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SUMMARY

Background

Scrub typhus is a zoonotic infectious disease caused by obligate intracellular bacteria
Orientia spp, transmitted to humans by the bites of infected larval-stage trombiculid mites,
which are found mainly on rodents of forests and rice fields across the Asia-Pacific region.
Scrub typhus is a severe public health problem, with one billion people at risk globally,
causes illness in an estimated one million people every year, and became a leading cause
of treatable non-malarial febrile illness. Case fatality reports vary widely around a median
mortality of 6.0% (range 0-70%) for untreated and 1.4% (range 0-33%) for treated scrub
typhus patients.

In Vietnam, after 40 years of neglect, scrub typhus (ST) is re-emerging as evidenced by
expanding geographical distribution and increase in new cases. Unfortunately, both the
clinical and laboratory diagnoses of ST remain challenging, even at the national hospital.
Due to late diagnosis and late treatment effects, a severe case complication rate of 17%
and a mortality rate of 1.2% among 251 infected and diagnosed patients was reported at
the national hospital in 2003. Epidemiological and ecological information on scrub typhus is
very scant in Vietnam, and there is no updated evidence on practical preventive measures
and fostered case-detection.

Dengue fever (DF) has made a substantial impact over the two past decades in Vietnam
and is unequivocally the leading cause of febrile illness throughout the country. Dengue
incidence per 100,000 population has steadily increased from 32.5 in the year 2000 (24,434
cases) to 149.9 in 2018 (141,927 cases), at the third rank among the 28 most common
communicable diseases. Because of non-specific symptoms such as high fever, headache,
skin rash or myalgia are common to both ST and DF, differential diagnosis is required to
decide on the treatment strategies.

The overall aim of the present PhD research was to contribute to a better understanding
and improving case detection and practical prevention of scrub typhus in Vietnam.
Specifically, the work aimed to i) differentiate scrub typhus from dengue fever using
admission clinical manifestations and routine blood tests; ii) investigate behavioural and
environmental related risk factors of scrub typhus; iii) evaluate temporal dynamics of DNA
and serology-based assays and its efficacy in early diagnosis of scrub typhus in Vietnam.
Methods

First, a study including 221 and 387 confirmed acute cases of ST and DF, respectively, and
use of multivariable logistic regression and classification and regression trees (CART),
identified clinical and laboratory parameters differentiating ST from DF. Then in 2018/2020,

a clinical hospital-based active surveillance study, and a retrospective residence-enrolment



date-age-matched case-control study were conducted to investigate the risk factors of ST
in Khanh Hoa, Vietnam. Finally, were used data of two hospital active surveillances of
suspected ST patients that were done in Khanh Hoa in the periods of 2013-2014 and 2018-
2020. The PCR, IgM ELISA, IgM rapid test (RDT) results and days of fever on admission of
these patients were used to evaluate temporal dynamics of DNA and serology-based
assays and their efficacies in early diagnosis of scrub typhus in Vietham.

Results

The main variables to distinguish scrub typhus from dengue included i) the eschar; ii)
regional lymphadenopathy; iii) an occupation in nature; iv) increased days of fever on
admission; v) increased neutrophil count; vi) decreased ratio of neutrophils/lymphocytes;
vii) increased platelet count; and viii) the higher age of patients. Sensitivity and specificity
of predictions for scrub typhus based on these seven factors reached 93.7% and 99.5%,
respectively, in multi. When excluding the “eschar” variable, the values dropped to 76.3%
and 92.3%, respectively. Using the CART model, the corresponding values for the
alternative decision tree model were 95.0% and 96.9% when including the variable “eschar”
and 77.4% and 90.7% without eschar.

Several factors were significantly associated with acquisition of scrub typhus, including
sitting/laying directly on the household floor (adjusted OR=4.9, 95%CI:1.6-15.1), household
with poor sanitation/conditions (aOR=7.9, 95%CI:1.9-32.9), workplace environment with
risk (aOR=3.0, 95%CI:1.2-7.6), observation of mice around the home always (aOR=3.7,
95%Cl:1.4-9.9), and use of personal protective equipment in the field (aOR=0.4,
95%Cl:0.1-1.1).

PCR buffy coat performed best from day 1 to day 6, compared to ELISA and RDT, with an
overall positivity rate of 73% during this early phase. ELISA IgM and RDTs performed better
after day 7 of fever, with positivity rates of 90% and 81%, respectively, in the later phase —
but contributed to diagnosis from day 3 of fever. The combination of PCR buffy coat with an
RDT detected 93% to 100% of all positive cases during the first 14 days of fever.
Conclusions

This work provides evidence for better understanding on fostered case-detection and
practical preventive measures of scrub typhus in Vietham. A combined package with clinical
training, risk factors training, and RDTs should be implemented at primary health care level
to promote accurate diagnostic for scrub typhus in the hotspot area. The findings from this
study are useful for training courses at the community level, support the establishment of
preventive measures, create better awareness among the public and inform regional
surveillance, and promote much-needed effective public health responses against scrub

typhus - this after many decades of neglect in Vietnam.



CHAPTER 1. INTRODUCTION
1.1 GENERAL RESEARCH AIMS OF THIS PhD

Research objectives

The overall goal of this PhD is to contribute to a better understanding and improving case

detection and practical prevention of scrub typhus in Viet Nam,

To the specific objectives were:

1) To differentiate scrub typhus from dengue fever using admission clinical manifestations
and routine blood tests

2) To investigate behavioural and environmental risk factors of scrub typhus

3) To evaluate temporal dynamics of DNA and serology based assays and its efficacy in

early diagnosis of scrub typhus in Vietnam
1.2 SCRUB TYPHUS INTRODUCTION

Scrub typhus is a chigger-borne zoonosis. The disease is also known as Japanese river
fever, or “tsutsugamushi fever”, described in Japanese folklore, was associated with the
jungle mite or chigger, therefore it was named ‘dangerous bug’ (tsutsuga=dangerous, and
mushi=bug) [1]. The term “tsutsugamushi disease” was first mentioned in 1810 to describe
mite-associated fevers in Niigata prefecture in Japan [1]. Orientia tsutsugamushi is the
causative organism of scrub typhus and has its natural reservoir mainly in infected chiggers
and possibly to a much lesser extent in rodents (“chiggers” are the larvae of the mites of
the genus Leptotrombidium, a genus of the family Trombiculidae) [2]. Based on the current
genetic classification evidence, the genus Orientia is considered as a single genus, out-
group with genetic groups of Rickettsia in the family Rickettsiaceae [3]. The genus Orientia
comprises the species, Orientia tsutsugamushi and Orientia chuto (firstly originated from
Dubai, UEA in 2010) [4], which both cause scrub typhus in humans.

