
in the six countries with the biggest global burden of malaria, as of 17 August 2020, are as follows:
49,068 cases and 975 deaths in Nigeria, 9675 cases and 240 deaths in the Democratic Republic of the
Congo, 1500 cases and 13 deaths in Uganda, 17,026 cases and 110 deaths in Cote d’Ivoire, 2855 cases
and 19 deaths in Mozambique, and 1167 cases and 69 deaths in Niger [4].

To date, only a few clinical cases of malaria and COVID-19 co-infection [15,16] have been reported
in the scientific literature, and wider studies are needed to improve knowledge on this topic.

2.2. Transmission and Prevention

The main route of transmission of SARS-CoV-2 is though respiratory droplets, with
person-to-person contact by asymptomatic carriers also playing an important role. Accordingly,
interhuman transmission can be prevented by (1) using face masks; (2) covering coughs and sneezes
with tissues; (3) washing hands regularly with soap or disinfecting with sanitizers containing at least
60% alcohol; (4) avoiding contact with infected people; (5) maintaining a physical distance between
people (1.5 m), and (6) refraining from touching eyes, nose, and mouth with unwashed hands [17].
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The malaria parasite is mainly transmitted by female Anopheles mosquito bite, mainly between
dusk and dawn. That is why prevention strategies are currently based on two complementary methods:
chemoprophylaxis and protection against mosquito bites.

3. Clinical Manifestation and Diagnosis

The clinical diagnosis for both diseases is based on the patient’s symptoms and findings upon
physical examination (Table 1).

Table 1. Summary of the principal characteristics of COVID-19 and malaria.

COVID–19 Malaria

Classification Viral disease Parasitic disease

Infectious agent SARS-CoV-2
Plasmodium falciparum, Plasmodium vivax,

Plasmodium ovale, Plasmodium malariae,
Plasmodium knowlesi

Main symptoms Fever, cough Fever

Severe clinical disease
manifestation

Acute respiratory distress syndrome,
acute thromboembolic disease,

pulmonary embolism

Confusion, coma, neurologic focal signs,
severe anemia, acute respiratory distress
syndrome, acute renal failure, pulmonary

edema, seizure

Diagnostic tests

• Molecular tests (RT-PCR) on upper
(nasopharyngeal/oropharyngeal
swabs, nasal aspirate, nasal wash, or
saliva) or lower respiratory tract
(sputum or tracheal aspirate or
bronchoalveolar lavage
(BAL)) sample;

• Antigen tests on upper or lower
respiratory tract sample;

• Antibody tests [enzyme-linked
immunosorbent assays (ELISA),
chemiluminescence assays (CLIA),
and lateral flow assays (LFA)).

• Microscopic diagnosis on blood
smear stained with Giemsa;

• Antigen detection with RDTs using
immunochromatographic methods;

• Molecular diagnosis by PCR;
• Serology, using either indirect

immunofluorescence (IFA) or ELISA;
• Drug resistance tests with in vitro

tests or PCR
molecular characterization.

Laboratory findings

Lymphopenia, increased prothrombin
time (PT), increased lactate

dehydrogenase (LDH), elevated
C-reactive protein (CRP), elevated

D-dimer, mildly elevated serum amylase,
elevated alanine aminotransferase (ALT)

and aspartate aminotransferase (AST)

Anemia, hypoglycemia, alterations in
kidney function, hyperbilirubinemia,

acid–base disturbances

Chest computed tomography
(CT) scan

Ground-glass opacities, crazy-paving
pattern Not required for diagnosis

Transmission Human-to-human; respiratory droplets Mosquito vector

Age-group most affected by
the severe form of the disease Adult/Elderly Children/Pregnancy

Defined treatment No Yes

Vaccine Trials ongoing Trials ongoing

Early symptoms of SARS-CoV-2 infection such as myalgia, fever, and fatigue could be confused
with symptoms of malaria, leading to problems in early clinical diagnosis, especially where malaria
is endemic. Different is the case of severe malaria (caused mainly by Plasmodium falciparum), where
the predominance of neurological signs and symptoms such as confusion, coma, neurological focal
signs, severe anemia, and respiratory difficulties can make us more inclined towards the diagnosis
of malaria. Blood chemistry tests can also be confusing, as shown in Table 1; therefore, a laboratory
test for both malaria and COVID-19 appears essential [18]. The gold standard for malaria diagnosis
is the microscopic examination, which can detect the presence of the Plasmodium. However, it is an
operator-dependent examination, and the sensitivity and specificity depend on the quality of the
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reagents, the microscope, and the experience of the technician. A useful alternative is provided by the
rapid diagnostic tests (RDTs), which appear particularly useful when a reliable microscopic diagnosis
is not available and also have the advantage of being a point-of-care method. Another method for
diagnosing malaria is to search for parasite nucleic acids using polymerase chain reaction (PCR).
Although this technique may be much more sensitive than smear microscopy, PCR results are often
not available quickly enough and are therefore rarely used. However, PCR is useful for confirming
the malarial parasite species after the diagnosis has been established by smear microscopy or rapid
diagnostic tests (RDTs) [19,20].

On the other hand, for patients with suspected SARS-CoV-2 infection, in addition to clinical and/or
radiological signs, the use of RT-PCR to detect SARS-CoV-2 nucleic acid in sputum or throat swabs and
lower respiratory tract secretions appears essential for diagnosis [21]. Blood chemistry tests in patients
with SARS-CoV-2 infection may show leukocytosis with leukopenia, increased liver function indices
AST and ALT, elevated LDH, and especially high D-dimers that may indicate a concomitant pulmonary
embolism [22]. Indeed, high levels of D-dimer and more severe lymphopenia have been associated with
mortality. Chest computed tomography (CT) scans in COVID-19 patients show opacity of frosted glass
with or without consolidating abnormalities, consistent with viral pneumonia. Furthermore, these lung
lesions often appear to be bilateral and peripheral, and they involve the lower lobes more frequently.
Less common findings include pleural thickening, pleural effusion, and lymphadenopathy [23,24].
Other authors presented the scientific community with controversial cases that had negative RT-PCR
tests on oropharyngeal swabs despite the CT results being indicative of viral pneumonia and only
subsequent positive nasopharyngeal swabs. This underlines how often there can be a divergence
between the clinical and virological findings. In addition, IgA, IgM, and IgG serology tests are available
to identify patients with recent or previous infection [25]. Malaria and COVID-19 share symptoms and
geographic areas of disease spread. The use of laboratory investigations, and therefore the availability
of adequate diagnostic capacity, as well as careful clinical surveillance and management of cases
appear crucial in differential diagnosis. Furthermore, Plasmodium spp. and SARS-CoV-2 are similar in
terms of incubation time. For SARS-CoV-2, an incubation period of 11.5 days has been calculated; for
Plasmodium spp., the incubation period varies from 7 to 30 days in most cases, with a shorter period
observed more frequently for P. falciparum and a longer one observed for P. malaria [5].

Medical and scientific attention should be paid to the potential of COVID-19/malaria co-infections.
It would be recommended, especially in areas where malaria is endemic areas, and also because of
the availability of malaria tests [26], to double-screen patients with suggestive symptoms for both
COVID-19 and malaria. This could bring benefits in contrasting these two infectious diseases, reducing
the death toll, and improving the outcome [5–25].

4. The Role of ACE 2 Receptor in Plasmodium spp. and SARS-CoV-2 Infection

Another interesting aspect of the correlation between SARS-CoV-2 and Plasmodium spp. can be
seen by considering the angiotensin-converting enzyme receptor 2 (ACE2), since a genetic deletion or
insertion polymorphism leads to a reduced expression of ACE2 by altering the concentration of ACE I
and D alleles in both infections. This D/I polymorphism shows an important geographical variation [27]
and would explain, although this is yet to be demonstrated, the variable prevalence of COVID-19
infections among the global distribution. In fact, SARS-CoV-2 uses the ACE2 receptor as a means
of cell entry and requires the spike protein to be primed by cellular serine protease TMPRSS2 [28].
SARS-CoV-2 spike proteins bind to ACE2 receptors of numerous target cells, particularly the type II
alveolar cells [29].

In SARS-CoV-2 patients, virus infection likely induces proinflammatory events through the
activation of transcription nuclear factor (NF)-kB intracellular signaling pathway, leading to
overexpression of cytokines and chemokines. In particular, an increased serum expression of
interferon (IFN)-γ, interleukin (IL)-1β, IL-6, IL-12, IL-8, MCP-1, and IFN-γ inducible protein-10
has been demonstrated [30]. Similarly, in SARS-CoV-2 infection, increased serum concentrations of

188



TMID 2020, 5, 141

the proinflammatory molecules IL-1β, IFN-γ, IP-10, MCP-1, IL-4, and IL-10 has been demonstrated,
with the higher levels being associated with more severe disease [31]. During severe infection,
endothelial cell dysfunction induces hypercoagulability due to excessive thrombin generation and
reduced fibrinolysis [32]. Moreover, virus-driven downregulation of ACE2 receptors may enhance the
effects of angiotensin II, leading to increased thrombogenesis [33]. Some authors, in agreement with the
role of ACE in lung infections caused by SARS-CoV-2 [4], have suggested how the ACE D/I genotype
may influence the clinical course of the infection. Therefore, the ACE D/I polymorphism can play a role
in the spread of COVID-19 and in the outcome of the infection, especially in European populations.

Similarly, for malaria, authors suggest a possible protective role in cerebral malaria due to the
"D" allele of the ACE I/D polymorphism under both homozygous and heterozygous conditions [33].
In fact, studies reported how several ACE1 and ACE2 polymorphisms reduce erythrocyte invasion
by P. falciparum [34], resulting in a "protective" effect influencing the development of the parasite
and/or the host’s susceptibility to the disease; this was also reported in children [35,36]. This aspect
gains importance considering the great number of malaria deaths due to cerebral damage caused by
Plasmodium falciparum [37] in sub-Saharan Africa.

In this scenario, more studies on the role of the D allele and other polymorphisms could help to
better understand protective factors and develop intervention strategies. Matching data on prevalence
of cerebral malaria, COVID-19, and this polymorphism could also be very interesting.

5. Relationship of SARS-CoV-2 Infection and Plasmodium spp. with Age

In LMICs, the average life expectancy at birth is low, and a huge burden of morbidity is still due
to infectious diseases such as human immunodeficiency virus (HIV), malnutrition, tuberculosis, and
malaria, with the coexistence of these conditions being a predictive risk factor of death [38,39].

For these reasons, even if it is currently believed that SARS-CoV-2 infection is less aggressive in
children, some factors should be taken into account when considering this epidemic in a country with
a high incidence of malaria. First of all, as for malaria, children, especially those under 5 years of age,
are unfortunately the most affected age-group. Furthermore, economic and behavioral changes due to
the COVID-19 pandemic could impact families’ response to malaria and increase malaria morbidity
and mortality in children. In fact, the cases of the young and elderly can be closely related. As adults
and elderly are more susceptible to COVID-19, the fear of the contagion can cause them to be reluctant
to visit healthcare facilities, even when they should bring their children with malaria-like symptoms to
healthcare facilities. This could lead to a diagnostic delay and therefore a worse outcome. Especially in
rural communities, which may have reduced attention, this will affect children with malaria, making an
already vulnerable population even more vulnerable. In general, there could be a reduction in access
to healthcare facilities due to the fear of contracting COVID-19 [40]. This could have a negative impact
on pediatric care. As adults are increasingly implored adults to stay at home, they may hesitate to take
their children to healthcare centers when needed, leading to diagnostic delay and the occurrence of
more serious cases [19].

6. Antimalarials for Treatment of COVID-19

Although the therapeutic role of chloroquine (CQ) and hydroxychloroquine (HCQ) in COVID-19
infection is still not clear, several authors have underlined the antiviral and anti-inflammatory role of
these molecules [41], since their action interferes with the ACE2 cell receptor and has activity against
many proinflammatory cytokines (e.g., IL-1 and IL-6) [42]. The association of CQ or HCQ with an
antibiotic such as azithromycin has been tested experimentally in the field with controversial results,
but clinical trials are still ongoing [43–46] for an evidence-based utilization. However, it does not
appear to have any role as a prophylactic in post-exposure prevention [47].

In the past, HCQ played a big role the treatment of malaria, even if the precise mechanism by
which it exhibits activity against Plasmodium is still unknown. One hypothesis is that HCQ, like
CQ, is a weak base and can exert its effect by concentrating on the acid vesicles of the parasite and
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inhibiting heme polymerization. However, the use of chloroquine in malaria has been suspended in
most endemic areas due to resistance.

7. Possible Scenarios for COVID-19 in Countries with High Incidence of Malaria

There is great global concern surrounding the possible scenarios of the effects of the COVID-19
pandemic in Africa. It is prudent to assume that for a long time there will be a big gap between
official data and the real situation of the COVID-19 pandemic. In part, the data on COVID-19 cases
around the world are markedly unrepresentative due to the global scarcity of testing reagents, limited
laboratory capabilities, and poor access to healthcare centers [4,48]. Whatever the scenario will be,
what is known is that in emergencies, especially in epidemics, one of the most frequent risks is to
neglect, suspend, postpone, or close essential prevention and treatment health services. In the end, the
burden of avoidable morbidity and mortality from common pathologies causes more damage and
creates more victims of the same epidemic; this particularly impacts mothers and children, making the
already fragile part of the population even more vulnerable [48–50].

Moreover, in sub-Saharan Africa, there are no national healthcare systems capable of withstanding
such a wave of patients suffering from acute respiratory failure as COVID-19 has caused in high-income
countries. The number of intensive care beds is limited. To this end, the role of intermediate critical
care facilities using frugal technology, already tested to be low-cost and effective in contexts with
limited resources on other issues, could also be crucial with COVID-19 [51].

The Ebola lesson should be valued for the impact it had on malaria control measures, where
a significant reduction in malaria diagnoses (but not deaths from malaria) was observed due to
the perceived risk of Ebola contagion resulting in a lower number of people accessing healthcare
centers [40,52]. In addition, during the Ebola outbreak, it was estimated that malaria cases in Guinea,
Liberia, and Sierra Leone could increase to 1 million in 2014 following the disruption in the distribution
of insecticide-treated bed nets (ITNs) [53]. The factors that contributed to that situation, i.e., the
similarity of the first symptoms between the two diseases and the fear of contracting them in healthcare
facilities, are very similar to what we could expect with COVID-19.

The impact of the epidemic on the health financing system as a whole should also be considered.
A polarization of economic resources happened with Ebola, and this is also being observed with COVID-19.
Therefore, in the next month, it could be possible to observe an important decrease in economic and
human resources for malaria control programs, with a real risk of reducing prevention. This is turn may
result in an increase in the numbers of cases, with a consequent increase in morbidity and mortality.
The characteristics of COVID-19 and the previous experiences of the Ebola epidemic indicate the need for
malaria-endemic countries to consider measures for preparation and prevention, focusing on not only the
threat of COVID-19 but also the possible impact of other diseases, especially malaria [16].

In order to face these possible scenarios, COVID-19 preparedness and response in malaria-endemic
countries should be focused on the following:

1. Local staffmanagement, including protection, training, supervision, incentives, and rest shifts,
should focus on all factors that together can help to ease the fear of contagion, diminish the anger
over the death of colleagues, and contain strikes and protests;

2. Infection prevention and control measures should be applied for healthcare workers at the hospital
and peripheral levels, making sure to institute appropriate low-technology measures such as
washing hands with sodium hypochlorite, segregation of hospital waste, and proper application
of the personal protective equipment;

3. Community engagement is crucial, as an effective communication campaign involving local
leaders, indigenous associations, and media can compel the community to conform to the new
behaviors (distancing, hand washing, stopping of traditional funeral rites, collaborating in contact
tracing, etc.) and therefore in the end be able to retain trust in healthcare structures and operators;

4. Data management and operational research should not be neglected. It is of fundamental
importance to monitor trends of routine health services use, maternal child health, TB, HIV, etc.
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Operational research, especially when carried out with local and international partners, allows
healthcare professionals to test ideas [54,55], check intuitions, and answer questions from different
perspectives (e.g., epidemiology, organization of health services, and policies).

8. Conclusions

Malaria and COVID-19 may have similar aspects and seem to have a strong potential for mutual
influence. They have already caused millions of deaths, and the regions where malaria is endemic
regions are at risk of suffering from the consequences of COVID-19 due to mutual side effects, such as
less access to treatment for patients with malaria due to the fear of access to healthcare centers leading
to worse outcomes and diagnostic delays. Moreover, the similar and generic symptoms make it harder
to achieve an immediate diagnosis. Healthcare systems and professionals will face a great challenge
in case of a syndemic [56,57]. The role of young health professionals, well-motivated and trained in
primary care, will also be essential [58] in countries with a high burden of malaria.

In patients with symptoms such as fever, fatigue, and headache, both malaria and COVID-19
tests should always be performed. According to recent WHO recommendations [59], in the case of
challenges due to the COVID-19 pandemic (e.g., supply chain disruption for RDTs, health worker
absenteeism, shortage of personal protective equipment) a malaria diagnosis should be considered for
all fever cases in endemic countries. On the other hand, patients with COVID-19-related symptoms
that negative for malaria must undergo isolation to exclude COVID-19 until repetition of the virological
sample, thus reducing the potential risk of transmission.

Even though a COVID-19 outbreak may not occur in the malaria-endemic regions, the WHO has
called for ministries of health and national malaria control programs to ensure that malaria control
efforts are not disrupted while facing the COVID-19 response [59,60]. Preparedness is the key to
tackling any public health crisis, and malaria-endemic countries need to be prepared for the challenges
COVID-19 could pose. Finally, from a global perspective, it is necessary to increase and join efforts in
order to develop an effective vaccine and it make available for everyone, as this would be the most
effective preventive measure for both diseases.
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Abstract: Throughout history, pandemics of viral infections such as HIV, Ebola and Influenza
have disrupted health care systems, including the prevention and control of endemic diseases.
Such disruption has resulted in an increased burden of endemic diseases in post-pandemic periods.
The current coronavirus disease 2019 (COVID-19) pandemic could cause severe dysfunction in the
prevention and control of tuberculosis (TB), the infectious disease that causes more deaths than any
other, particularly in low- and middle-income countries where the burden of TB is high. The economic
and health crisis created by the COVID-19 pandemic as well as the public health measures currently
taken to stop the spread of the virus may have an impact on household TB transmission, treatment and
diagnostic services, and TB prevention and control programs. Here, we provide an overview of the
potential impact of COVID-19 on TB programs and disease burden, as well as possible strategies that
could help to mitigate the impact.

Keywords: COVID-19; pandemic; endemic; tuberculosis; impact; control; overview

1. Historical Perspective

Tuberculosis (TB) is one of the oldest endemic diseases affecting humanity, but it remains a
significant global public health problem today [1,2]. It is estimated that a quarter of the world’s
population has latent TB infection (a dormant form of TB) [3]. According to the World Health
Organization (WHO) report, an estimated 10 million people develop active TB and more than one
million people die due to TB each year [4].

The burden of TB has varied across human history. Major disruptions such as natural disasters,
war and infectious disease pandemics have compromised TB programs and led to an increased burden
of TB. For instance, during the First and Second World Wars, there were epidemics of TB in many
European countries, which accounted for nearly one fourth of the total deaths during this period [5,6].

After World War II, following the discovery of TB medications, and improvements in the
socioeconomic status of the population, TB was well controlled in high-income settings with TB
burden decreasing dramatically [7]. However, when human immunodeficiency virus (HIV) emerged
as a worldwide pandemic disease in the 1980s, TB re-emerged as an opportunistic infection and
killed millions of people [8]. With the implementation of several TB prevention programmes and
the introduction of anti-retroviral therapy (ART) for HIV, the mortality and morbidity of TB have
decreased gradually over the last few decades [9].

More recently, the emergence of major viral disease outbreaks in several parts of the worlds has
posed new challenges for global and national TB control efforts. For instance, the recent outbreak
of Ebola in West Africa has severely compromised TB programs in the affected countries [10,11].
The outbreaks of Middle East respiratory syndrome coronavirus (MERS-CoV) complicated the control
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of TB in Saudi Arabia [12]. The direct and indirect effects of these viral outbreaks on TB programs have
resulted in an increased burden of TB in the affected regions in subsequent years.

The United Nations Sustainable Development Goals (SDGs)include ending the TB epidemic
by 2030, and the WHO set ambitious targets, including a 90% reduction in TB incidence and a
95% reduction in TB deaths compared with 2015, and no catastrophic costs due to TB, by 2035 [13].
Although progress continues to be made to achieve these ambitious targets, the current pandemic of
coronavirus disease 2019 (COVID-19) could be a major challenge to achieving them.

Given the high levels of global disruption caused by the COVID-19 pandemic, it is critical to
consider the potential impact on the control and prevention of common endemic diseases that might
be even more devastating to human health than COVID-19 itself. The impact of COVID-19 on other
diseases such as cancer and diabetes has been addressed in recent reviews [14,15]. However, there are
no published reviews on the impacts of COVID-19 on TB. TB is the leading cause of death due
to an infectious disease globally, and it is anticipated that people ill with both TB and COVID-19
may have poorer treatment outcomes. Most importantly, the public health response to COVID-19
to isolate people in their homes for extended periods could facilitate transmission of TB since close
household contact, particularly in low-socioeconomic and overcrowded conditions, is a key risk factor
for TB. Therefore, understanding the potential impacts of COVID-19 on TB is important for designing
prevention strategies. Therefore, we review the potential impact of COVID-19 pandemics on the
prevention and control of TB and provide possible strategies that could help to mitigate the impact.

2. The Coronavirus Disease 2019 (COVID-19) Pandemic and TB

The current pandemic of COVID-19 is a global health crisis, causing substantial disruptions to
healthcare systems, including TB programs [16]. This section briefly summarizes the clinical features,
epidemiological distribution, and transmission and prevention mechanisms of both COVID-19 and TB.

Clinical features: COVID-19 is a highly contagious acute viral disease, whereas TB is a chronic
bacterial disease. Both COVID-19 and TB affect the respiratory system, primarily the lungs, and have
similar symptoms such as cough, fever and breathing difficulty [17], although the severity and duration
of the symptoms are varied. Up to 78% of patients with COVID-19 may be asymptomatic and recover
spontaneously [18,19].

Epidemiology: TB has long been the leading cause of death due to an infectious disease
globally, killing more than 1.5 million people, and with an estimated 10 million new cases in
2018 [20]. The COVID-19 pandemic has now become a public health crisis, and COVID-19 has
overtaken TB as the infectious disease killing the most people per day [21]. According to the
WHO, as of 8 July 2020, there were more than 11.7 million confirmed cases of COVID-19 and over
540,000 deaths globally. COVID-19 has affected at least 216 countries, areas and territories around the
world. High-burden countries for TB have generally experienced a lower incidence of COVID-19 than
countries in Europe and North America, although Russia, Brazil, China and India are amongst the top
20 countries for total numbers of cases and deaths due to COVID-19.

High-risk groups: Some population groups are at higher risk of developing severe COVID-19
complications [22]. In particular, a higher number of deaths have occurred in adults aged over
60 years [23], in particular men. Similarly, gender differences in TB burden have been reported
worldwide, with men more likely to be affected by TB than women [24,25]. Patients with underlying
chronic diseases such as hypertension, diabetes, lung cancer and chronic obstructive pulmonary disease
are at a higher risk of COVID-19-related death and hospital admission, as well as poor outcomes for
TB [17,22,26,27].

Transmission: While the exact route of transmission for COVID-19 and TB differ, the major mode
of transmission for both diseases is through close contact with infected people [28,29]. For COVID-19,
the source of infection can be both symptomatic and asymptomatic patients, while for TB the main
source of infection is symptomatic patients with productive cough. The incubation period for TB
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(from infection to active TB) ranges from several months to two years [30], whereas the incubation
period for COVID-19 is approximately 5 days [31].

Prevention: Various preventive measures have been taken at global, regional and national levels
to reduce the risk of transmission of COVID-19 [32]. The common measures taken by countries to
prevent the transmission of the disease include early case detection; prompt isolation of confirmed
patients; contact tracing and quarantine of all contacts during the incubation period; social distancing;
and communitywide containment, including closure of schools and public facilities, maintaining good
hand hygiene through regular washing and use of sanitizers, and wearing of personal protective
equipment [33,34]. Many countries have also undertaken strict measures, such as banning of public
gatherings, complete lock-down of social and economic activities, and closure of borders to prevent
importation of cases [35]. While some countries have been able to control transmission of the disease
by implementing the aforementioned interventions, the number of new cases reported continues to
rise in many countries at the current time [36]. While there are some vaccine trials under development,
there is no evidence that any existing vaccine, including the Bacille Calmette-Guérin vaccine (BCG),
protects people against infection with COVID-19 virus.

3. The Potential Impact of the COVID-19 Pandemic on Tuberculosis Control

COVID-19 could impact TB control in several ways, including increasing transmission of TB in
the household, delaying the diagnosis and treatment of TB and increasing poor treatment outcomes
and risks of developing drug-resistant TB. The direct and indirect effects of COVID-19 on national and
global economies will have both short-term and long-term consequences for TB programs.

Impact of COVID-19 on household transmission of TB: One of the measures undertaken by
countries to prevent the spread of COVID-19 is advising or requiring people to stay at home until
the situation comes under control [33,34]. While this measure has several advantages in reducing
the communitywide transmission of COVID-19, it may also facilitate household transmission of
TB. Prolonged contact at household level is one of the risk factors that increases the transmission
of TB [37]. A recent modelling study showed that a 3-month lockdown due to COVID-19 would
cause an additional 1.65 million TB cases and 438,000 TB deaths in India over the next 5 years [38].
Another study conducted in Brazil showed that intensity of household exposure increased the risk
of TB infection and disease among household members [37]. Previous studies have also shown
that the prevalence of TB among children in household contact with adult patients is higher than
in the general population [39,40], and the risk of household infection is significantly increased with
prolonged household contact with sputum positive adults [39,41]. Since TB has a long incubation
period, the impact of increased household transmission of TB is only likely to be observed in future
years, when an increase in numbers of TB cases may be observed [42,43]. For instance, following the
global pandemic of HIV, epidemics of TB were observed in several countries such as South Africa [44,45],
which suggests that future public health vigilance is advisable.

Impact of COVID-19 on TB treatment and diagnostic services: Overwhelming of health care
systems by COVID-19 cases is likely to impact on TB treatment and diagnostic services in several ways:
(1) diversion of resources (including human and financial) away from routine services, to manage the
pandemic; (2) health service and political leadership, the media and the public focusing on pandemic
management and response with limited oversight and accountability of TB programmes; (3) health
care personnel experiencing stress and anxiety, key predictors of errors and poor quality of care;
(4) health care personnel being required to quarantine, or becoming ill or dying, and therefore not
being available for routine services; and (5) stigma and fear of COVID-19 infection at health care
facilities, discouraging people from visiting TB services. All of these factors will contribute to delays in
the diagnosis and commencement of treatment. As untreated pulmonary TB is the main source of
TB infection, late diagnosis and treatment of TB may increase the risk of transmission, especially the
household transmission of TB as many people are currently at home. Late diagnosis and inappropriate
treatment of TB can also increase the risk of poor treatment outcomes and development of drug-resistant
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TB. Misdiagnosis and under-detection of TB are ongoing problems for TB programs [4]. It was estimated
that globally 3 million TB cases were un-detected in 2018 [4]. This number is likely to increase due the
current COVID-19 pandemic.

Impact of COVID-19 on the prevention and control of TB: Prevention and control strategies
for TB have already been compromised due to the COVID-19 pandemic. Many fora for exchanging
TB research and information, such as seminars, workshops and annual conferences, have not been
conducted in 2020. For instance, the World Tuberculosis Day, which is celebrated on March 24 each
year, to build public awareness about the prevention and control of TB and to raise funding to support
TB control efforts, has been cancelled in several countries. Vaccination programs, including the
BCG vaccination that has been given to prevent childhood TB, have been negatively affected by
COVID-19 [46]. Furthermore, TB preventive therapy, which is often given to high-risk groups to
prevent the progression of latent TB to active TB, may also be affected by COVID-19 [47].

The worldwide pandemic of COVID-19 may affect the global strategy of ending TB by 2035 in
several ways. Many of the factors affecting diagnostic and testing services also affect prevention
and control programmes. Shortages of resources, either directly due to diversion towards pandemic
management or indirectly due to broader economic consequences of the pandemic and stretched
national budgets, are likely to impact on routine public health programmes. Currently, the attention of
the public, government, media and health professions is diverted to COVID-19. Prioritization of TB
and other endemic diseases is likely to be less than pre-pandemic levels as a result.

Impact of COVID-19 on late reactivation of TB: The impact of COVID-19 on the health status of
individuals, including on the functioning of the immune system [48,49], might be associated with a
higher risk of developing active TB disease. Pneumonia and respiratory failure caused by COVID-19
might cause long-lasting damage to the respiratory system, particularly the lungs, which might increase
the risk of TB [50]. Previous studies have shown that infections with viruses such as HIV and influenza
play a role in the development of active TB disease, either directly after exposure to TB or through
reactivation of latent TB infection [51–53].

Moreover, the COVID pandemic will severely damage global and national economies. The crisis
will have a disproportionate impact on the poor, through job losses, loss of remittances, rising prices,
and disruptions to services such as education and health care [54]. The World Bank estimates that
the global extreme poverty rate could rise by 0.3 to 0.7 percentage points, to around 9 percent in
2020, and around 40 million to 60 million people will fall into extreme poverty in 2020 as a result of
COVID-19. This will have a long-term impact on the burden of TB [55], because poverty is widely
recognised as an important risk factor for being infected and developing active TB [55–57].