1.3 THE SITUATION IN VIETNAM

1.3.1 History of Fever of unknown origin/undifferentiated fever during the

Vietnam war

The earliest reports of scrub typhus cases in Vietnam, referred to as “unknown etiology
fever” (i.e.pseudo-typhus), were on two individuals in Saigon in 1915. The disease (pseudo
typhoid) was similar to that described in Deli, Sumatra, that was later determined to be scrub
typhus [5]. In the 1960s and 1970s, most of the patients recorded were military personnel,
especially American servicemen in South Vietnam [6]. In fact, scrub typhus was reported

as a leading cause of fevers of unknown origin (FUO) among US troops in Vietnam from



1960s to 1970s [7]. The first case observed in American personnel was in 1962 [8]. Between
1967 and 1970, about 225,000 man-days per year were lost to FUOs, whereas ~200,000
were lost to malaria [9]. In 1969, scrub typhus was reported as the primary cause of FUOs
(18%), followed by amebiasis (17%) and murine typhus (15%). Specifically, 2000 cases of
scrub typhus were estimated in that year [8]. In 1972, it was reported that 20%—-30% of the
FUOs were scrub typhus (when malaria and other identifiable diseases were excluded) [10].

In fact, no American death due to scrub typhus was reported during the Vietnam conflict [3].
1.3.2 Epidemiology of scrub typhus and dengue in Vietham

1.3.2.1 Scrub typhus

1.3.2.1.1 Incidence among suspected cases and seroprevalence

The disease had been neglected in Vietnam until the end of the 20" century and the
beginning of 21st century, resulting in a gap in publications till then. Differing from past
studies, studies and case reports of scrub typhus since 2000s in Vietham have confirmed
the re-emerging presence of scrub typhus in 32 among 63 provinces throughout Vietnam,
with main foci in the northern part of the country [11-14]. Up to present, scrub typhus has
also been confirmed as one of the most acute undifferentiated fever (AUF) in Vietnam. A
few recent studies of scrub typhus in the national hospitals in 2002 and 2012 in North
Vietnam demonstrated that the seroprevalence of scrub typhus was about 1.1% (10/908)
among the general population and its cumulative incidence were about 3.5% (251/7226)
among total admission to the hospitals (2002) [15, 16]. A proportion of 40.9% (237/579) of
patients was confirmed with scrub typhus among patients with suspected rickettsial
infection, after excluding patients with malaria, dengue fever, and typhoid fever in the
national hospitals during the 2001-2002 period [17]. The scrub typhus incidence was 2.9%
(33/1127) among the enrolled patients reported in national hospital in 2012 [18]. The
incidence of scrub typhus among the patients with acute undifferentiated fever and clinically
suspected rickettsiosis were 34.1% (103/302) in the national hospitals and 32/66 (48%) in
some hospitals in Hanoi city, during the 2015-2017 period [19].

Studies have confirmed the occurrence of scrub typhus in the central part of Vietnam. Scrub
typhus confirmed by PCR among fever patients with negative malaria or dengue fever
results was 47.9% in Khanh Hoa, 23.0% and 8.7% in Quang Ngai and Quang Nam,
respectively (2010) [20]. The detection in Khanh Hoa in 2013-2014 was 62,6% (200/321)
[21]. This illness contributed for more than half of the cases (21/41 patients; 51.2%) among
the rickettsial agents detected in AUFs in Quang Nam hospital (2016) [22].

It is reported that the peak season for the incidence of scrub typhus is summer although

there are cases all the year round. In the south of Vietnam, the transmission pattern of scrub



typhus seems to be different as it is more obvious in a temperate climate [16]. There was
no significant difference between urban and rural areas [15].

1.3.2.1.2 Complications

The proportion of complications among cases was about 16% at both provincial and
national levels. Complications are related to a delay in presentation at hospital. There were
15/88 patients (17%) who had one of 4 life-threatening complications (including respiratory
failure, septic shock, encephalitis-meningitis and acute kidney damage) in Hanoi [23].
Complications included altered mental status (45/251; 17.9%), jaundice or hyper
bilirubinaemia in (42/251; 16.7%) and pulmonary pathology in 39/251 (15.5%), among scrub
typhus patients who hospitalised the Bach Mai national hospital in Hanoi from 2002 to 2003.
The median time from symptom onset to treatment was 10 days (interquartile range 8-12)
[16].

1.3.2.1.3 Case-fatality

Case-fatality rates ranged from 0.4%-6% among treated scrub typhus patients in Vietnam
hospitals [16, 17, 23]. Most fatal cases presented to the hospital 10 days after the symptom
onset and had acute respiratory distress syndrome [17] or, in older individuals, multi organ
failure [16].

1.3.2.2 Dengue

Dengue has made a substantial impact in Vietnam over the two past decades and has
unequivocally been the leading cause of febrile illness throughout the country [24-27].
Dengue morbidity per 100,000 population increased from 32.5 in the 2000s (24,434 cases)
t0 120.0in 2009 (105,370 cases), to 78.0in 2011 (69,680 cases) [28], and to 149.9 (141,927
cases). At national level it ranked third among the 28 most common communicable diseases
in 2018 [29]. Provinces in the southern and central parts of the country had higher reported
incidences compared to those from northern regions [24, 25]. The rate of mortality was appr.
0.1% during the 2007-2016 period [26]. Dengue has been extensively studied and its
economical impact has been assessed. Recent studies have estimated that it is responsible
for 39,884 disability-adjusted life years (DALYs) annually, leading to an economic burden
of US$ 94.87 million per year (2016) [26].

1.3.3 Challenges in the management of scrub typhus and dengue in Vietnam

1.3.3.1 Diagnostic challenges

Capacity of diagnosis (rapid and confirmed) tests for scrub typhus at the provincial and
district hospitals in Vietnam is limited. The standard confirmation tests for scrub typhus
antigen is polymerase chain reaction (PCR). For serologic diagnosis of scrub typhus, it is

the indirect immunofluorescence assay (IFA). Both PCR and IFA are expensive and require



considerable staff training and more sophisticated laboratory equipment. In Viet Nam, only
PCR is available and only performs at central microbiology laboratories, but not in provincial
or district hospital facilities. Early diagnosis is rarely achieved using serology alone [30]. All
above causes delay the diagnosis of scrub typhus in the vast majority of clinics and hospitals
in Viet Nam, leading to a mortality rate of estimated 1.2% among infected and diagnosed
patients in central hospital of Viet Nam [16]. This is not only true for Viet Nam, but is a global
phenomenon, particularly in low and middle income countries, due to limited laboratory
diagnostic facilities.