4. Possible Strategies to Mitigate the Impact of COVID-19 on TB Control

Several strategies can be implemented to mitigate the impact of COVID-19 on TB control (Table 1).
For example, to limit household transmission of TB, basic infection prevention and control measures,
recommended by the WHO for health care facilities and high-risk settings, can be implemented at
home [58]. To avoid TB diagnosis and treatment delay due to COVID-19, use of virtual care and
digital health technologies, decentralising TB treatment to community health workers, and supporting
private health sectors and academic research institutions to provide TB testing and treatment might all
be required.
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Table 1. Possible strategies to mitigate the impact of COVID-19 on tuberculosis (TB) control.

Impact of COVID-19 on TB Strategies to Mitigate the Impact of COVID-19 on TB Control

Increased household
transmission of TB

• Apply infection prevention and control measures (e.g., cough etiquette,
personal protective equipment);

• Consider using upper-room germicidal ultraviolet (GUV)
where indicated;

• Apply room ventilation (including natural, mixed-mode, mechanical
ventilation, and recirculated air through high-efficiency particulate air
(HEPA) filters);

• Separate or isolate people with presumed or demonstrated
infectious TB;

• Provide TB preventive treatment for high-risk groups;
• Initiate TB treatment early.

Delayed TB diagnosis and
treatment services

• Maintain supports to essential TB services during and after the
COVID-19 pandemic;

• Provide information to patients about COVID-19 and TB so they can
protect themselves and continue their TB treatment;

• Apply patient-centred delivery of TB prevention, diagnosis, treatment,
and care services;

• Decentralise TB treatment to community health workers and increase
access to TB treatment for home-based TB care;

• Provide adequate supply of TB medication to patients for safe storage
at home;

• Design mechanisms to deliver medicines and to collect specimens for
follow-up testing at home;

• Integrate TB and COVID-19 services for infection control, contact
tracing, community-based care, surveillance and monitoring;

• Provide short-term training for students and health professionals and
recruit additional staff to work on TB programs;

• Change policy if required and support private hospitals, and academic
or research centres, to provide TB testing and treatment;

• Use virtual care and digital health technologies (e.g., video observed
therapy) for adherence support, early initiation of treatment, remote
monitoring of TB patients, counselling, and follow-up consultations.

Affecting TB prevention and
control strategies

• Organize virtual conferences, seminars, workshops and fundraising;
• Design strategies to deliver BCG and TB preventive therapy at home;
• Create community awareness of the importance of TB services.

Reactivation of TB

• Plan additional support and resources to reduce the burden of TB;
• Conduct research to identify the impact of COVID-19 on reactivation

of TB and to design interventions mitigating this problem.

5. Conclusions

The health and economic crisis created by the current COVID-19 pandemic, as well as the public
health measures taken to stop the spread of the virus, could have a potential impact on TB prevention
and control in many different ways. The proportion of the cumulative disease burden associated with
the COVID-19 pandemic due to failures in endemic disease management might end up being greater
than that directly caused by COVID-19 itself. It is essential that health systems attempt to maintain
routine services for endemic infectious diseases to the highest level possible, recongizing that this may,
through necessity, be lower than pre-pandemic levels. It is also essential that health systems have a
plan for returning to full service levels as soon as possible, in particular for controlling major endemic
diseases such as TB. Economic analyses of the impact of the pandemic should include indirect effects
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like disruption to routine services and subsequent burden of TB and other endemic infectious diseases.
Public health vigilance is necessary to mitigate the impact of COVID-19 on TB prevention and control,
with plans in place to manage any increases of TB burden in future years.
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Abstract: (1) Introduction. The Structured Operational Research and Training IniTiative (SORT IT)
supports countries to build operational research capacity for improving public health. We assessed
whether health workers trained through SORT IT were (1) contributing to the COVID-19 pandemic
response and if so, (2) map where and how they were applying their SORT IT skills. (2) Methods.
An online questionnaire survey of SORT IT alumni trained between 2009 and 2019. (3) Results. Of 895
SORT IT alumni from 93 countries, 652 (73%) responded to the survey and 417 were contributing to
the COVID-19 response in 72 countries. Of those contributing, 307 (74%) were applying their SORT IT
skills to tackle the pandemic in 60 countries and six continents including Africa, Asia, Europe, South
Pacific and North/South America. Skills were applied to all the pillars of the emergency response with
the highest proportions of alumni applying their skills in data generation/analysis/reporting (56%),
situation analysis (55%) and surveillance (41%). Skills were also being used to mitigate the health
system effects of COVID-19 on other diseases (27%) and in conducting research (26%). (4) Conclusion.
Investing in people and in research training ahead of public health emergencies generates downstream
dividends by strengthening health system resilience for tackling pandemics. It also strengthens
human resources for health and the integration of research within health systems.

Keywords: COVID-19; operational research; health systems; SORT IT; pandemics; training

1. Introduction

“The operational research training I received from TDR and its partners has been invaluable as it
has enabled me to transfer the skills I acquired while conducting research on Ebola to my current work
on COVID-19”—Dr James Squire, Ministry of Health, Sierra Leone.

TMID 2020, 5, 118; doi:10.3390/tropicalmed5030118 www.mdpi.com/journal/tropicalmed203
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These words coming from a front-line doctor who led the 2014/2015 Ebola outbreak response at its
epicenter in Kailahun district in Sierra Leone merit reflection. Dr Squire is now leading the Ministry of
Health’s efforts to enhance surveillance systems that generate real-time, high-quality and disaggregated
data for tackling Coronavirus disease 2019 (COVID-19). Encouragingly, he is applying the research
skills he gained through the Structured Operational Research and Training InitiaTive (SORT IT) to his
current work on COVID-19, but how exactly are these skills being applied? Such information would
help inform the wider gains of investing in research training.

SORT IT is a global partnership-based initiative led by TDR, The Special Programme for Research
and Training in Tropical Diseases, and implemented with various partners including ministries of health,
non-governmental organizations (NGOs) and academic institutions [1]. It supports countries to build
operational research capacity for strengthening health care delivery systems, improving programme
performance and promoting public health [1,2]. The model is unique in that it targets front-line health
workers and other programme staff, embraces “on the job” learning and simultaneously combines
research training with research implementation [3].

In line with a WHO call that “all nations should be producers and consumers of research and
research capacity be strengthened close to the supply of and demand for health services” [4], SORT IT
has trained participants from 93 countries [5]. With 70% of research studies influencing policy and
practice, SORT IT examines what works or does not work in real-world settings and introduces
solutions to improve health care [6].

In the light of the COVID-19 pandemic, the link between this training programme and its role
in strengthening health system resilience to respond to pandemics merits examination. We therefore
assessed (1) whether SORT IT alumni are contributing to the COVID-19 pandemic response and if so,
(2) map where and how they are applying their SORT IT skills.

2. Methods

We carried out a semi-structured questionnaire-based survey on all SORT IT alumni trained from
the start of the SORT IT programme (in 2009) until December 2019. E-mails of alumni were sourced
from a SORT IT web-based alumni network and a training database. Between March and April 2020,
each alumnus received a SurveyMonkey link (surveymonkey.co.uk) to access the questionnaire.

The questionnaire was pre-tested and included information on demographics, whether the person
was currently involved with the COVID-19 response and if so, whether he/she was applying the skills
gained from the SORT IT training to the pandemic response. If the response to the latter was “yes”,
the person was asked to specify the area(s) where the skills were being applied and provide some
illustrative information. Up to two reminders were sent if responses were not received within 7 days.
Where e-mails were invalid, social media links (Facebook Messenger, Skype and Whats App) were
used to update contact details and send reminders.

The SORT IT programme covered various aspects of the research cycle such as research
prioritization, formulation of the research question, study protocol writing, efficient data capture and
analysis, manuscript writing and knowledge management [1]. SORT IT also has an in-built system
to gather information for improving the quality and performance of the training programme [1].
Survey responders were all adults, participation was voluntary, data were anonymized, there were no
personal identifiers and no sensitive personal questions were included that could risk psychological
or social harm. This was thus considered a minimal risk study and the Ethics Advisory Group of
the International Union Against Tuberculosis and Lung Disease, Paris, France (which oversees ethics
reviews for the SORT IT global partnership), determined that ethics clearance was not required for this
study. The survey data was exported to Microsoft Excel and used for data analysis.

3. Results

The survey covered 84 SORT IT courses with 895 alumni from 93 countries. A total of 652 (73%)
alumni (female = 45%) responded to the survey (Figure 1). Of those who responded, 417 from 72
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countries were actively involved in the COVID-19 response and 307 (74%) from 60 countries were
applying their skills acquired from SORT IT courses to tackle the pandemic (Figure 2). The top five
Low-and Middle Income-Countries (LMIC) where alumni were applying their skills included India
(70), Myanmar (32), Zimbabwe (26), Kenya (19), Pakistan (18) and China (6). SORT IT Alumni were
also using their acquired skills in high-income countries (HIC) including Australia, Belgium, Canada,
Italy, Japan, USA, and the United Kingdom (Figure 2).

 

Alumni trained in 84 SORT IT course 

cycles—895 

Alumni contacted for COVID-19 response 
survey—831 (93%) 

(Male = 460; Female = 371) 

Invalid email 

address—64 

Alumni who responded—652 (78%) 
(Male = 364; Female = 288) 

Alumni involved in the COVID-19 
response—417 (64%) 

(Male = 261; Female = 156) 

Alumni using skills acquired through 
SORT IT in COVID-19 outbreak 

response—307 (74%) 
(Male = 199; Female = 108) 

Figure 1. Flowchart showing response rate, involvement in COVID-19 and utilization of skills acquired
through the Structured Operational Research and Training InitiaTive (SORT IT, 2009–2019).
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(SORT IT: Structured Operational Research and Training InitiaTive). 
Africa (22 countries): Zimbabwe (26), Kenya (19), Ethiopia (13), Sierra Leone (8), Uganda (5), 

Guinea (4), Malawi (4), South Africa (3), Sudan (3), eSwatini (2), Nigeria (2), Rwanda (2), Botswana 
(1), Burundi (1), Republic of Cameroon (1), Côte d’Ivoire (1), Democratic Republic of the Congo (1), 
Liberia (1), Mauritania (1), Niger (1), United Republic of Tanzania (1), Zambia (1) 

Asia (16 countries): India (70), Myanmar (32), Pakistan (18), Nepal (8), China (6), Uzbekistan (6), 
Bhutan (5), Kyrgyzstan (3), Bangladesh (2), Tajikistan (2), Cambodia (1), Indonesia (1), Japan (1), 
Kazakhstan (1), Sri Lanka (1), Vietnam (1) 

Europe (8 countries): Belgium (6), Ukraine (6), Armenia (3), Italy (2), Azerbaijan (1), Belarus (1), 
Norway (1), United Kingdom (1) 

South Pacific (7 countries): Federated States of Micronesia (4), Fiji (3), Papua New Guinea (3), 
Kiribati (2), Palau (2), Republic of the Marshall Islands (1), Guam (1) 

South America (3 countries): Colombia (2), Brazil (1), Peru (1) 
North America (3 countries): Canada (2), United States America (2) Honduras (1) Australia (2). 

Figure 2. Geographic mapping of 307 SORT IT alumni applying their acquired SORT IT skills in 60
countries to tackle the COVID-19 pandemic.

Table 1 shows various areas of the COVID-19 emergency response where SORT IT alumni were
applying their skills with some illustrative quotes. Skills were being applied in all the pillars of the
outbreak response, namely: situation analysis, surveillance, emergency preparedness, case management
and data generation and reporting. The three areas with the highest proportion of alumni applying
their skills were data generation, analysis and reporting (56%), situation analysis (55%) and surveillance
(41%). Alumni were also applying their skills in mitigating the health system effects of COVID-19 on
diseases such as tuberculosis, HIV and non-communicable diseases (27%) and in conducting COVID-19
related research (26%).

In total, alumni from 85 countries responded, in 72 countries they were involved in the COVID-19
response and in 60 countries they were applying their skills gained through SORT IT.
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4. Discussion

This is one of the first studies showing that SORT IT provides skillsets and core competencies that
can be used transversally in building health system resilience at the time of a pandemic. Encouragingly,
about seven in every ten individuals involved with COVID-19 reported applying their SORT IT
acquired skills in 60 countries, including both LMICs and HICs.

These findings show that SORT IT has equipped front-line health workers not only with research
skills, but also with a skill-set needed to respond to the unprecedented COVID-19 pandemic [7].
This proves the down-stream benefits of investing in operational research capacity building. The wide
geographic coverage with no dichotomy between LMICS and HICs shows that such skills are universally
applicable and likely to enhance global solidarity in tackling future outbreaks and pandemics.

There might have been a perception by some donors that investing in research capacity building
is a luxury that is divorced from public health action. Much funding for research training also lies with
academic institutions and is not accessible to implementers from disease control programmes [3,8,9].
It is time for a volte-face.

The strengths of this study are that SORT IT alumni in 93 countries were contacted and specific
efforts were made to validate invalid e-mails, thereby limiting non-responders. As the SORT IT
programme has a robust built-in monitoring and evaluation system, we were able to make use of this
existing system to gather both quantitative and qualitative information. Study limitations include
a response rate of 73%, which under the circumstances is still acceptable to good, the self-reported
nature of the response, the potential social desirability bias and, considering the continued expansion
of the COVID-19 pandemic, possible underestimation in our figures.

There are a few other salient observations. First, skills are being applied beyond research to all the
vital pillars of the outbreak response. While SORT IT teaches multiple and practical skills for activities
such as generating and utilizing data, conducting operational research and using evidence to influence
policy and/or practice, several transversal skills are acquired at the same time [1]. For example, skills are
developed in fostering stakeholder engagement, performing situation analysis in programme settings,
prioritizing health issues, ensuring quality-assured data capture and analysis, critically reviewing the
scientific literature, scientific writing to the standards of a medical journal and managing knowledge.
It is therefore not surprising that those who were trained through the SORT IT programme acquired a
“tool-kit” of skills that can then be applied to several areas of the outbreak response.

Second, the three areas where acquired skills were particularly used were data generation, situation
analysis and setting up surveillance systems. The generation of high quality, timely and disaggregated
data is essential for ensuring that countries tackling COVID-19 become “data rich, information rich
and action rich”—a fundamental goal of the SORT IT programme [2]. Conducting a sound situation
analysis and setting up robust surveillance systems are crucial in any outbreak: these help to feel and
monitor the pulse of an outbreak and prevent responders from thinking and acting blindly.

Third, with the lock-down and restricted movements imposed by COVID-19, individuals with
chronic diseases such as tuberculosis, HIV/AIDS and non-communicable diseases will understandably
face hurdles in accessing diagnostic and treatment facilities and adhering to follow-up schedules [10].
It is encouraging that SORT IT alumni were using their skills in offsetting these negative health
system effects.

Finally, following the 2014/2015 Ebola outbreak, WHO spearheaded global efforts to avert epidemics
by making Research and Development (R&D) “outbreak-ready” [7]. While this will accelerate R&D on
vaccines, drugs, and diagnostics, finding out “how to deliver” these innovations in an equitable manner is
imperative [8]. SORT IT could play an important role in such operational research.

In conclusion, the results of this study demonstrate the value of investing in people and in research
training ahead of public health emergencies. Clearly, building upstream operational research capacity
has generated downstream dividends in strengthening health system resilience for tackling pandemics.
In addition, it strengthens human resources for health (HRH) and the integration of research within

209



TMID 2020, 5, 118

health systems. In summary, it allows the health system to have the right people in the right place at
the right time.
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Abstract: COVID-19, caused by the novel severe acute respiratory coronavirus 2 (SARS-CoV-2), emerged
in Wuhan, China, in 2019 and has resulted in the current pandemic. The disease continues to pose
a major therapeutic challenge. Patient mortality is ultimately caused by acute respiratory distress
syndrome (ARDS). Cytokine release syndrome (or “cytokine storm”) is likely to be a contributing factor
to ARDS in many patients. Because interleukin 6 (IL-6) is known to play a key role in inflammation,
IL-6 receptor inhibitors such as tocilizumab may potentially treat COVID-19 by attenuating cytokine
release. We present the case of a 48-year-old male with severe COVID-19, on the verge of meeting
intubation requirements, who needed progressive oxygen support for respiratory distress. The patient
was treated with a non-weight-based dosage of tocilizumab to prevent the onset of a cytokine storm.
We chose to administer an IL-6 inhibitor because of the gradually increasing levels of acute phase
reactants identified on serial blood draws, as well as his declining respiratory status. The treatment
was well-tolerated in conjunction with standard drug therapies for COVID-19 (hydroxychloroquine,
azithromycin, and zinc). The patient subsequently experienced marked improvements in his respiratory
symptoms and overall clinical status over the following days. We believe that tocilizumab played a
substantial role in his ability to avert clinical decline, particularly the need for mechanical ventilation.
Ultimately, the patient was downgraded from the ICU and discharged within days. We highlight
the potential of IL-6 inhibitors to prevent the progression of respiratory disease to a point requiring
ventilator support. This case underscores the potential importance of early serial measurements of
IL-6 and cytokine storm-associated acute phase reactants, such as ferritin, D-dimer, and C-reactive
protein, in guiding clinical decision-making in the management of patients with suspected COVID-19.
Conclusion: The early, proactive identification of serum acute phase reactants should be implemented in
the treatment of COVID-19 in order to screen for a primary contributor to mortality—the cytokine storm.
This screening, when followed by aggressive early treatment for cytokine storm, may have optimal
therapeutic benefits and obviate the need for mechanical ventilation, thereby decreasing mortality.
Additionally, we review current evidence regarding cytokine release syndrome in COVID-19 and the use
of IL-6 receptor inhibition as a therapeutic strategy, and examine other reported cases in the literature
describing IL-6 antagonist treatment for patients with COVID-19.

Keywords: COVID-19; SARS-CoV-2; IL-6 inhibitors; tocilizumab; cytokine release syndrome; cytokine storm
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1. Introduction

The novel coronavirus disease 2019 (COVID-19) outbreak started in December 2019 in Wuhan,
China, and has emerged as a major pandemic [1,2]. Severe acute respiratory syndrome coronavirus
(SARS-CoV-2), an enveloped positive-stranded RNA virus, was later identified as the causative
agent [3,4]. As of April 28, 2020, there were more than 3,000,000 reported cases and 200,00 deaths from
COVID-19 worldwide [5]. The case-fatality rate of COVID-19 has been estimated to be 2–3%, although
estimates vary [6]. Patients with severe cases develop pneumonia that can lead to acute respiratory
distress syndrome (ARDS) [3]. Respiratory failure secondary to ARDS in patients with COVID-19 is
the most common cause of death [7].

Currently, no specific effective drug treatment or vaccine is available for COVID-19 [8,9]. Therapeutic
management is supportive, but some repurposed off-label anti-HIV and anti-viral medications are currently
in use, including hydroxychloroquine, remdesevir, lopinavir/ritonavir, and interleukin 6 (IL-6) receptor
inhibitors, in addition to convalescent plasma therapy [9–12]. Although several trials are underway, the use
of these drugs remains to be substantiated by large, randomized clinical studies; to date, they have
only shown promise in anecdotal experiences and circumstantial evidence mostly derived from studies
conducted in vitro or in patients in single-arm studies with limited sample sizes and nonrandomized
subject populations, which have yielded mixed results [10,13–18].

A major clinical feature of COVID-19 is lung-centric pathology resulting in respiratory deterioration,
and the most common cause of death is acute respiratory failure due to ARDS [3,19]. According to
current data, only 5% of all COVID-19 infections result in ARDS requiring mechanical ventilation,
because most infected individuals experience complete recovery [20]. However, 25% of all patients
with COVID-19 are believed to clinically progress and acquire critical complications, including ARDS,
in which patients may quickly deteriorate and succumb to respiratory failure [21]. In particular,
the survival rate among patients who require ventilator support remains poor. In a recent study on ICU
patients with COVID-19 in Wuhan, China, only 21% of patients requiring non-invasive mechanical
ventilation and 14% of patients requiring invasive mechanical ventilation survived [22]. Therefore,
the early management of respiratory symptoms to prevent progression to ARDS and avert the need for
mechanical ventilation is critical for preventing mortality.

Cytokine storm, a hyperinflammatory state mediated by the release of cytokines, is known to be a
key cause of ARDS [21]. In this regard, disrupting cytokine storm is an important potential therapeutic
approach [21]. Interleukin 6 (IL-6), a multifunctional mediator of inflammation, is widely believed to play
a pivotal role in the development of cytokine storm and to eventually cause the ARDS and interstitial
pneumonia seen in severe COVID-19 [7,20,23,24]. The attenuation of IL-6 through receptor blockade has
been hypothesized to blunt the cytokine storm responsible for respiratory disease progression [20].

Promising results of a recent single-arm trial of 21 patients with severe COVID-19 in China
in February 2020 showed clinical improvements after therapy with the IL-6 receptor antagonist
tocilizumab. Consequently, the Chinese National Health Commission included tocilizumab in the 7th
edition of its guide for COVID-19 diagnosis and treatment [20,21,25]. Italian guidelines followed suit
and began to suggest the use of tocilizumab in cases of rapid radiologic and clinical deterioration [26,27].
Other trials are currently underway worldwide to better understand the potential therapeutic effects of
IL-6 receptor inhibitors for COVID-19 treatment [28,29]. Currently, 23 trials are investigating the use of
tocilizumab worldwide [28]. Additionally, ten trials are underway to investigate the role of the IL-6
receptor inhibitor sarilumab for treating COVID-19 [29].

Here, we present the case of a patient with severe COVID-19 who was administered tocilizumab,
combined with generally accepted therapy at the time (hydroxychloroquine, azithromycin, and zinc),
in an ICU setting. From a clinical standpoint, cytokine storm development was observed, as the patient
required incremental increases in oxygen therapy (L/min) just prior to tocilizumab administration. He was
on the verge of requiring intubation and mechanical ventilation, on the basis of his apparent respiratory
distress and arterial blood gas measurements. Interestingly, the patient showed immediate improvement
and did not require ventilatory support after he received the IL-6 inhibitor. He eventually recovered and

212



TMID 2020, 5, 112

was sufficiently stable for hospital discharge shortly thereafter. The present case highlights the importance
of addressing a mounting cytokine storm in its early stages. Our findings imply that inhibition of the IL-6
receptor has profound benefits under certain circumstances of severe COVID-19.

2. Case Presentation

A 48-year-old male cruise ship worker with no significant past medical history presented to our
hospital with shortness of breath and the production of sputum. He had reportedly tested positive
for COVID-19 before arrival at our hospital. He described having felt sick for seven days while on a
cruise ship, with an initial acute onset of symptoms that developed over the course of a day and rapid
progression to dyspnea on exertion. He also reported a productive cough with yellow sputum, fever,
occasional hemoptysis, nasal congestion, a sore throat, and concomitant nausea and vomiting during
the few days before admission. The patient denied experiencing any similar previous episodes.

On hospital admission, the patient was hypoxic in the emergency department and was placed on
a non-rebreather mask. Arterial blood gas analysis after admission revealed a pH of 7.44, PCO2 of 34,
PO2 of 113, and SaO2 of 98.2% (with a 15% non-rebreather mask). When the non-rebreather mask was
momentarily removed, desaturation occurred, and the SaO2 decreased to 88%.

A chest X-ray revealed infiltrates visible as bilateral hazy opacities (in the right lung more than
the left lung), thus suggesting possible multifocal pneumonia or pulmonary edema due to ARDS,
along with cardiomegaly. Laboratory results revealed elevated acute phase reactants (erythrocyte
sedimentation rate (ESR) 50, C-reactive protein (CRP) > 16, ferritin 672, and lactate dehydrogenase
(LDH) 460) and lymphopenia (lymphocyte count 1.2). Additionally, the blood laboratory results
showed transaminitis, with elevated aspartate aminotransferase (AST) at 58 and normal alanine
aminotransferase (ALT) at 34.

The increased levels of acute phase reactants, an inflammatory biomarker profile elevated from
baseline, and lymphopenia supported our suspicion of cytokine storm as a feature of COVID-19 [30].
The broader differential included acute hypoxic respiratory failure and early onset multifocal viral
pneumonia with impending ARDS. Importantly, some of the primary acute phase reactants believed
to be associated with cytokine storm include ferritin, D-dimer, CRP, troponin, and LDH [31–33].
The clinical values of ferritin, D-dimer, and CRP, in addition to the ESR, which is a general marker of
inflammation, were closely monitored on a regular basis. Lymphocyte counts were regularly assessed as
lymphopenia, which is also believed to be associated with cytokine storm in COVID-19 [31–33]. Oxygen
saturation was also carefully monitored each day. To confirm SARS-CoV-2 infection, we conducted a
nasopharyngeal swab test. The real-time reverse-transcriptase polymerase chain reaction (RT-PCR)
assay results later revealed a positive result on day 5.

The treatment included high-flow oxygen, hydroxychloroquine, azithromycin, zinc, guaifenesin,
acetaminophen, meropenem, vitamin c, cefepime, albuterol, atrovent, mucomyst, dexamethasone,
and methylpredisolone. Additionally, the patient received two doses of tocilizumab (Actemra) at 500 mg
administered 12 h apart. One dose was administered during the night of day 1, and a subsequent dose
was administered the following morning. Overnight, the patient remained on the non-rebreather mask
with 98% saturation.

On day 2, the patient began to feel fatigued and experienced greater difficulty breathing. Because
the patient had not improved on the non-rebreather mask, he was switched to BiPAP with 100% oxygen.
The IL-6 levels were elevated (66 pg/mL). The acute phase reactants remained elevated: D-dimer 2027,
ferritin 588.1, ESR 100 (representing an increase), and CRP > 16. AST remained elevated (55), whereas
ALT was normal (40). The lymphocyte count was 1.1.
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On day 3, the laboratory results revealed leukocytosis (WBC 13.1). Both AST (48) and ALT (50)
remained elevated. The acute phase reactants remained high (CRP trended downward but remained
elevated (14.4), ESR 102, D-dimer 2660, and ferritin 824.8 (representing an increase)). The lymphocyte
counts remained low (1.12). Troponin was measured on that day and was found to be low (<0.05).
The patient’s oxygen saturation remained low (88–89%), and then rose to 93% and later to 96%.
The patient remained on BiPAP overnight and was then shifted to a non-rebreather mask and finally a
nasal canula.

On day 4, the patient became more stable. He reported mild shortness of breath with no acute
complaints. He was taken off the BiPAP and put on the 100% non-rebreather mask. The O2 saturation was
99% peripherally. The acute phase reactants, although still elevated, had improved markedly from the
previous day (CRP 4.7, ESR 89, D-dimer 1388, and ferritin 584.2). AST remained normal (27), and ALT was
elevated (45). The lymphocyte counts were within normal limits (1.4). Leukocytosis persisted (WBC 16.7).

On day 5, the patient was stable and experienced only mild shortness of breath and no other
complaints. He was still on a non-rebreather at 50%. The O2 saturation was 96%. The acute phase
reactant levels remained elevated, but most values showed improvement (D-dimer 1093, ESR 40,
and CRP 3.6 (representing a decrease), and ferritin 682 (representing an increase from the previous
day)). The lymphocyte count was 1.3. ALT was elevated (54), and AST was normal (29). The WBC level
was 14.2. A chest X-ray revealed diminished infiltrates as patchy opacities compared with imaging on
day 2 (Figure 1).

   
Day 1 Day 2 Day 3 

Figure 1. Chest X-rays on day 1, day 2, and day 5. Tocilizumab was administered as two doses of
500 mg Q12 (during the night of day 1 and the morning of day 2).

On day 6, the patient remained stable with even respiration and unlabored breathing. He continued
on the non-rebreather mask at 98–99% levels. All acute phase reactant levels had decreased (CRP 1.5,
ESR 25, D-dimer 724, and ferritin 564.1). ALT (37) and AST (25) were both normal. Lymphocyte (3.0)
and WBC (9.03) counts were in normal ranges.

On day 7, the patient’s condition further improved. The acute phase reactants had mostly further
improved; CRP (1.1), D-dimer (811), and ferritin (538.3) remained at elevated levels, and ESR was in
a normal range at 10. The lymphocyte count was 1.15. ALT remained elevated (43), and AST was
normal (25). The patient continued on a non-rebreather mask and was transferred out of the ICU unit.
The remainder of his hospital stay was unremarkable. He eventually fully recovered and was discharged
from our hospital on day 17. The patient’s clinical progression, as shown by acute phase reactants (ferritin,
D-dimer, and CRP), the lymphocyte count, ESR, and O2 saturation, are depicted in Figure 2.
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Figure 2. Line charts of trends in acute phase reactant biomarkers of cytokine storm—ferritin, D-dimer,
and C-reactive protein (CRP) levels—along with the lymphocyte count and O2 saturation during the
hospital stay (day 1 refers to the first day of the hospital stay). The acute phase reactants displayed
an overall decline from peak levels. (A) Ferritin levels. (B) D-Dimer trends (levels first measured
on day 2 of the hospital stay). (C) CRP levels, which were >16 for days 1 and 2 of the hospital stay.
(D) Erythrocyte sedimentation rate (ESR) levels (reference interval 0–15). (E) Lymphocyte count.
(F) Oxygen saturation (SO2, pulse oximetry) levels during the hospital stay. The patient was initially
started on a non-rebreather mask and then switched to BiPAP on day 3.