According to the literature above, scrub typhus impacts become more serious in the context
of Vietnam, which is a dengue hyper-endemic country but with limited dengue tests at
primary health care lever [31, 32]. Because non-specific symptoms such as high fever,
headache, skin rash or myalgia are common to both scrub typhus and dengue fever, these
two acute febrile illnesses may mimic each other [33-36]. However, they require different
treatment strategies. In the dual hotspot regions of scrub typhus and dengue fever, it is

likely that this leads to misdiagnosis and inappropriate treatment.
1.3.3.2 Prevention and control

Scrub typhus is not transmitted directly from person to person; it is only transmitted by the
bites of vectors. Therefore, at the community, the living environments, individual
behaviours, agricultural activities and protective measures during outdoor activities are
important factors to acquire the disease in communities in disease-endemic areas of several
countries [37-39]. However, up to date, ecological and behavioural risk factor information
on scrub typhus is very scant in Vietnam, and no updated evidence on practical preventive
measures and fostered case-detection exist.

Given that little attention has been given to risk factors of scrub typhus, no national
prevention and control strategy is available in Vietham, which may have contributed to its

emergence in newly identified foci and outbreaks.

1.4 SCRUB TYPHUS - Orientia tsutsugamushi

1.4.1 Global epidemiology

1.4.1.1 Incidence
1.4.1.1.1 Epidemiology inside the “tsutsugamushi triangle”

According to the literature, the majority of scrub typhus cases were found in the
“tsutsugamushi triangle” in the Asia-Pacific region [40] (Figure 1.1. Global distribution of
Orientia species in & outside tsutsugamushi triangle [40]). Some cases were reported in the

neighbouring areas to the Asia Pacific, which were the Central Asia and the Middle East



[41]. Countries like China, Japan, South Korea, Thailand, Nepal and Taiwan have listed

scrub typhus as a nationally notifiable disease [42-44].
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Figure 1.1. Global distribution of Orientia species in & outside tsutsugamushi triangle [40]

During the periods of 1952—-1989 and 2006—2016, data collected in China showed that
nearly 134,000 scrub typhus cases were reported [42]. For a decade of the 2006-2016
period, the country recorded 93,481 scrub typhus cases in 2527 hospitals, of which the

proportion of confirmed cases was 4.7% among the suspected cases [43].

In contrast, Japan annually recorded a stable number of notified scrub typhus cases
(median: 429, range: 320-505), with only little more than 4,000 cases of scrub typhus being
notified during the period of 2007 to 2016 [44].

In South Korea, during 11 years, the annual lowest incidence of scrub typhus cases
increased by three fold, i.e. from 5.7 to 17.7/100,000. It is also noted that the number of
patients recorded in cities has expanded drastically. For instance, the annual lowest
incidence in Ulsan Metropolitan City (South Korea) evolved from a mere 2.8/100,000 in
2003 to 59.7/100,000 in 2013 [41]. Further analysis discovered that outdoor activities in
metropolitan areas were the most common risk factor [45, 46].

In India in 1917, the disease was treated as a typhus-like fever, and was endemic in many

places in the country [47-49]. During World War Il and the 1965 Indo-Pakistani war, it was



a major cause of fever in the army. Then, in 1990, scrub typhus re-emerged at the Pakistan
border of India. Later, the national disease incidence declined, which was probably due to
the extensive use of insecticides, empiric treatments of febrile illness and lifestyle changes.
Despite these efforts, the disease is still under-diagnosed in India [6]. In 2014, only 66 out
of 290 cases (22.8%) admitted to the hospital with acute undifferentiated fever (AUF) were
diagnosed with scrub typhus in the Hadoti region of Rajasthan [50]. In Eastern India in 2017,
scrub typhus was the most common cause of AUF (26.3%, 114/432), followed by dengue
(19.2%, 83/432) [51].

In Thailand, the first case of human scrub typhus was in the central region in 1952. Within
two years, scientists isolated the causative pathogen from rodents in the same geographic
location. From 1980s to 2000s, an increase in the public awareness of scrub typhus and
the invention of effective diagnostic tools partially led to a marked increase in the number
of confirmed cases in the country [6]. The Bureau of Epidemiology noted a threefold
increase in the annual incidence, i.e. from 6.0/100,000 in 2003 to 17.1/100,000 in 2013 [52].

In Central Nepal 2017 and 2018, 22.58% (358 patients attending different hospitals) were
positive for IgM Antibodies to Orientia tsutsugamushi among patients with acute febrile

illness suspected of scrub typhus infection [53].

In Taiwan, in the period of 2000 to 2004, 28.9% patients were confirmed by serological tests
after the provisional diagnosis by clinicians. Cases found were not evenly distributed over
the counties [54]. From 2004-2007, 10.2% (23/226) of cases were serologically confirmed

as scrub typhus among those suspected of Q fever, scrub typhus, or murine typhus [55].

Aside from the above listed countries, some other countries in the tsutsugamushi triangle
reported scrub typhus cases. In particular, the disease has been found on the islands of the
southwest Pacific (Indonesia and the Philippines), South Asia (Sri Lanka) [56], and the
continent of Australia [6].

1.4.1.1.2 Epidemiology outside the “tsutsugamushi triangle”

Nevertheless, scrub typhus does not limit itself within the traditional “tsutsugamushi triangle”
in the Asia-Pacific area. Cases are sporadically reported from other countries such as the
United Arab Emirates (UAE), Cameroon, Kenya, Congo, Djibouti, Tanzania in Africa, and
Peru, Chile in South America [6, 40]. In 2015, Cosson and colleagues discovered the

Orientia spp. DNA in rodent tissues in West Africa and in Europe [57].



1.4.1.2 Prevalence

Scrub typhus seroprevalences are available from Bangladesh, Indonesia, Laos, Malaysia,
Papua New Guinea and Sri Lanka. The seropositivity ranging between 9.3% and 27.9%
showed a high exposure level to O. tsutsugamushi in these countries [41]. Studies in Nepal
showed that the seroprevalence of scrub typhus rose from 3.2% in 2001 to 52.4% in 2015
[58]. In Thailand, national sero-epidemiological studies also found a high prevalence of
scrub typhus. In particular, the seroprevalences in Thailand varied widely from 13% - 31%

in the suburban Bangkok to 59% - 77% in the northern and north-eastern regions [59].
1.4.1.3 Complications

Despite reported high prevalence of scrub typhus in many countries, its complications such
as acute respiratory distress syndrome (ARDS), acute renal failure, ascites, pleural effusion,
multiple organ failure, and encephalopathy have not been further studied in-depth. After an
outbreak in Puducherry and Tamil Nadu (India) in 2013, people found that most
complications included hepatic impairment (14.3%), meningeal involvement (9.6%),
congestive cardiac failure and ARDS (4.8%) [49]. During the study period in 2014, 46 of
290 patients admitted with AUF developed respiratory dysfunction, including ARDS
(73.9%), pleural effusion (65.2%) and pulmonary infiltrates (26.1%) [50]. Another study in
Uttarakhand, India, in 2015 found that major complications were meningitis/

meningoencephalitis (12.5%), multiple organ failure and pneumonia (5.3 %) [47].
1.4.1.4 Case fatalities

Mortality rate of scrub typhus varies widely as countries with good healthcare systems have
lower mortality rates in comparison with countries of limited access to healthcare. The case-
fatality rate of 1.7% (14 deaths) was reported among a total of 831 cases reported from 47
districts out of 75 districts of Nepal in 2016 [60]. A review of showed that an estimated
mortality of scrub typhus infection - if left untreated - was 6% (median, range 0-70%) [61].
On the other hand, the review of 39 studies and 91,692 patients found a median mortality
of treated scrub typhus to be only 1.4% (range 0-33.3%) [41].

1.4.2 Transmission of scrub typhus

Scrub typhus is a zoonotic infectious disease caused by Orientia tsutsugamushi spp.
bacteria. Human beings can be exposed to these bacteria through bites of infected
Trombiculidae mites, which are found mainly in rodents in forests and rice fields across Asia
Pacific regions. The mites are both vector and reservoir of Orientia tsutsughamusi spp. In

Southeast Asia, Leptotrombidium deliense spp. mites and Ascoschoengastia indica spp.



mites (species of Trombiculidae mite family) are the key transmitters of Orientia
tsutsughamusi spp in both indoor and outdoor settings [62, 63]. O. tsutsugamushi spp is
maintained in the mites through transovarial and transstadial transmission during the mite
metamorphosis life-cycle. Transmission of O. tsutsugamushi spp via the ovum is known as
transovarial transmission and and through the various stages of the life-cycle as transstadial
transmission. After being fertilized, infected female mites lay eggs for 3 weeks. For 5-7
days later, a infected 6-legged larva (chigger) emerges from the egg, and after 2 days,
infected chiggers may start to display host-seeking behaviour by forming clusters on leaves,
grasses and twigs above the soil surface. The chiggers can survive in outdoor environments
for months without a vertebrate host. Trombiculidae mites have a large variety of hosts,
including small mammals (rodents and shrews), birds, and larger mammals including
humans (Figure 1.2. Chigger and scrub typhus life-cycle [64]). However, only monkeys,

gerbils, hamsters and humans are thought to suffer clinically with scrub typhus [62-64].
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Figure 1.2. Chigger and scrub typhus life-cycle [64]
1.4.3 Risk factors of scrub typhus

Determinants of disease transmission of scrub typhus include i) socio-economic status, ii)
behaviours related to use and contact to land/sand/soil, grass, bushes and their PPE, iii)

species’ habitat connections, vi) land use, and v) vector contact.
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1.4.3.1 Socioeconomic status and occupation

In addition to the outdoor activity in urban areas, other common risk factors of contracting
scrub typhus are socioeconomic status and occupation. Surveillance data in China, Japan,
Korea and Taiwan suggested that the elderly population (60-69 years old) was at highest
risk of scrub typhus, whereas in Thailand the younger group (45-54 years old) were the
most commonly infected. In Japan and Thailand males were at higher risk of contracting
the disease [41], whereas in were women in the other countries. Regarding occupation,
South Korean, Chinese, Taiwanese and Thai farmers were at highest risk of having scrub
typhus [41]. Interestingly, metropolitan residents in South Korea were found to have the
highest risk. In 2009, the incidence of scrub typhus cases in the city dwellers increased from
20% (388 cases) in 2002 to 26.9% (1,345 cases) in 2009, whilst the one in farmers declined
from 43.3% to 25%. Further analysis confirmed the finding that outdoor activity in
metropolitan regions is the most common [46, 65]. Such variation in social risk factors is
possibly owing to the difference in the nature of occupation, working behaviour in farms,
genders, and age groups in the countries. Regarding education level, most scrub typhus
patients in India are uneducated and live in rural areas [41].

1.4.3.2 Human behaviors
1.4.3.2.1 Work activities in the field and around the house

The literature review results showed that working in vegetable fields, hilly areas, harvesting
in autumn were typically associated with scrub typhus infection [66-68]. In a case-control
study in India, cases were more likely to be agricultural labourers (adjusted odds ratio (aOR)
=1.8, 95% confidence interval (Cl):1.0-3.2) [39]. Engaged in forest activities included visit
of individual to forest for reasons like wood cutting, animal grazing (OR=4.2, 95% ClI: 1.0-
18.0) [69], working as labourers in vegetable fields (aOR =1.8, 95% Cl=1.1-2.9) [70] were
confirmed as risk factors of the illness. Work activities around the house such as cooking
outside the house were also positively associated with scrub typhus infection (OR=5.6, 95%
Cl: 1.5-23.0) [71].

1.4.3.2.2 Personal Protective Equipment (PPE) and Hygiene

Personal Protective Equipment (PPE) and hygiene measures are considered to be useful
in protecting people from bites of infected mites in the environment. Using PPE,
bathing/changing clothes after work or changing clothes to sleep were protective factors in
different studies. Wearing long-sleeved clothing when outside decreased the risk of scrub
typhus in China, with aOR=0.3; 95% CI: 0.1-0.7 [72]. Changing clothes to sleep was also

11



protective against the illness in India, with OR=0.2 (95%CI: 0.1-0.5) [73]. The association
between changing clothes to sleep and decreased odds of disease was stronger among
those earning more than Rs1500 (US$30) (OR=0.05; 95% CI: 0.01-0.3) than among others
(OR=0.4; 95% CI: 0.1-1.2). Washing/bathing after daily work also protected people from
scrub typhus (analyses with hospital controls: aOR=0.3 (95%CI: 0.1-0.8), compared to
community controls: aOR=0.4, 95%CI: 0.1-0.9). Not changing clothes to sleep, to wear
gumboots at work and to wash after daily work accounted for 45%, 31% and 16% of cases
in the population, respectively [73]. Wearing a long-sleeved shirt while working, keeping
work clothes off the grass, and always using a mat to rest outdoors showed protective
associations, with aORs and 95% Cls of 0.5 (0.3-0.9), 0.6 (0.4-0.9), and 0.7 (0.5-0.9),
respectively [74]. This difference may be explained by the longer period of time available
during the night for the mite to bite, while transfer of Orientia tsutsugamushi from an infected

mite to humans takes more than six hours.
1.4.3.2.3 Outdoor exercise activities

Leisure activities such as camping, walking and resting on grassland were positively
associated with infection risk and had an OR of 2.1 (95% CI: 1.0-4.2) [66]. Morning exercise
in the park confirmed a positive association with scrub typhus in China (aOR=3.8, 95%
Cl1=1.0-4.5) [70]. Another scrub typhus risk factor study during an outbreak in China showed
that people who took their morning exercise or any activity in the park had significantly
higher risk than those who did not (aOR=3.0, 95% CI: 1.1-8.2 and aOR=9.1, 95% CI: 3.3-
25.5, respectively) [72]. Activities of participants of a Greenery pottery workshop had
significantly higher risk of disease (aOR = 4.6, 95% CI: 1.7-12.5) [72]. One possible
explanation is that due to the rapid development of the Chinese economy and urbanization,
the habitat of scrub typhus no longer only included farmlands but also well-greened places
such as grasslands in parks [72]. Of the 46 cases in Busan, Korea, 33 (71.7%) participated
in government-run public work projects. The government-run public work projects included
many occupations, such as maintenance of hiking trails, deforestation, and cutting grass.
This occupation characteristic could result in high exposure to chigger mites [46].