3. Discussion

3.1. COVID-19 Pathophysiology and Cytokine Storm

Cytokine storm is seen in a variety of syndromes, including macrophage activation syndrome
(MAS), hemophagocytic lymphohistiocytosis (HLH), and chimeric antigen receptor (CAR) T-cell therapy
(used to treat lymphomas and leukemias) associated with hyperinflammation (known as cytokine release
syndrome) [3,34–38]. MAS is a rare and potentially life-threatening condition entailing a cytokine
storm in which macrophage and lymphocyte interactions are dysregulated, thus leading to cytokine
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release [39]. HLH is a critical condition marked by hyperinflammation, hemophagocytosis, and histiocyte
proliferation, and is classified as either familial HLH or secondary HLH [40]. One potential mechanism
for the cytokine storm in HLH disorders may be an increase in cytokines, including TNFα, IL-1, interferon
gamma (IFN-γ), IL-6, sTNFRs, and soluble IL-2R (sIL-2R), as a consequence of dysregulated interactions
between lymphocytes and macrophages [39]. Patients with COVID-19 exhibit clinical attributes similar
to secondary HLH: hyperferritinemia, cytopenia, and ARDS [12].

The inflammatory cytokine storm observed in COVID-19 shares features with MAS and HLH, but has
some distinguishing characteristics [3]. In COVID-19, compared with MAS, the increases in ferritin are not
as high, and organ damage is primarily restricted to the lungs [38]. The clinical attributes of patients with
COVID-19 also mirror those in cytokine release syndrome, which arise as a consequence of CAR-T cell
therapies for certain lymphomas [20]. Importantly, not all patients with COVID-19 undergo cytokine storm;
this phenomenon only occurs in a certain subset of severe cases [12]. The classic clinical picture of a patient
with cytokine storm involves rapid respiratory deterioration [41,42]. Our patient began to decline and
demonstrated symptoms of respiratory distress (labored breathing) on the first day of admission, and had
reportedly been experiencing symptoms for 7 days prior.

Cytokine storm instigates a robust immune-driven attack on the body, leading to ARDS (and multi-organ
failure) and ultimately causing morbidity in severe COVID-19 [43,44]. The pathophysiology of cytokine
storm is not fully understood, but is currently thought to be based on the mechanisms of inflammatory
disorders, including MAS and cytokine release syndrome. Initially, SARS-CoV-2 binds angiotensin
converting enzyme 2 (ACE-2) receptors and then invades the respiratory epithelium [37,45]. Dendritic
cells and alveolar macrophages are activated because of the presence of SARS-CoV-2 and subsequently
release IL-6, which is also secreted by the respiratory epithelium [37,45]. A cascade of the cytokines
IL-1B, IL-12, and TNF-α results, and their secretion induces WBCs to release cytokines, thus effectively
perpetuating an inflammatory cycle [12,45]. These cytokines also enter the circulation and cause
systemic multi-system pathology [46].

The robust hyperinflammatory cytokine response induces the apoptosis of endothelial and
epithelial cells in the lungs, resulting in tissue injury, leakage and edema, and ARDS [46,47]. As immune
cells destroy alveolar tissue, permeability increases, thus resulting in fluid entry into the alveoli;
less oxygen enters the blood, because alveolar type I cells are diminished, and a loss of surfactant
leads to alveolar collapse. These responses together impair normal gas exchange [3,48]. Additionally,
cytokines cause vasodilation, thereby contributing to a build-up of fluid in the alveoli, diluting
surfactant, and causing alveolar collapse; as alveolar type I and alveolar type II cells are destroyed,
the alveoli collapse, and ARDS ensues [48].

An increased synthesis of collagen and TGF-α and deposition of fibrin are also observed in the
development of ARDS [3]. Features of ARDS additionally include alveolar exudate, edema, and cellular
infiltration, thus resulting in damaged alveoli and limited gas exchange [21]. Xu et al. [44] have described
post-mortem biopsies of COVID-19 patients with ARDS in China that showed classic ARDS-related
features, such as pneumocyte desquamation, the formation of hyaline membranes, and pulmonary
edema. Additionally, the presence of lymphocyte-dominated mononuclear inflammatory infiltrate
in the interstitium was observed bilaterally [44]. Because of the high numbers of mononuclear
lymphocytes, these T-cells have been thought to potentially enter the pulmonary circulation and trigger
an inflammatory storm [21].

ARDS and severe illness in patients with COVID-19 usually develop 1–2 weeks after the onset of
symptoms [49]. Our understanding of ARDS in COVID-19 is still evolving. It has been suggested that
COVID-19 may be characterized by a unique form of ARDS, marked by a feature not seen in classic
ARDS: the seemingly preserved compliance and respiratory mechanics relative to the high degree of
hypoxemia [50]. Figure 3 depicts the alveolar changes that occur in severe COVID-19.
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Figure 3. Alveolar changes due to cytokine syndrome-induced acute respiratory distress syndrome
(ARDS) in severe coronavirus disease 2019 (COVID-19), according to current understanding [3,48,50,51].
This model is based in part on hypotheses (because our understanding of ARDS remains incomplete),
along with reported pathological findings in COVID-19-related ARDS from post-mortem biopsies.
Many of the features are hallmark characteristics of conventional ARDS. Nonetheless, COVID-19 is
increasingly believed to display an atypical form of ARDS [50].

3.2. Diagnostic and Prognostic Roles of Serum Markers for Severe COVID-19 and Cytokine Storm

The onset of the hyperinflammation in cytokine storm may be evidenced by coagulopathy, cytopenia,
tissue damage, the inflammation of liver tissue, and the activation of macrophages and hepatocytes [38].
Therefore, laboratory findings potentially suggesting the onset of cytokine storm in patients with
COVID-19 may include increased levels of acute phase markers (such as D-dimer, CRP, LDH, ferritin,
and troponin), low platelets, decreased fibrinogen, lymphopenia, thrombocytopenia, increased LDH,
and transaminitis (elevated AST and ALT) [31–33,38]. Lymphopenia is a commonly reported feature of
COVID-19 cytokine storm, and given that the cytokine storm must be orchestrated by other leukocytes
(not T cells), an elevated WBC count is also common, suggesting that lymphopenia with leukocytosis
may be a key feature in the differential diagnosis of COVID-19 [51]. In our patient, lymphopenia was
observed on day 1, and on day 3 the patient developed leukocytosis. Elevated CRP and ferritin levels are
key in the diagnosis of MAS and HLH. Recent studies have suggested a similar marker profile in severe
COVID-19. Interestingly, cytokine storm in COVID-19 differs from that associated with other viruses as
the increase in ferritin in COVID-19 is relatively modest [38]. Ferritin has been suggested as a prognostic
indicator for cytokine storm in COVID-19 [38,52].

Serum inflammatory biomarkers may have a role in assessing disease progression, since a poor
prognosis in COVID-19 appears to be correlated with abnormal serum markers and clinical attributes
of cytokine storm [38]. A recent retrospective observational study of 21 patients in China comparing
the attributes of moderate versus severe COVID-19 found that severe cases are more often typified by
hypoalbuminemia and lymphopenia, with relatively high levels of ALT, LDH, and CRP, and particularly
high levels of TNF-α, IL-2R, IL-6, and IL-10 [53]. One recent meta-analysis of 21 COVID-19-related
studies on 3377 patients has shown that the levels of interleukin 10 (IL-10), IL-6, and ferritin strongly
correlate with disease severity [30]. The study also showed that patients who experienced severe disease
and even mortality had thrombocytopenia, lymphocytopenia, and higher WBC counts compared
with those with moderate disease and disease resolution [30]. Mehta et al. [12] have suggested that
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inflammatory biomarkers, including ESR, decreased platelets, and increased ferritin, should be used
by clinicians to risk-stratify patients who might benefit from immunomodulating treatments (such as
IL-6 inhibitors). One recent study of 343 hospitalized patients with COVID-19 in Wuhan showed
that D-dimer levels above 2.0 μg/mL on admission were predictive of mortality, thereby suggesting a
potential prognostic role of D-dimer [54].

Therefore, an early assessment of these biomarkers may be critical, since rapidly identifying an
emerging cytokine storm and targeting immune dysregulation in patients with COVID-19 before the
rapid progression to ARDS has the potential to avoid the need for mechanical ventilation, given the
low rates of survival among patients with COVID-19 who are placed on ventilators [22,38]. Experience
in MAS and cytokine release syndrome has shown that intervening at an early stage of disease may be
important for avoiding irreversible damage to tissue [38].

3.3. The Role of IL-6 in Cytokine Storm and COVID-19

IL-6 is a pleiotropic cytokine in the glycoprotein-130 (gp130) family of cytokines [55,56]. It has
a myriad of physiological functions, including the production of acute phase reactants, stimulation
of immunoglobulin production by activated B cells, regulation of bone homeostasis, lipid oxidation,
glucose metabolism, and regulation of energy expenditure and appetite [56–59]. The mechanistic
and multifunctional complexity of IL-6 is underscored by its anti-inflammatory effects (production of
acute phase reactants from liver and epithelial cell regeneration), in addition to its pro-inflammatory
properties (inflammatory cell recruitment, disrupted differentiation of regulatory T-cells, and inhibition
of inflammatory cell apoptosis) [37,60]. Therefore, the role of IL-6 in COVID-19 is complex and not
fully elucidated [3]. For instance, theoretically, the high IL-6 levels in COVID-19 pneumonia have
been suggested to have beneficial or deleterious effects, since IL-6 in other infections can enhance
viral replication or suppression in experimental models [3,61]. However, emphasis has been placed
on its mainly pro-inflammatory nature in COVID-19, as confirmed by clinical reports on patients
with COVID-19.

IL-6 plays a major role in various inflammatory and autoimmune disorders [62]. Importantly,
an excessive generation of IL-6 during infections and tissue injury is believed to be responsible
for cytokine release syndrome [59]. IL-6 dysregulation leads to the activation of complement and
coagulation, inducing vascular leakage [24,63–65]. The activation of IL-6 is thought to be the key
feature of the progression of COVID-19 pneumonia to ARDS and hyperinflammation [45].

IL-6 peak levels have been associated with pulmonary disease progression in COVID-19 [66].
Importantly, on day 2, our patient showed elevated IL-6 levels. In a recent retrospective cohort study
of 201 patients in Wuhan, China, Wu et al. [67] reported a statistically significant correlation between
IL-6 and mortality.

Interestingly, a role of IL-6 as a prognostic marker for COVID-19 has also been suggested.
One recent meta-analysis of studies involving a total of 264 patients with COVID-19 in China reported
that patients with severe COVID-19 have higher IL-6/IFN-γ ratios than those with more moderate
conditions, thus suggesting that the IL-6 and IFN-γ levels may serve as a possible prognostic tool in
managing patients with COVID-19 [68].

Figure 4 illustrates the proposed inflammatory sequence of the cytokine storm observed in
COVID-19 and the key role played by IL-6.
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Figure 4. Proposed model of the cytokine storm in severe COVID-19, revealing the mechanistic complexity
of the cytokine cascade and subsequent pathology [3,21,37,45,46,69]. The model is primarily based on
current knowledge of cytokine storm, as seen in macrophage activation syndrome (MAS), hemophagocytic
lymphohistiocytosis (HLH), and chimeric antigen receptor (CAR) T-cell therapy. Notably, cytokine storm
in both MAS and HLH displays increased levels of cytokines interleukin (IL)-1, IL-2, IL-18, macrophage
colony stimulating factor (M-CSF), interferon-γ, and tumor necrosis factor (TNF) α, in addition to IL-6,
although definitive causality due to all these cytokines has not been determined [23].

3.4. IL-6 Signal Transduction Pathway

IL-6 signaling occurs through a complex sequence of induction. There are two forms of the IL-6
receptor: a membrane-bound IL-6 receptor (IL-6R) and a soluble IL-6 receptor (sIL-6R) [70] IL-6 signaling
primarily occurs through two modes: the classic signaling pathway mediated by membrane-bound
IL-6R and the trans-signaling pathway mediated by sIL-6R [56,59]. Membrane-bound IL-6R is mainly
found on hepatocytes, certain epithelial cells, megakaryocytes, and some groups of leukocytes;
thus, the classic signaling pathway only occurs in these locations [55,71]. In contrast, the trans-signaling
pathway can occur in all cells of the body, because it primarily requires the presence of the gp130
receptor protein, which is expressed in all cells [60].

In the classic signaling pathway, IL-6 binds membrane-bound IL-6R on the membrane of target cells
and then interacts with the gp130 receptor to form a complex [55,70]. The activation of gp130 leads to
the downstream activation of the Janus activated kinase-signal transducer and activator of transcription
(JAK/STAT) pathway by influencing JAK (which is constitutively bound to the gp130 cytoplasmic domain),
thereby inducing STAT3 phosphorylation (activation of STAT3) [56,70]. Therefore, IL-6′s interaction with
its receptor ultimately leads to the activation of STAT3. The JAK/STAT3 complex translocates to the
nucleus, where it activates transcription and consequently leads to the expression of acute phase proteins,
which are a main feature of inflammation; their induction may have homeostatic effects [56,60].

This JAK/STAT pathway is regulated through negative feedback by suppressors of cytokine
synthesis (SOCS-1 and SOCS-3) [56,59]. SOCS-1 binds activated JAK and SOCS-3 binds phosphorylated
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gp130, thus halting JAK activation [56]. Notably, IL-6R signaling also activates the JAK-SHP2 mitogen
activated protein kinase (MAP-kinase) pathway, in addition to the JAK-STAT signaling pathway,
thereby resulting in the activation of several transcription factors [56,59]. In the trans-signaling
pathway, the binding of IL-6 to sIL-6R in cells that lack surface expression of the IL-6 receptor results in
coupling with gp130, which in turn leads to signal transduction [56,70]. This pathway is hypothesized
to be pro-inflammatory [60].

3.5. Potential Therapeutic Role of IL-6 Receptor Inhibition in COVID-19

IL-6 receptor inhibition has promise as a therapeutic strategy because it results in a blockade of
signal transduction and gene expression [70]. IL-6 and its interactions with the IL-6 receptor stimulate
the release of various acute phase proteins (including fibrinogen, CRP, hepcidin, and serum amyloid A)
and promote inflammation. Therefore, the blockade of this interaction can be used to attenuate systemic
inflammation in immune disorders such as Castleman disease and rheumatoid arthritis [59,72].

For example, two IL-6 receptor inhibitors used to treat rheumatoid arthritis are tocilizumab and
sarilumab [33]. Tocilizumab is a humanized monoclonal antibody (IgG1k subclass) that acts against
both IL-6R and sIL-6R receptors and is traditionally used to treat rheumatoid arthritis, systemic juvenile
idiopathic arthritis, Castleman disease, and other autoimmune disorders [37,73–75]. The U.S. FDA
cleared tocilizumab in 2017 for the treatment of cytokine release syndrome resulting from CAR-T
cell therapy [37]. Figure 5 depicts the IL-6 signaling pathway and the role of tocilizumab in IL-6
receptor antagonism.