1.4.3.2.4 Outdoor relaxing activities

Playing around the house in the two weeks before illness onset showed a positive association
with scrub typhus infection, aOR=2.7, 95%CI: 1.1-6.3) [75]. Going to school by a vehicle
(OR=3.1, 95%CI: 2.3-8.4) was associated with an increased risk among children [71].
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1.4.3.2.5 Defecating/urinating in jungles or bushy areas

Practice of defecating/urinating in jungles or bushy areas was associated with the exposure
to infected mites and increasing risk for scrub typhus in India and elsewhere [76]. In India,
defecation in 2 weeks before illness in the field or open-air defecation has been identified
as a risk factor for scrub typhus vs using toilets, OR=2.0, 95%CI: 1.2-3.4 [75], and aOR=1.6,
95%:1.1-2.3, respectively [77]. Defecation/urination in the jungle or bushy areas (OR 20,
95% CI: 2.3-174) was also determined a risk factor in an outbreak in India in 2007 [38], was
well as in a scrub typhus peak in South Korea in 2009 (aOR=2.0, 95%ClI: 1.4-2.9) [74].

1.4.3.3 Host - Vector - Animal contacts
1.4.3.3.1 Contact frequency with rats

Human contacts with rats and animals - scrub typhus vectors - showed positive association
with scrub typhus infection. There were 65 % scrub typhus cases associated to a rat
infestation in India [76]. Close contact with rats (aOR = 3.3, 95% CI: 1.2 -9.6), sitting near
the rat holes (OR =6.8, 95% CI: 1.2 - 38.1) were confirmed as risk factors of a scrub typhus
outbreak in China [72].

1.4.3.3.2 Owning animals

Regarding the exposure to other animals than rats, some studies confirmed that keeping
animal pets were significantly associated with exposure to O. tsutsugamushi. Peridomestic
animals such as dogs and cats can serve as transport hosts as they harbour infected mites
and may lead to exposure action to scrub typhus. Owning pets (OR=3.3, 95% CI: 1.2-9.1);
p 0.031) was associated with scrub typhus infection among children under 15 years old in
India [71].

1.4.3.3.3 Feeding animals

In addition, feeding animals or the leftover food to domestic animals attracts rodents, while
households frequented by rodents can be more affected by scrub typhus, whereas a clean
living-environment and control of rodents significantly decreased the incidence of scrub
typhus among troops in China [78]. Handling of cattle fodder 2 weeks before illness or close
contact with animals were determined as risk factors (OR=2.1, 95% CI: 1.1-3.7 [75] and
OR=1.6, 95% CI: 1.1-2.3 [77], respectively).
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1.4.3.3.4 Raising animals

The association between exposure to rodents at home and illness was stronger among
those rearing animals in the yard (OR=5.6, 95% ClI: 1.8-20.0) than among others (OR=2.1,
95% ClI: 0.4-16.0) [73].

1.4.3.4 Species’ habitat - Habitat connectivity

Apart from personal risk factors above, a recent study ascertained spatial connectivity
between activities and habitats as risk factors, e.g. working/living near -water sources:
lakes, ponds, streams, cannels, wells, irrigation systems surrounded by vegetation — Or

being near: forests, stored wood or hay [69].
1.4.3.4.1 Household environment and household sanitation/condition with risk

Households (HH) near grassland, HH with length of grass higher than 2 feet, and presence
of bushes within 5 metres of the house were confirmed as household environment risk
factors of scrub typhus (aOR=3.3, 95% CI=1.9-5.6 [53], aOR=5.6, 95% CI: 1.2-25.5 [69],
and aOR=2.8, 95% CI: 1.1-7.7, respectively [71]). Location of the house within or adjoining
fields, and vegetation around household within 3 feet range were significantly associated
with exposure to O. tsutsugamushi, OR=1.6, 95%CI: 1.02-2.4) [75], and OR=5.4, 95% CI:
1.1-25.8 [69], respectively. Presence of a water body within 100m of the house reported a
higher risk of scrub typhus (OR=3.6, 95% CI: 1.4-9.8) [71], whereas using tap water was
protective factors from scrub typhus vs using hand pump (aOR=0.5, 95%CI: 0.3-0.8) [77].
The risk of being infected were considerably higher in people who stored fuel (wood or
dung) inside the house or veranda in 2007 (aOR=32.0, 95%ClI: 4.0 — 265.0) [38], and in
study 2017 in India (aOR=1.6, 95%CI: 1.1-2.5) [75]. Houses without a cement floor or HH
with poor sanitary conditions (presence of rubbish, animal on ground) were further positively
associated with scrub typhus iliness, aOR=4.2, 95% CI: 1.0-17.0 [66] and aOR=1.7, 95%
Cl: 1.1-2.7 [67], respectively.

1.4.3.4.2 Workplace environment with risk

Workplace environment was confirmed as a risk factor for scrub typhus infection in Nepal
and India. Working in the field, routine work involving contact with shrubs or activities around
lakes (washing clothes, bathing/washing animals, feeding animals, etc.) were significantly
associated with exposure to O. tsutsugamushi, aOR= 9.8, 95% Cl=2.1-46.3 [53], aOR=3.7,
95% Cl: 1.04-12.9 [69], and aOR=4.6 (95% CI: 1.25-16.77) [69], respectively.
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1.4.3.5 Land cover (surface moisture for mite)

Natural transmission cycle of Leptofrombidium mites showed that natural moisture surface
such as beach/sea, forest, brush, river branch, along streams, bean area or muddy area
was a crucial micro-ecology factor favouring the presence of chiggers and increased risk of
acquiring scrub typhus [64, 79, 80]. In details, the favouring surface for the presence of
chiggers included i) woods, terrain, ground, forests for L. deliense; ii) grassy fields for L.
akamush; iii) sandy beaches/sea coast for L. arenicola; iv) ground, trees, dwelling small
mammals, rats close to man for A. Indica [64, 81, 82]. The chigger tends to aggregate

closely in clusters on twigs and debris a few inches above the ground to await its host.
1.4.4 Clinical definition of scrub typhus

Scrub typhus, also known as Tsutsugamushi disease, is caused by infection with O.
tsutsugamushi 6—21 days after the bite of infected Leptotrombidium mites. The following
acute febrile iliness can be mild to fatal - depending on the virulence of the Orientia strain
(although current knowledge of both virulence and host factor roles remains very limited).
lliness typically presents with headache, myalgia, a local necrotic lesion at the site of the
bite termed an eschar (not considered pathognomonic, but useful as a differential diagnostic
guide — other illnesses can also present with eschar), maculopapular rash,
lymphadenopathy and sometimes central nervous system involvement and jaundice [83].

There is typically a dramatic improvement with tetracycline or doxycycline therapy.

Accurate diagnosis is very important, because without appropriate antibiotic treatment a
fatal course is possible, especially if complicated by disseminated intravascular coagulation
[84, 85], central nervous system or pulmonary involvement [86, 87]. These complications
include pneumonitis leading to ARDS, meningoencephalitis, renal failure and hepatic
failure. Improved serologic and molecular diagnostic tests are now available. Although drug-
resistant strains of O. tsutsugamushi have been reported, the infection usually responds to
drugs not commonly used in the empirical therapy of undifferentiated fever such as

doxycycline, azithromycin or chloramphenicol [83].
1.4.5 Immunity

Humoral [88, 89] and cell-mediated [90-92] immune responses are induced upon Orientia

infection and both are required for protection in infected humans and animals.

The role of antibodies against the invading organism of Orientia spp. was studied by Hanson
and Rikihisa [93, 94]. Serum containing antibodies can inhibit entry into target cells

observed in chicken embryonic eggs. The inhibiting capacity of antibodies on binding and
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invasion is strain-specific and measurable by strain-specific antibody titre rise [93].
Homologous immunity is when a strain-specific pre-existing immune response is raised
against the same strain upon re-exposure — heterologous immunity is the cross-reactivity
based immune response upon re-exposure to a different strain. Homologous immunity is
supported by antibodies to the major surface protein, the 56-kDa TSA molecule that
contains strain-specific epitopes. The Orientia phagocytosis capacity of macrophages and

neutrophils is increased in the presence of the anti-Orientia antibodies [94-97].

The protective role of the cellular immune response was demonstrated in the studies of
Shirai and Kobayashi [90, 98, 99]. When immune serum against Gilliam strain was given to
mice infected with Karp strain, the mice remained infected; however the use of serum made
from infected rat spleens resulted in complete protection against Orientia among these
mice. Thus, cell-mediated immunity provides a T-lymphocyte-dependent broader cross
protection against divergent strains in mice [90]. Rats without a thymus only survived after
Orientia infection if T-lymphocytes were transfused [99]. The cellular immune response in
mice starts to appear as early as 2 weeks after infection, and is related to the degree of
stimulation of Orientia: early antibiotic treatment slows the development of the cellular

immune response [98].

Bourgeois et al. studied the humoral immune response in infected cases and found two
types of humoral immune responses [100]. In first infection patients, immunoglobulin (Ig) M
and IgG appear in the blood/serum approximately 5-10 days after the onset of disease
symptoms. However, IgM rapidly increases, thereafter IgG appears later and increases
more slowly (Figure 1.3.) [100, 101]. Among secondary infection patients, the IgG response
appears much earlier and more prominently around day 6 of iliness; the IgM response is
blunted, and only present in some patients around day 12, and no longer detected after day
63. In both first and secondary infections, the IgM anti-O. tsutsugamushi—specific humoral
response is specific for the particular strain of O. tsutsugamushi being propagated [100].
The cellular immune response in the first infection is demonstrated by a decrease in the
number of active lymphocytes (active T cells) in the early stages of the infection and an
increase in the later stages of the recovery period. In re-infected patients, the number of
active T cells did not decrease during the first week of iliness, and increased in the second

week.
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Figure 1.3. Scrub typhus progression: dynamics of pathogen detection, antibody dynamics
and diagnosis.

‘Inoc’ refers to the time point that Orientia is inoculated into the host via the arthropod vector. ‘Eschar’ refers to
the lesion at the bite site and the red bar to the time frame, when an erythematous and indurated plaque with a
central necrotic crust is visible at the bite site. ‘Fever’ (royal blue bar) refers to the time period of fever and other
symptoms. ‘Rash’ (light blue bar) refers to the presentation of a skin rash, approximately 3-5 days after fever
onset. Immunoglobulin (Ig) M and IgG appear after 5-10 days since the onset of disease symptoms and can
last for months to years, respectively. Pathogen, antigen (Ag) and DNA detection (culture, Ag, and DNA
detection bar) can occur prior to clinical disease presentation and until approximately 10 days after disease
onset. IgM, IgG, or both can reach in detectable levels about 5-10 days after disease onset (serology bar). Acute
and convalescent samples should be taken about 7-10 days apart if possible, for detection of dynamic rise in
antibody titer [102].

Saunders et al. studied the duration of antibodies in scrub typhus confirmed patients [103].
The authors found that the average time for conversion of the peak antibody titre to a
negative reaction was 50.9 weeks. The rate of seroconversion to titres < 1:50 in 1 year was
61%. The prolonged existence of antibodies specific to typhus, together with the existence
of many Orientia strains in endemic areas, are the factors explaining the high incidence of

typhus in endemic areas [103].
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1.5 DIAGNOSTICS: Methods to diagnose scrub typhus

1.5.1 Nucleic acid tests (molecular diagnosis)

1.5.1.1 Conventional PCR

Standardized conventional PCR (cPCR) use genes coding for the variable 56-kDa antigen
of O. tsutsugamushi which are amplified through 35 cycles twice using 20-mer
oligonucleotide primers and Taq polymerase. The Amplicon of extracted DNA is determined
by visual detection of the ethidium bromide-stained bands following agarose gel
electrophoresis of 5 pl of the PCR product. [104]. The cPCR based detection methods
utilizes genetic markers such as 56 kDa, 47 kDa, GroEL, 16s RNA genes and to detect
specifically the target organism [105-107]