Figure 5. IL-6 classic and trans-signaling pathways, with a model of tocilizumab-mediated therapeutic
receptor antagonism [21,55,56,60,70,76]. The diagram displays the normal sequences of the classic
and trans-signaling pathways. Tocilizumab acts on both pathways (on the IL-6 receptor in the
classic pathway and the soluble IL-6 receptor in the trans-signaling pathway). Note: IL-6 also uses
trans presentation (in which IL-6 and membrane-bound IL-6R on dendritic cells are presented to
gp130-expressing T-cells in proximity) as the third mode of signal transduction, but this pathway is not
shown here [56,75].
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In the U.S., tocilizumab is sold under the trade name Actemra, whereas in Europe, its trade name
is RoActemra [73]. Tocilizumab has an additional use in treating the cytokine release syndrome that
specifically results from CAR T-cell therapy used in B-cell malignancies [33,34]. Therefore, tocilizumab
and sarilumab have been suggested to have therapeutic potential in patients with COVID-19 when
there is suspicion of a cytokine storm according to elevated acute phase reactant markers (e.g., ferritin,
D-dimer, CRP, and LDH), as was the case in our patient [31–33].

Accordingly, on day 1 of admission, we initiated an intravenous (IV) administration of tocilizumab.
For the treatment for CAR-T therapy-initiated cytokine release syndrome, a conventional IV infusion of
tocilizumab (alone or with corticosteroids) is indicated with a weight-based dose at 8 mg/kg for patients
weighing at least 30 kg, which corresponded to a dose of 1005 mg in our patient [77]. We administered
two smaller doses (500 mg each) with a 12 hour interval not based on weight, given the experimental
nature of its use in COVID-19 and to mitigate any adverse effects. The National Health Commission of
China’s official guidelines in the “Chinese Clinical Guidance for COVID-19 Pneumonia Diagnosis and
Treatment” suggest using tocilizumab in patients who display widespread lung lesions and disease in
severe stages with elevated IL-6 levels; its use is contraindicated in patients with ongoing infections,
particularly tuberculosis [25]. The first dose has been suggested to be introduced at 4–8 mg/kg (but the
suggested dose is 400 mg diluted to 100 mL in addition to 0.9% normal saline with more than 1 hour of
infusion time) [25]. These guidelines also recommend that if patients have a suboptimal response after
the first dose, a second administration with the same dose can be performed after 12 hours, with a
maximum of two administrations [25]. Additionally, it has been recommend that a single dose does
not exceed 800 mg [25]. Therefore, the dosing regimen for our patient was similar to this recommended
dosing protocol, but with a slightly higher dose per administration.

Importantly, IL-6 inhibitors attenuate the immune response, increasing the risk of opportunistic
infections, leukopenia, and liver injury [73,78]. Some known adverse effects of tocilizumab include
liver disease, allergic reactions, anaphylaxis, stomach and abdominal pain, skin and soft tissue
infections, neutropenia, and hypercholesterolemia [73,79]. Reactivation of tuberculosis can occur,
although this has been reported to be less common than that after treatment with tumor necrosis
factor inhibitors [73]. Additionally, a possible association between tocilizumab and osteonecrosis of
the jaw has been reported [80]. However, our patient did not exhibit any noticeable symptoms due to
tocilizumab. Notably, IL-6 inhibitors may be cost-prohibitive [81]. Clinicians should weigh the benefits
and limitations of tocilizumab therapy compared with other currently used drugs for the management
of COVID-19 (Table 1).
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3.6. Evidence and Reports of Tocilizumab Use for COVID-19

Our experience at a small-sized urban community hospital mirrors the positive results reported
in other cases in the literature. The first report that sparked considerable attention in China
described 21 patients with severe COVID-19 at two different Chinese hospitals who received one
administration of tocilizumab in conjunction with standard therapy; all patients reported dramatic
clinical improvements [90]. The patients received a single 400 mg tocilizumab dose and standard
recommended therapy with lopinavir, methylprednisolone, oxygen treatment, and symptom relief
medications. The fever declined in several days, and marked improvement was observed in all
patients. Lymphocyte and CRP levels decreased after tocilizumab therapy. Fifteen patients showed a
decreased oxygen intake, and one patient no longer needed oxygen therapy. Twenty patients were
discharged (average of 13.5 days after tocilizumab therapy), and one was removed from the ICU [21].
No adverse effects were reported. As a result, the National Health Commission of China officially
added tocilizumab to its guidelines in the “Chinese Clinical Guidance for COVID-19 Pneumonia
Diagnosis and Treatment” [21,25].

Luo et al. [13] conducted a retrospective study of 15 patients with COVID-19 in Wuhan, China.
The study assessed 15 patients with COVID-19 (12 males and three females with a median age of
73 years) treated with tocilizumab (eight patients were given a combination with methylprednisolone).
Ten patients were administered a single dose and two were given double doses of tocilizumab. Serum
acute phase reactants CRP and IL-6 were measured before and after therapy. Two patients were
“moderately ill,” and the rest were in a serious or critical condition. Ten patients had at least one
co-morbidity. The CRP levels decreased in all patients. The IL-6 levels decreased in most (11) patients.
Mortality was seen in three patients and disease exacerbation occurred in two patients. The remaining
ten patients showed stabilization. A total of four critically ill patients were given a single dose; three
patients died and one experienced disease aggravation. The authors concluded that tocilizumab may
have benefits. The study further suggested that a single dose of tocilizumab (even when used with
glucocorticoids) may not be sufficient for improvement in critical patients, whereas repeated doses
may result in improvement. The limitations of the study were its retrospective and observational
nature, small sample size, and non-randomized sample, with a substantial number of patients with
comorbidities. Doses of tocilizumab varied among patients, some of whom received a double dose
and approximately half of whom received methylprednisolone in addition to tocilizumab.

Other reports have described patients treated with tocilizumab with hydroxychloroquine without
other major drugs, similar to our patient. De Luna et al. [91] have reported the case of a 45-year-old
patient with COVID-19 in France who had sickle cell anemia with acute chest syndrome and pneumonia,
and who was administered tocilizumab (in addition to hydroxychloroquine) and showed subsequent
improvement. He presented on day 1 with an oxygen saturation of 91%, and then deteriorated to
80% oxygen saturation on day 2, at which time he was administered IV tocilizumab (8 mg/kg dose),
in addition to the ongoing hydroxychloroquine (200 mg every 8 hours) and supplemental oxygen.
On day 3, he showed improvement. In our patient, tocilizumab was administered in conjunction with
ongoing hydroxychloroquine and other standard medications on day 1, followed by a second dose
12 hours later on the morning of day 2. Our patient also showed major improvement after tocilizumab
administration, although we administered two doses rather than one.

Fontana et al. [92] have also described the successful use of tocilizumab in conjunction with
hydroxychloroquine (with other immunosuppressive drugs) in a 61-year-old man with a previous
kidney transplant for ESRD from chronic interstitial nephritis and an extensive past medical history
(nodal marginal zone lymphoma, pulmonary embolism, Parkinson’s disease, and neurogenic bladder).
The patient was admitted for a continual fever and shivering, and over the course of the hospital
stay, was diagnosed with COVID-19. His arterial pO2 declined to 57 mmHg, and low-flowing oxygen
via a nasal canula was started. Hydroxychloroquine (200 mg, twice per day) was administered,
and the ongoing cyclosporine dose was decreased by half. Two days later, because of the lack of
improvement, cyclosporine was withdrawn, and the methylprednisolone dose was increased to 16 mg
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daily. After 324 mg subcutaneous administration of tocilizumab, the patient’s fever resolved, the arterial
pO2 improved progressively, and oxygen therapy was discontinued. The IL-6 levels increased 6 days
after tocilizumab administration (to 619.11 pg/mL), probably because of receptor inhibition as opposed
to a lack of drug efficacy. The patient was discharged on day 22 without a fever and with 95% peripheral
oxygen saturation on ambient air.

Importantly, this is the only case in the literature showing possible adverse effects of tocilizumab
administration: leukopenia, neutropenia, and pseudomonas infection. However, these were treated and
adequately managed. IV immunoglobulins (IVIG) were administered to alleviate ensuing leukopenia
with neutropenia, which was thought to have arisen from tocilizumab administration. The patient’s
leukocyte count increased. Meropenem was re-introduced after a urine culture showing multi-drug
resistant Pseudomonas aeruginosa, which might have resulted from tocilizumab treatment, given that
secondary bacterial infections are a known adverse effect. Furthermore, the patient had several
comorbidities and, as a transplant patient, was already being treated with cyclosporine. Therefore,
the role of tocilizumab in his outcome is difficult to determine. Additionally, because he had also
been treated with hydroxychloroquine, IVIG, methylprednisolone, and azithromycin, the role of any
individual drug cannot be established.

In other case reports, patients were also treated with several drugs in conjunction with tocilizumab,
and they often had distinct comorbidities. Zhang et al. [93] have described the case of a 60-year-old
male COVID-19 patient in Wuhan, China, with multiple myeloma who received tocilizumab and
showed clinical improvement. He initially received moxifloxacin, umifenovir, and chemotherapy.
He was later given methylprednisolone after experiencing chest tightness and shortness of breath.
On day 9, he was intravenously administered one dose of tocilizumab. On day 12, he no longer felt
chest tightness. The IL-6 levels decreased overall, with a slight momentary rebound elevation. On day
19, his CT scan showed a diminished classic ground-glass appearance. He was successfully discharged.

Other studies have reported patients who were also administered two or more doses of tocilizumab
and improved. Michot et al. [94] have described the case of a 42-year-old male with metastatic
sarcamatoid clear cell renal carcinoma who developed COVID-19 and showed improvement after two
doses of tocilizumab. During the hospital stay, he received lopinavir-ritonavir on day 7 for 5 days.
On day 8, he experienced sudden dyspnea and a decrease in oxygen saturation. The tocilizumab
was administered in two doses of 8 mg/kg with an 8-hour interval in between. The patient showed
clinical improvement, his fever regressed, and he had decreased oxygen requirements. His CRP
levels dramatically decreased. Importantly, these positive results must be viewed by considering that
the patient already had an immunosuppressed status due to cancer, and that because he received
lopinavir-ritonavir, any benefit from this drug alone or the combination remains unclear.

Cellina et al. [95] have characterized the case of 64-year-old man with no comorbidities who
developed COVID-19 and experienced dyspnea and decreased oxygen saturation at 90% on day 6 of
his hospital stay. On day 7, he was started on assisted ventilation, and tocilizumab was administered in
two doses of 8 mg/kg, with 12 hours between doses (days 7 and 8). On day 9, the CRP and WBC count
declined, and his condition improved. He was weaned off ventilatory support. On day 14, his CT
revealed improvements.

Similarly, Di Giambenedetto et al. [26] have reported the successful resolution of clinical symptoms
in three male hospitalized patients with COVID-19 (71, 45, and 53 years of age) after treatment with
tocilizumab. Clinical improvement was seen in all three patients. In one patient (71-year-old male) who
was given two doses of tocilizumab, there was a resolution of fever, the oxygen saturation improved,
and the CRP returned to a normal range. In the second patient (45-year-old male) treated with two
doses of tocilizumab in addition to antiviral treatment, there was clinical improvement, fever resolution,
and a decrease in CRP levels after tocilizumab infusion. In the third patient (53-year-old) treated
with three doses of tocilizumab, dyspnea resolved, the oxygen saturation improved, and the CRP
levels decreased.
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In one investigation by Jacobs et al. [96], over the course of 24 days, 32 patients with COVID-19
were placed on extracorporeal membrane oxygen (ECMO), followed by the administration of adjunctive
drugs. Five survived, and two of the five survivors were treated with tocilizumab or sarilumab.
However, the clinical details of these patients and the specifics of drug administration have not been
described. This study had a small sample size and was observational and retrospective. Additionally,
other factors might have contributed to the outcomes (e.g., the use of ECMO).

In another observational study, Giamarellos-Bourboulis et al. [97] administered tocilizumab to six
patients who were part of a group of 54 patients with COVID-19 under study for immune dysregulation
and immune responses. The plasma of these patients was also studied. The absolute lymphocyte levels in
the six patients decreased after tocilizumab therapy. The introduction of tocilizumab in plasma-enriched
cell medium partially restored HLA-DR expression on cells. Importantly, IL-6 is believed to be the cause
of decreased HLA-DR on CD14 monocytes [97]. Severe respiratory failure is associated with a significant
decrease in HLA-DR expression on CD14 monocytes [97]. Therefore, the investigators suggested that
tocilizumab partially relieves the immune dysregulation seen in COVID-19.

However, one patient described in the literature by Ferrey et al. [98] remained in a critical condition
after tocilizumab therapy. He was a 56-year-old male with end-stage renal disease dependent on
hemodialysis and with hypertension, who developed severe COVID-19. He developed ARDS and
was intubated. He was given hydroxychloroquine in conjunction with standard drugs for ARDS and
septic shock. On day 6, he received tocilizumab. The authors report that he remained in a critical
condition at the time of the case report (his care was ongoing). Importantly, the patient had other
notable comorbidities, which may have influenced his outcome.

Interestingly, the experience reported for one patient with COVID-19 by Minhai et al. [99] may
even suggest a potential prophylactic role of tocilizumab in preventing severe COVID-19. The authors
report the case of a 57-year-old female patient in Switzerland who experienced systemic sclerosis,
insulin-dependent type 2 diabetes mellitus, and obesity, and who was already being administered
tocilizumab (8 mg/kg every 4 weeks IV) before presenting to the hospital 4 weeks after the last
tocilizumab dose with symptoms of COVID-19. She was quarantined at home and monitored, and she
received no drug administration (her scheduled tocilizumab infusion for systemic sclerosis was
postponed). Ultimately, she only developed a mild form of COVID-19 and subsequently recovered.
The authors postulate that the pre-COVID-19 administration of tocilizumab might have led to a
mild form of the disease and might possibly have prevented severe COVID-19, particularly given
the patient’s several comorbidities, which placed her at high risk of developing severe COVID-19.
Therefore, in contrast to other patients, this patient had received tocilizumab before SARS-CoV-2
infection. Nonetheless, a definitive role of tocilizumab in preventing severe COVID-19 in this patient
cannot be established. Notably, she was already immunosuppressed because of her comorbidities.

The relative sudden recovery in nearly all of these reported cases after tocilizumab administration
during respiratory deterioration suggests that tocilizumab may have a therapeutic benefit. Only a
certain subset of patients might strongly benefit from tocilizumab. Interestingly, only one case showed
any adverse effect of tocilizumab, thus suggesting the relative safety of this treatment, although
potential adverse effects might still occur. Moreover, tocilizumab might have an optimal therapeutic
effect when used concomitantly with other drugs. Future studies should explore which patients are
most likely to benefit from tocilizumab, determine whether its sole use or combined therapy yields the
most optimal effect, and identify the most effective dosing regimens.

In addition, only one case involved a patient placed on mechanical ventilation and subsequently
administered tocilizumab for successful recovery; all other patients were administered the drug at a
time when their respiratory function was declining, but they had not yet been placed on mechanical
ventilation, thus suggesting that tocilizumab might work most effectively at the time of emergence of a
cytokine storm. Precise identification of the optimal time period in which to administer tocilizumab is
critical, and further investigations may shed light on the most suitable time to use the drug. The case
described by Minhai et al. [99] suggests the need for studies examining the potential role of tocilizumab
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in preventing severe COVID-19. A summary of existing cases in the literature that describe tocilizumab
use in patients with COVID-19 is shown in Table 1.

Our case report has some notable limitations. The patient was concomitantly treated with several
drugs (including hydroxychloroquine and azithromycin) that might have influenced his clinical course.
Therefore, we cannot definitely ascertain whether any one drug agent or the combination played a role
in his recovery. Additionally, because most patients with SARS-CoV-2 infection recover (the case-fatality
rate is low, at an estimated 2–3%), determining whether the introduction of tocilizumab might be solely
responsible for lung recovery is challenging.6 However, given that the patient was declining with
deteriorating respiratory symptoms, and that sharp recovery and relief was observed after tocilizumab
administration, tocilizumab may have had a role in the patient’s clinical improvement.

4. Conclusions

We present the case of a patient with COVID-19 whose condition improved after the use of
tocilizumab, obviating the need for mechanical ventilation. He tolerated tocilizumab well and did not
experience any known adverse effects. Our experience appears to mirror other cases in the literature
that suggest a potential efficacious role of IL-6 receptor inhibition in attenuating cytokine release
syndrome in patients with severe COVID-19.

Avoiding the need for mechanical ventilation is a key therapeutic strategy in COVID-19
management. Current evidence suggests that approximately 79–86% of patients who require ventilator
support experience mortality [22]. Therefore, the period of time before respiratory decline to the point
at which ventilator support is needed may be especially important during the COVID-19 disease
course. Therefore, although all reports to date are anecdotal and evidence is circumstantial, there may
be a role for early aggressive immunosuppressive management to avert the need for ventilator support;
this time period may be crucial for recovery and for preventing progression to ARDS, which can cause
irreversible lung damage.

Our case highlights the importance of the early recognition of the cytokine storm and of
prompt immunosuppressive measures to halt disease progression. The early identification of clinical
deterioration (as assessed by levels of cytokine storm-associated acute phase reactants) and subsequent
aggressive management of patients with severe COVID-19 during the onset of respiratory decline may
be key for preventing mortality. As suggested by both our experience and anecdotal cases described in
the literature, acute phase reactant proteins may play an important role in the diagnosis and prognosis
in severe COVID-19. Future studies are needed to determine their potential in risk stratification.
According to the results of recent studies, clinicians should consider initiating measurements of IL-6
levels, the WBC count, lymphocytes, platelets, ferritin, D-dimer, CRP, and LDH for the risk stratification
of cytokine storm [30–33].

The efficacy of combination therapy of IL-6 inhibitors with other drugs, such as hydroxychloroquine
(in conjunction with azithromycin) and zinc, or other currently used COVID-19 treatments requires
further investigation. Several therapies when used in concert might potentially attenuate disease
pathology. We administered a smaller dose of tocilizumab than is typically used in patients with
cytokine release syndrome, but slightly higher than the amounts used in previous studies. Therefore,
our experience may shed light on the need for optimal therapeutic doses, which must still be established.
Further investigations should explore the potential of dosages not based on weight to determine
whether this approach would yield different therapeutic results. According to the literature describing
cases in which variable dosing led to recovery, determining whether a single or multiple dose is
most effective in COVID-19 is also needed. The optimal timing of use remains to be determined.
Additionally, not all patients may be candidates for IL-6 inhibitor treatment. Decisions to administer
the drug should consider co-morbidities, such as inactive tuberculosis, in conjunction with the patient’s
current immune status.

Therapeutic horizons in the treatment for COVID-19 may entail various methods for preventing
or disrupting disease progression in ARDS. Further investigations are warranted to shed light on
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alternative potential therapeutic targets for cytokine storm disruption, particularly in the IL-6 signaling
pathway. For example, inhibitors of the JAK/STAT signaling pathway, which could help decrease the
levels of cytokines (including IL-6 and IFN-γ) observed in severe COVID-19, have been suggested as a
potential therapy [49,100]. However, to date, IL-6 receptor inhibition has garnered substantial attention
in the scientific community worldwide, and the upcoming results of current trials of tocilizumab may
provide a clearer picture of its efficacy. Until large randomized-controlled studies reveal conclusive
evidence of the large-scale efficacy of IL-6 receptor inhibition as a viable therapeutic option in patients
with severe COVID-19, clinicians should consider the anecdotal cases of the successful aversion
of both cytokine storm and disease progression through the use of these drugs. Such decisions,
however, must be made with caution and a consideration of the potential adverse immunomodulatory
effects of IL-6 receptor inhibitor therapy. Despite the potential adverse effects of IL-6, the use of
tocilizumab in conjunction with other immune-mediating medications may be a promising treatment
for severe COVID-19.

Informed consent was obtained from the patient to describe and publish his case.
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Abstract: The COVID-19 pandemic has caused unforeseen and extreme changes in societal and health
system functioning not previously experienced in most countries in a lifetime. The impact of the pandemic
on clinical trials can be especially profound given their complexities and operational requirements.
The STREAM Clinical Trial is the largest trial for MDR-TB ever conducted. Currently operating in seven
countries, the trial had 126 participants on treatment and 312 additional participants in active follow up as
of March 31, 2020. Areas of particular concern during this global emergency include treatment continuity,
supply chain management and participant safety monitoring. This commentary highlights some of the
challenges faced due to the pandemic and the steps taken to protect the safety of trial participants and the
integrity of the trial.
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The COVID-19 pandemic has caused unforeseen and extreme changes in societal and health system
functioning not previously experienced in most countries in a lifetime [1]. The disruptions have been
dynamic-varying by time and geography-which adds to their unpredictable effect. The negative impact
of COVID-19 on tuberculosis (TB) programs has recently been reported with models predicting 126,100
excess TB deaths over the next five years for every one month of COVID-related lockdown [2]. Clinical
trial implementation is especially challenging in this pandemic environment, requiring sponsors to
adhere to trial protocols and regulatory requirements as closely as possible while ensuring the safety
of trial participants and staff.

Tuberculosis clinical trials carry inherent challenges at the best of times. Locations with the
highest tuberculosis burden often have less resilient regulatory infrastructure, complex operational
environments and more limited clinical trial experience [3]. During an unexpected and large-scale
disruption like COVID-19, the impact of these weaknesses becomes more magnified.

STREAM is the largest multi-country trial for multidrug-resistant tuberculosis (MDR-TB) ever
conducted. Conceived by the Union and global partners with initial funding from USAID, the trial
has recruited over 1000 patients to two distinct stages. Results from STREAM Stage 1 were published
in 2019 and 2020 [4,5], and recruitment was recently completed for the second stage in January, 2020.
As of March 31, 2020, 126 participants remain on MDR-TB treatment with 21 of those in the intensive
phase of treatment and 312 participants remain in active follow-up.

Stage 2 of STREAM is a registration trial [6], which adds complexity to implementation.
It incorporates central safety and microbiology testing, requiring regular export of biological samples.
In addition, a contract research organization (CRO) is employed to conduct onsite monitoring and
source data verification to ensure data quality.

The COVID-19 pandemic has had an important impact on the implementation of STREAM.
Key challenges faced by STREAM (and similar trials) together with the responses of the trial team to
date, are outlined in this commentary.

TMID 2020, 5, 86; doi:10.3390/tropicalmed5020086 www.mdpi.com/journal/tropicalmed233



TMID 2020, 5, 86

Early in the COVID-19 outbreak, working with our main implementing partner, Medical Research
Council Clinical Trials Unit at University College London, a STREAM-COVID-19 Task Force was
formed to identify and address the risks and challenges arising due to the pandemic. A continuity
plan was developed, and the task force met (and continues to meet) weekly to respond to the rapidly
changing circumstances.

Enhanced communication with trial sites was initiated to provide timely guidance to the sites,
and also ensure that the Task Force was aware of any pandemic-related issues faced by sites. Sites were
provided educational material on TB and COVID-19 and were requested to inform the central trial
team of any unforeseen challenges. Additional site resources were considered upon request, such as
office space away from health care facilities. Importantly, there were no reported shortages of personal
protective equipment (PPE). Sites have also been directed to maintain regular communication with all
trial participants. Participants are to be informed of potential changes to their follow-up schedules,
as well as other site-specific changes. Importantly all participants were reassured about their care
during the trial and instructed to raise any concerns with the trial team.

Areas requiring particular attention of the Task Force included:

1. Care and Treatment Continuity

While treatment continuity is a priority in most clinical trials, the urgency is heightened in
tuberculosis trials due to the nature of the disease. Treatment interruption is associated with poor
outcomes and development of further drug resistance [7]. The long treatment regimens required for
tuberculosis complicate efforts to prevent interruptions under normal conditions, let alone during
a pandemic. For the small number of participants still receiving an injectable agent, the potential
challenges are even greater in terms of travel required to receive their treatment.

Most STREAM trial sites are now under various levels of ‘stay at home’ orders which discourage
or prevent movement of participants to trial sites for follow-up visits, including collection of
medicine (Table 1). Even where country policies allow travel for medical reasons, this may require a
government-issued permit for internal movement and lack of available public transportation may still
prevent participants from attending clinics. Furthermore, limiting participant exposure to the health
system and potential coronavirus exposure is an important consideration.

Table 1. STREAM Stage 2 countries and current status of participants and restrictions on travel and
import/export.

Country
Participants on

Treatment
Participants in

Follow Up
Movement Restrictions
Preventing Clinic Visits

Restrictions on
Import/Export

Ethiopia Yes Yes No Yes

Georgia No Yes No No

India Yes Yes Yes Yes

Moldova Yes Yes No No

Mongolia Yes Yes No Yes

South Africa No Yes Yes Yes

Uganda Yes Yes Yes Yes

as of 15 April 2020.

These factors require clinical trial sponsors to balance the need for routine treatment management
against the possible negative impacts of participant travel to clinics. In the STREAM trial, arrangements
have been made for delivery of medicines to the homes of participants who consent and, where necessary,
nearby health centers have also been mobilized for administration of injectable agents. To prevent
risks to treatment continuity should circumstances further restrict clinic visits or delivery of supplies,
the amount of drug provided has been increased. To date, adequate supplies of medicines have
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been assured for all participants. Video communication has been introduced at most trial sites and
has proven feasible for most participants. This enhanced communication supports both treatment
adherence, as well as safety monitoring (as described below).

2. Supply Chain

Supply chain disruptions also pose a potentially significant challenge during a pandemic.
As borders close to travel, including, at times, cargo deliveries, replenishment of medicine stocks
can be disrupted. Even domestic travel disruption can threaten continuity of trial supplies where
a central depot is utilized in larger countries. The situation can be aggravated if expiration dates
of medicines are relatively short and/or by cumbersome importation requirements because frequent
replenishments are all the more challenging when timelines for importation are extended. Depending
on the duration of restrictions that prevent/extend timelines for importation of medicines, alternative
options for medicine procurement, including (where possible) local procurement and borrowing from
other local sources (e.g., the National Tuberculosis Program) must be explored.

Supply chain interruptions of laboratory and other supplies (e.g., materials for medicine
re-packaging and kits for central laboratory testing) may also occur but pose less serious risks
to the trial.

3. Participant Safety Monitoring (Including Export of Safety and Microbiology Samples)

Participant safety is always paramount. However, under current conditions, safety monitoring
may be interrupted. This is because the risk of exposure to coronavirus in transit to or at health
centers may outweigh the monitoring benefits of in-person clinic visits or because local restrictions
on movement may prevent participants from attending scheduled clinic visits, or both. Furthermore,
restrictions on the export of blood samples can make it necessary to conduct safety testing locally,
rather than at central laboratories, and some local laboratories may not have the capacity to conduct all
protocol safety assessments. Comprehensive review of local laboratory capacity has been limited by the
rapid timeline of transition from central to local laboratories. In most instances, sites have transitioned
to their own institution laboratories that routinely serve the tuberculosis programs. Accreditation has
been ensured for external private laboratories when utilized for trial samples. Export restrictions may
also interrupt transport of microbiology samples for central testing, but these do not carry immediate
risk, since microbiology for immediate participant management is already performed locally.

In the STREAM trial, sites are conducting frequent, remote monitoring by phone, including video
monitoring wherever possible. Where more intensive monitoring is required for participants identified
at greater risk, e.g., ECG monitoring for participants with a previously identified QT prolongation,
arrangements have been made to transport participants to the site for necessary assessments and
interventions to ensure safety, including local blood analysis. Sputum collection continues wherever
possible either during in-person clinic visits or through home collection during the treatment and
the immediate follow-up period, as these results may impact on optimal treatment management for
participants. Sputum collection in the later follow-up period is generally being rescheduled (provided
participants are well) to reduce COVID risks for participants and staff.

The trial continues to store blood and microbiology specimens for future export, provided storage
and stability requirements can be met.

Accurate diagnosis of TB patients with respiratory symptoms against the backdrop of other
respiratory illnesses, such as COVID-19, can present a clinical challenge. Fortunately, most participants
in STREAM have completed, or are approaching the end of, the intensive phase of treatment and
TB-related respiratory symptoms should be limited to the small number of participants experiencing
treatment failure. Participants presenting with respiratory symptoms will be assessed for both TB
for COVID-19 in accordance with local guidelines and testing capacity. Any suspected or confirmed
COVID-19 cases will be managed according to local guidelines and documented in a manner similar to
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other concurrent illnesses in the trial. Early reports of greater severity of COVID-19 illness amongst TB
patients [8] heighten the need to prevent exposure of trial participants to the greatest extent possible.

Additional challenges related to trial implementation include: ensuring sufficient human resources
at sites when local staff reassignment to COVID-related tasks is occurring and/or staff are personally
impacted by COVID-19, continuing to conduct source data verification (SDV) when on-site monitoring
by external partners cannot take place, and disruption of community engagement (CE) activities when
in-person meetings are not possible.

The experience of the STREAM trial against the backdrop of the pandemic highlights the
importance of contingency planning and risk mitigation both before and during unanticipated crises.
While some of the challenges highlighted are specific to clinical trial implementation, many issues and
potential solutions presented apply equally to operational research of MDR-TB regimens. Guidance
from regulatory agencies has been especially useful to clarify acceptable responses to the very real
challenges arising out of the pandemic [9,10]. Careful documentation of protocol deviations related to
the pandemic is essential and these deviations will be reported to local and global ethics committees,
as well as ultimately to regulatory authorities. The trial team will continue to closely monitor the status
of the pandemic across trial sites and adapt accordingly to ensure the integrity of the trial, as well as
the safety of all participants and site staff.
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Abstract: The mortality and severity in COVID-19 is increased in patients with comorbidities. The aim
of this study was to evaluate the severity and mortality in COVID-19 patients with underlying kidney
and liver diseases. We retrieved data on the clinical features and primary composite end point of
COVID-19 patients from Medline and Embase which had been released from inception by the April
16, 2020. The data on two comorbidities, liver diseases and chronic kidney disease, were pooled
and statistically analysed to explain the associated severity and mortality rate. One hundred and
forty-two abstracts were screened, and 41 full articles were then read. In total, 22 studies including
5595 COVID-19 patients were included in this study with case fatality rate of 16%. The prevalence of
liver diseases and chronic kidney disease (CKD) were 3% (95% CI; 2–3%) and 1% (95% CI; 1–2%),
respectively. In patients with COVID-19 and underlying liver diseases, 57.33% (43/75) of cases
were severe, with 17.65% mortality, while in CKD patients, 83.93% (47/56) of cases were severe and
53.33% (8/15) mortality was reported. This study found an increased risk of severity and mortality
in COVID-19 patients with liver diseases or CKD. This will lead to better clinical management and
inform the process of implementing more stringent preventative measures for this group of patients.