1.5.1.2 Nested PCR

Nested PCR utilizes repeated PCR rounds. The first round of N-PCR is for the amplification
of the 47-kDa gene or 56-kDa gene under the same conditions used for the C-PCRs.
However, instead of using the same primers in the second PCR, a set of primers internal to
the first set is used. Thus, the second round of N-PCR for the 47-kDa gene/56-kDa gene
uses the first PCR product as the template DNA. This technique decreases the non-
specificty of amplified DNA fragments. PCR products are stained with ethidium bromide and

visualized by agarose gel electrophoresis [108].
1.5.1.3 Quantitative PCR

Real-time PCR-based detection methods targets genes such as 47-kDa HtrA outer
membrane protein gene, 16S rRNA gene or the 60-kDa heat shock GroEL gene. The real-
time gPCRs for the O. tsutsugamushi 47-kD assay requires a qPCR mixture consisting of
DNA template, PCR buffer, platinum Tag DNA polymerase, primers and probes for the O.
tsutsugamushi 47-kD assay. The qPCR undergoes 45-50 cycles of two-step amplification.
Current PCR method uses the multiplex real-time PCR approach designed to target multiple
genes using several probes labelled with different fluorochromes. The targeted multiple
genes includes genes encoding the 47-kDa antigen and the GroEL protein with human
interferon beta (IFN-B) as an internal control. Multiplex real-time PCR has improved
sensitivity and specificity by its ability to monitor DNA amplification with a detection limit as

low as ten copies per reaction.
1.5.1.4 Loop-isothermal Amplification PCR

LAMP detects acute scrub typhus infection by targeting the groEL gene, encoding the 60
kDa heat shock protein of O. tsutsugamushi [109]. LAMP technique utilizes isothermal

amplification of DNA using polymerase and set of primer pairs that produce a hairpin DNA
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template. The amplified product is determined via photometry for turbidity caused by the
precipitation of magnesium pyrophosphate as a by product of the reaction. The reaction can
also be quantified in real-time by measuring the turbidity or by fluorescence using
intercalating dyes such as SYTO 9. LAMP is highly specific and sensitive with rapid
response time as it can detect the DNA concentration of 1 mg/ml within 60-90 minutes.

1.5.2 Serology

1.5.2.1 Indirect immunofluorescence Assay IFA

The indirect immunofluorescence assay test (IFA) is considered as a the gold standard test
for the detection of scrub typhus. It uses fluorescein linked anti-human reporter antibody to
detect the presence of scrub typhus-specific antibodies. IFA test uses human or laboratory
animal serum or plasma as a primary ‘test’ antibody, while Anti-lgM or anti-lgG antibodies
(from the same species) are used as the secondary antibodies with conjugated fluorescein
isothiocyanate (FITC). Spots on microscopic slides are prepared from cell culture with a
known antigen or mixture of antigens, allowing for the detection of antibodies against all
individual antigens simultaneously. These are serially diluted with doubling increments to
allow semi-quantitative determination of antibody titres. IFA is advocated for
seroepidemiological studies in endemic areas (with well established seroprevalence) due

to specific selection of antibody isotypes and serovars in endemic regions.
1.5.2.2 ELISA IgM

ELISA IgM based methods target IgM antibodies in serum samples for the detection of O.
tsutsugamushi at the early stages of disease process. IgM antibodies titers can be observed
after the 1st week of O. tsutsugamushi infection, thereby differentiating nascent infection
from past ones (IgG). Most advances in ELISA-based diagnosis were to improve specificity
and sensitivity based on the use of recombinant antigens; 56-, 47- and 22-kDa proteins,

and surface cell antigens (ScaA and ScaC) [110, 111].
1.5.2.3 Rapid diagnosis tests RDTs IgM

The rapid diagnosis test for IgM, is a point of care diagnostics for the detection of scrub
typhus. RDT uses a recombinant mixture of 56-kDa outer-membrane proteins of Karp, Kato
Gilliam strain and recently Boryong, and Kangwon strains as captured antigen for detection
of IgG and IgM antibodies to O. tsutsugamushi. The aim is to improve the specificity of
diagnosing scrub typhus in different endemic regions [112]. Its sensitivity and specificity are
similar to the other standard methods used for the detection of scrub typhus. RDT can also

be used in combination with another assay to produce more accurate results [113].
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1.5.3 Limitations and difficulties

There is an urgent need for diagnostic methods for scrub typhus. The immuno-based
methods such as IFA and ELISA are preferred for detection of scrub typhus due to their
high sensitivity and specificity, but have limitations at early stages when no detectable IgM
titers are yet developed. IFA and ELISA also need the convalescent sampling for verification
of positive samples. On the other hand, DNA-based methods become preferred over
serology based assays due to their possibility of early-stage diagnosis with higher specificity
and sensitivity. However, PCR lacks its applicability in circumstances due to Orientia
tsutsugamushi genetic diversity among its serotypes and across endemic regions [113]. All
these methods require expensive equipment, require infrastructure, are sensitive to the
sample type and timing and possible contamination [114]. RDT presents a lower sensitivity
and specificity, but does not require specialized equipment, is rapid and simple. However,
similar to the other immuno-based methods, RDT has limitations in case detection at early
stages, needs convalescent sampling for verification, and has to be validated to local cut-
off titres for each endemic region [30]. Recent approaches integrate nucleic acid
amplification and recombinant protein-based serological tests for diagnosing scrub typhus.
This approach has the potential for future improvement if advances in antibody-based
immunochromatographic test (ICT) technology and simplification of DNA extraction
methods are made available in the future [115]. In analogy, the combination of Dengue NS1
antigen and IgM antibody assays for the acute dengue infections diagnosis resulted in a
dramatic increase in the sensitivity of admission diagnosis [116, 117]. Furthermore,
biosensor, DNA-based diagnosis sensor with targeting multiple DNA markers, has been
considered to become an ultimate choice for the detection of scrub typhus due to their
higher specificity and sensitivity as well as its better possibility of target site detection and

thus to deal with the problem of Orientia tsutsugamushi genetic diversity [113].
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2.1 ABSTRACT

Background: Dengue fever is highly endemic in Vietham, but scrub typhus - although
recognized as an endemic disease - remains underappreciated. These diseases together
are likely to account for more than half of the acute undifferentiated fever burden in Vietnam.
Scrub typhus (ST) is a bacterial disease requiring antimicrobial treatment, while dengue
fever (DF) is of viral etiology and does not. The access to adequate diagnostics and the
current understanding of empirical treatment strategies for both illnesses remain limited. In
this study we aimed to contribute to the clinical decision process in the management of
these two important etiologies of febrile illness in Vietham.

Methods: Using retrospective data from 221 PCR-confirmed scrub typhus cases and 387
NS1 protein positive dengue fever patients admitted to five hospitals in Khanh Hoa province
(central Vietnam), we defined predictive characteristics for both diseases that support
simple clinical decision making with potential to inform decision algorithms in future. We
developed models to discriminate scrub typhus from dengue fever using multivariable
logistic regression (M-LR) and classification and regression trees (CART). Regression trees
were developed for the entire data set initially and pruned, based on cross-validation.
Regression models were developed in a training data set involving 60% of the total sample
and validated in the complementary subsample. Probability cut points for the distinction
between scrub typhus and dengue fever were chosen to maximise the sum of sensitivity
and specificity.