Keywords: COVID-19; SARS-CoV-2; hepatitis B and C; cirrhosis; chronic kidney disease;
alcohol-related liver disease; nonalcoholic steatohepatitis; necrosis

1. Introduction

The 2010 Global Burden of Disease reported that liver diseases were responsible for about 2 million
deaths annually, with 50% of these associated with complications due to liver cirrhosis and the other
half linked to hepatocellular carcinoma and viral hepatitis [1]. Cirrhosis is an end stage of chronic
liver disease often preceded by hepatocellular necrosis and progressive fibrosis triggered by various
agents including viral infections and chronic alcohol use [2]. Alcohol-related liver disease, nonalcoholic
steatohepatitis and hepatitis B and C have been reported to be the main aetiologies of liver cirrhosis,
with an up to 80% mortality rate recorded 1-year after decompensation [3,4]. Aside from mortality,
the economic impact of liver-associated morbidity is also high, with associated disease-adjusted life
years loss at over 41 million years globally. According to the World Health Organization (WHO) global
health estimate of 2015, chronic liver disease ranks as the 16th highest cause of morbidity globally [5,6].
Despite the availability of vaccines for hepatitis B and the advances in clinical understanding and the
management of chronic liver diseases, the global health burden of the disease increased between 1990
and 2017. This rise in health burden was attributed to ageing and an overall increase in the global
population [4].
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According to Kidney Disease Improving Global Outcome (KDIGO), chronic kidney disease (CKD)
is a dysfunction of the kidney characterised by established histological damage or a suboptimal
(<60 mL/min/1.73 m2) glomerular filtration rate (GFR) persisting for at least 3 months [7]. Although the
majority of CKD cases are linked to diabetes and hypertension [8], other risk factors, including
genetics [9], recreational drugs and alcohol consumption [10], obesity [11], gender [12,13], age [12],
lower birth weight [14], smoking status [15,16], ethnicity [17], family history of CKD [18] and acute
kidney injury, have been studied [19,20]. In 2017, the number of deaths associated with CKD or
CDK-related complications was estimated to be 1.2 million, accounting for 4.6% of global deaths [21].
Between 1990 and 2017, CKD rose as a cause of global mortality from the 17th to the 12th leading cause of
death, with a 46% increase in the total number of deaths caused directly or indirectly by cardiovascular
disease linked to kidney dysfunction [22]. While the relationship between COVID-19-induced acute
kidney injury has been investigated previously [23], to the best of our knowledge, no studies have
looked at the risk of COVID-19 in patients with all-form renal disease.

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a viral pathogen which
is responsible for the coronavirus disease 2019 (COVID-19) [24]. Symptoms of COVID-19 include
fever, fatigue, dry cough, dyspnoea and sore throat, with patients presenting with abnormal chest
CT (Computed Tomography) scans in the form of pulmonary ground glass opacity changes [25,26].
COVID-19 was first reported in December 2019, with its possible origin linked to the Wuhan seafood
market in China [27]. Since first being reported, SARS-CoV-2 has infected, as of 2nd of April, 2020,
896,450 people and caused 45,525 deaths worldwide, with these numbers rising daily [28]. So far,
the risk factors associated with poor clinical outcomes (death or admission to an intensive care unit
(ICU)) have been reported to be old age and several comorbidities associated with compromised
immune system to help the patient fight the infection. The most common of these comorbidities are
hypertension, diabetes, cardiovascular diseases and malignancies. These comorbidities, individually
or in combination with age, were reported to be linked with poor prognoses [29]. Several studies
have looked at the risk posed to patients with various chronic diseases by COVID-19. For instance,
Alqahtani et al. 2020 looked at the risk of smoking status and chronic obstructive pulmonary disease
(COPD) in COVID-19 patients, establishing an increased risk of death or admission to ICU for patients
with COPD or smoking history infected with SARS-CoV-2 [30].

While COVID-19-induced liver and kidney injuries have been documented, to the best of our
knowledge, there has been no report on the risk posed by COVID-19 infection in patients with a history
of liver or renal disease. Understanding the risk to this subpopulation of patients will facilitate effective
prevention decisions and clinical management. We aim here to understand the risks by looking at
reported cases since the outbreak of COVID-19.

2. Methods

Preferred Reporting in Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed
during the drafting of this review. We searched Medline and Embase from November 2019 to 10 April
2020 and later, on the 14 April 2020, an updated search was performed. The search strategy was
designed to include all papers on COVID-19 published from 21 November 2019, when the first case of
the disease was reported, up to right before this review was submitted (Table A1 in Appendix A).

2.1. Inclusion and Exclusion Criteria

Studies considered were those reporting the clinical characteristics of diagnosed COVID-19
patients with underlying kidney and/or liver diseases. To be eligible, studies had to also report
clinical outcome in the form of disease severity (defined as admission to ICU or need for a respirator
or intubation) as well as death. Excluded studies were those including COVID-19 patient clinical
features but not liver or kidney diseases comorbidity, SARS (Severe Acute Respiratory Syndrome),
MERS (Middle East Respiratory Syndrome) and other coronavirus infections, non-English manuscripts,
reviews, qualitative studies, editorials and letters of correspondence.
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2.2. Data Collection

Potential studies were initially screened by two of the authors (T.O. and J.A.), who scrutinised
the title and abstract and came to a final decision on whether each study should be included.
Included studies were then fully read by the authors to identify which of the included studies satisfied
the inclusion criteria stated above. The references of the finally selected studies were then screened for
other eligible studies. A third author was consulted throughout the selection period to resolve conflicts
between the two authors. Selected reports were uploaded to Endnote, and duplicates were removed.
The duplicate-free studies were uploaded to the Rayyan review software for screening based on title,
abstract and then full text by two independent reviewers.

2.3. Quality Assessment

The quality of the included studies was independently assessed by two authors using a modified
version of the Newcastle-Ottawa Scale (NOS) [31]. Accordingly, the modified NOS included three
domains and six questions scored with a star if satisfied and no star if otherwise. The domains
covered assessments of the quality of “Selection”, “Ascertainment” and “Outcome”. The “Selection”
domain describes the adequacy of the sample sizes and representativeness of the study population.
A sample size of ≥29 patients was considered adequate, as it represents the lower range of the included
studies where clinical characteristics and outcomes were adequately presented. Studies including
multiple centres were given an extra point. The “Ascertainment” domain evaluated the adequacy of
the confirmatory test and mode of recording comorbidity. The use of polymerase chain reaction (PCR)
tests for diagnosis, as recommended by the WHO [32], was scored, as well as the use of electronic
medical records (EMRs) to confirm comorbidities. Verbal confirmation of comorbidities was considered
inadequate. The “Outcome” domain scored the adequacy of how outcomes were reported and the
follow-up period. Outcomes reported by qualified clinical staff and a follow-up of at least two weeks,
as recommended by the European Centre for Disease Prevention and Control (ECDC), were scored
(Table A1).

2.4. Data Extraction and Analysis

All analyses were performed using the Stata/SE15 software. The pooled prevalence of patients
with CKD and liver diseases was analysed using the Metaprop procedure in Stata. Fixed and random
effect models were used depending on the level of heterogeneity observed between the included
studies. Forest plots were generated presenting the effect sizes (95% CI), percentage weights and
the between-studies heterogeneity (I2 Statistic, p-value, Figures 1 and 2). The prevalence and clinical
outcomes of COVID-19 patients with CKD and liver diseases were synthesised from all included
studies. Primary composite end points were disease severity and mortality. Disease severity was
defined as extended hospital stay, admission to ICU or need for mechanical ventilation.
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Figure 1. Risk of COVID-19 in patients with chronic liver and kidney diseases: a systematic review
according to the Preferred Reporting Items for Systematic Reviews and Metanalyses diagram.

Figure 2. Pooled prevalence of patients with chronic renal diseases diagnosed with COVID-19.
The red dotted line represents the overall effect size of the studies (0.01). The lateral edges of the
blue diamond represent the limits of the 95% confidence intervals (0.01, 0.02). ES = Effect Size,
NOS = Newcastle-Ottawa Score.
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3. Results

The initial database search generated 142 papers, from which 26 duplicates were removed.
After the title and abstract were screened, 75 papers were excluded and 41 included based on the
inclusion criteria. After the full-text reviews, another 22 studies were excluded, resulting in 19 studies
with the desired criteria. All the references of the 19 included studies were then screened for studies
relevant to the review; three more studies were included from the references, making a total of 22 studies
(Figure 1). The modified NOS assessment performed showed a low risk of bias in the included studies
(Table A1).

3.1. Description of Included Studies

The total number of confirmed COVID-19 cases included in this study was 5595, of which 2045
(36.55%) were female. Where reported, 147/5305 (2.77%) and 83/5038 (1.65%) had comorbidities of liver
diseases and CKD respectively. The mean ±SD (range) of the sample sizes of all included studies was
254.32 ± 385.76 (29–1591). One of the studies was conducted in Italy and the rest in China. Fifteen of
the 22 studies, comprising 4367 patients, reported mortality. Where reported, the mortality was
710/4367 (16.26%) in this review. The mean (±SD) follow-up time was 30.55 ± 13.24 days. The clinical
characteristics of the liver diseases and CKD, including the stages and aetiology, were not provided in
all the studies (Table 1).

3.2. Prevalence of Renal Diseases in Confirmed COVID-19 Cases

The prevalence of CKDs in patients diagnosed with COVID-19 was 1% (95% CI; 1–2%). A random
effect model was initially used to pool the studies. However, this was changed to the fixed effect
model because of the observed low level of between-studies heterogeneity (I2 = 27.60%, p = 0.15;
Data not shown).

3.3. Disease Outcome for Renal Diseases Patients with COVID-19

In all, 5 studies including 3123 COVID-19 patients, 56 of which had CKD, reported severity.
Where reported, the severity of COVID-19 was 83.93% (47/56) in patients with underlying CKD.
Only 3 studies, including 15 COVID-19 patients with CKD, reported mortality. The mortality in patients
with CKD diagnosed with COVID-19 was 53.33% (8/15) (Table 1).

3.4. Prevalence of Liver Diseases in Confirmed COVID-19 Cases

The prevalence of liver diseases in patients diagnosed with COVID-19 is 3% (95% CI; 2–3%).
A random effect model was used for pooling the studies because of the observed low level of
between-studies heterogeneity (I2 = 46.62%, p = 0.01) (Figure 3).
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Figure 3. Pooled prevalence of patients with liver diseases (Chronic Liver Diseases, Hepatitis B/C
infections) diagnosed with COVID-19. The red dotted line represents the overall effect size of the studies
(0.03). The edges of the blue diamond represent 95% confidence intervals (0.02, 0.03). ES = Effect Size,
NOS = Newcastle-Ottawa Score.

4. Discussion

We report here, for the first time, the prevalence, severity and mortality of patients diagnosed
with COVID-19 with underlying chronic kidney disease and liver diseases. Our outcomes show that
the overall prevalence of CKD and Liver Diseases in COVID-19 are 1% and 3% respectively. We also
report a COVID-19 severity of 83.93% (47/56) in patients with CKD and 57.33% (43/75) in patients with
liver diseases. The rate of mortality in COVID-19 patients with CKD and Liver diseases was found to
be 53.33% (8/15) and 17.65% (6/34) respectively.

The presence of comorbidities is associated with poor prognoses in patients with COVID-19,
with higher mortality rates and severity. The most common comorbidities reported so far in severe cases
have been hypertension, diabetes, cardiovascular diseases, cerebrovascular diseases and COPD [29].
However, how these diseases contribute to the COVID-19 outcome remains unclear.

Biomarkers of liver injuries have been reported to increase in patients with COVID-19 [25,35,45],
although, no virus was found in the liver tissue of patients who died from the disease [54]. This is to
be expected, as angiotensin II-converting enzyme (ACE2) receptor, a key player in the “docking” and
replication of the SARS-CoV-2 virus, is not expressed in hepatocytes. However, ACE2 expression has
been reported in cholangiocytes [55], leading to the suggestion that the binding of SARS-CoV-2 to the
epithelial cells of the biliary tree may cause biliary dysfunction [56]. Zhang et al. also suggested that the
transient liver injuries observed in COVID-19 patients may be associated with drug toxicity, cytokine
storm or hypoxia [56]. While many studies have reported liver dysfunction in COVID-19 [25,35,45],
the mechanistic link between the two remains to be established.

Furthermore, CKD have been associated with inflammation and dysregulation of the immune
system [57]. This dysregulation of immune function, which may exist in patients with underlying
CKD, may explain the increased severity and mortality due to COVID-19. The levels of ACE2 receptor
in the kidney have been previously reported to be altered in patients with human kidney diseases [58].
In a recent study by Fan et al., it was reported that ACE2 receptor is overexpressed in the tubular cells
of patients with CKD. Alteration in kidney functions, characterised by increased serum creatinine and
urea nitrogen, was also reported in patients with COVID-19 [59]. Taken together, the alterations in
ACE2 receptor expression may explain the observed kidney dysfunction in COVID-19 and provide the
answer to why patients with CKD are vulnerable to the SARS-CoV-2 virus.
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This study is limited by several factors. Firstly, some included studies did not report comorbidities.
Where comorbidities were specified, the criteria for defining severity were not uniform. Some studies
included only patients with primary composite outcomes, while some did not report mortality. Lastly,
the aetiology and pathophysiological characteristics of the comorbidities were not documented.

Indeed, this review involved an in-depth literature search followed by a systematic analysis
of data involving a total of 5595 patients with confirmed COVID-19. For the first time, we have
established the potential risk of COVID-19 in liver disease and CKD patients, which indicates an
increased vulnerability of this subpopulation.

The most important clinical implication of this study is that Liver disease and CKD patients are
potentially highly vulnerable to COVID-19 and should be considered for remote consultation and
the most stringent social isolation to prevent infection. Future studies should investigate how liver
diseases and CKD contribute to poor prognoses in COVID-19.

5. Conclusions

We report a potential increased risk of severity and mortality in COVID-19 patients with liver
diseases and CKD. This study will facilitate better clinical management and inform the process of
implementing more stringent preventative measures for this group of patients.
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Figure A2. Embase Search Strategy.
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