Results: Using M-LR, following seven predictors were identified, that reliably differentiate
ST from DF; eschar, regional lymphadenopathy, an occupation in nature, increased days
of fever on admission, increased neutrophil count, decreased ratio of
neutrophils/lymphocytes, and age over 40. Sensitivity and specificity of predictions based
on these seven factors reached 93.7% and 99.5%, respectively. When excluding the
“eschar” variable, the values dropped to 76.3% and 92.3%, respectively.
The CART model generated one further variable; increased days of fever on admission,
when eschar was included, the sensitivity and specificity was 95% and 96.9%, respectively.
The model without eschar involved the following six variables; regional lymphadenopathy,
increased days of fever on admission, increased neutrophil count, increased lymphocyte
count, platelet count = 47 G/L and age over 28 years as predictors of ST and provided a
sensitivity of 77.4% and a specificity of 90.7%.

Conclusions: The generated algorithms contribute to differentiating scrub typhus from
dengue fever using basic clinical and laboratory parameters, supporting clinical decision

making in areas where dengue and scrub typhus are co-endemic in Vietnam.
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2.2 AUTHOR SUMMARY

Dengue fever is highly endemic in Vietnam, while scrub typhus is recognized as a re-
emerging neglected disease. Both diseases are likely to account for more than half of the
acute undifferentiated fever burden in Vietnam. However, scrub typhus is a bacterial
disease requiring antimicrobial treatment, while dengue fever - of viral etiology - does not.
Misdiagnosis and treatment delays cause potentially severe or fatal complications among
scrub typhus patients, even though it is easily treatable. In this study, we used simple clinical
and laboratory markers, which were identified upon admission of 221 PCR-confirmed scrub
typhus cases and 387 NS1-positive dengue fever patients from Khanh Hoa province to
identify the differences between scrub typhus and dengue. We found seven predictors that
served to construct a simple clinical decision tree, holding great potential to distinguish
scrub typhus from dengue using readily available clinical or laboratory findings. These
predictors can strongly support medical staff in identifying scrub typhus cases from dengue,
without using sophisticated diagnostic tests, and could improve the quality of diagnoses and
appropriate treatment strategies at the primary health care level — especially in areas where
scrub typhus and dengue fever are co-endemic in Vietnam and many parts of Asia and

where diagnostic tests are not readily available.
2.3 INTRODUCTION

Scrub typhus and dengue fever are major under-diagnosed causes of febrile illness in many
parts of Asia [118-125]. Scrub typhus and dengue fever together account for approx. 30-
40% of the leading etiologies of acute undifferentiated fever in Thailand [126]. Sero-
epidemiological data suggest that Orientia tsutsugamushi infection is common across
Southeast Asia, with seroprevalences ranging from 9-28% [41, 127]. Case fatality rates
from areas of reduced drug-susceptibility are reported at 12-14% for South India and
northern Thailand, respectively [41]. High mortality rates were reported for complicated
scrub typhus with central nervous system involvement (14%), multi-organ dysfunction
(24%) and high pregnancy miscarriage rates with poor neonatal outcomes [128, 129].

After approximately half a century of neglect, scrub typhus is beginning to receive more
attention as an important cause of non-malarial febrile iliness in Vietham. Recent reports
highlight scrub typhus as a disease of high clinical relevance and expanding (documentation
of) distribution due to a notable recent increase in the number of diagnosed and reported
cases [15, 130]. In the 1960s, scrub typhus was considered a common disease among
American veterans in Vietnam and an endemic disease in the midlands and mountainous
forests of Vietnam, but after the discovery of Chloramphenicol the general interest in
rickettsial diseases declined gradually with the availability of an effective antimicrobial [131,

132]. In Vietnam only a limited number of cases were registered after the 1970s, but the
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increasing reports of scrub typhus in recent years suggest a re-emerging trend of this
rickettsial illness with documented geographical expansion and distribution within the
population of Vietnam [16, 125, 130]. Results from various causes-of-fever studies in
Southeast Asia have confirmed the importance of this easily treatable rickettsial disease [16,
126, 130, 133]. Scrub typhus is a serious disease if untreated in elderly; the median mortality
is 6% if untreated, and mortality increases with age (over 50 years old mortality >45%), while
case fatality risks can reach 12-13% in South India or North Thailand [41, 134, 135].
Dengue has made a substantial impact in Vietnam over the two past decade and is
unequivocally the leading cause of febrile illness throughout the country [24-27]. Dengue
has been extensively studied and its economic impact assessed; recent studies have
estimated that it is responsible for 39,884 disability-adjusted life years (DALYs) annually,
representing an economic burden of US$94.87 million per year (2016) [26]. Vietnam is an
endemic area for dengue fever, and the level of knowledge about the disease and its
management in the population was promoted through broad publicity and knowledge
dissemination (mainly TV and internet) [136, 137]. Dengue incidence per 100,000
population increased steadily from 32.5 in 2000, to 120.0 in 2009, and was 149.9 in 2018
in Vietnam [29, 138, 139]. The incidence distribution of dengue is higher and more
consistent in the south than in the north of Vietham.

The capacity for diagnosis (rapid and confirmatory tests) for scrub typhus in hospitals
remains limited [30, 140]. The standard reference assays for scrub typhus antigen are
polymerase chain reaction (PCR) and serological diagnosis (ELISA), which are expensive,
require expertise and sophisticated laboratory equipment. Although testing for prevalent
bacterial infections informs treatment and is cost-effective, access to useful tests is scarce
[141]. For dengue, the NS1 antigen or combined NS1/IgM rapid diagnostic tests are highly
appropriate for the early diagnosis of dengue infection as they are readily available, easy-
to-use, inexpensive, accurate and cost effective compared to dengue ELISAs and PCR
assays [142-144]. However, these tests are not readily available where needed most,
especially at the primary health care level or in rural, tribal areas [31].

The similarities upon presentation of these two common causes of febrile illness complicate
clinical management decisions at all health care levels of the country, from the primary
health care centers to even the national tertiary hospital [18]. Non-specific symptoms such
as high fever, headache, skin rash or myalgia are common to both scrub typhus and
dengue, but different treatment strategies are required [33-36]. Frequent misclassification
of undifferentiated febrile illnesses delay the diagnosis and treatment especially for scrub
typhus [18, 125]. Approx. one million cases of scrub typhus occur each year, which - with
an estimated 6% case fatality rate — account for a substantial mortality and economic burden

for an easily-treatable disease. Improving access to diagnosis and appropriate antibiotic
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treatment would have an important impact [145]. At the Vietnam national referral hospital a
mortality rate mortality is estimated at 1.2% among confirmed patients, but numbers in
district and community health care centers remain elusive [16].

Against this background, we conducted this study to improve differentiation between scrub
typhus and dengue fever using admission clinical manifestations and routine blood tests,
aiming to identify simple predictors based on their probability, when no diagnostic test is

available.

2.4 METHODS

241 Study site

Khanh Hoa province lies in the coastal South Central region of Viet Nam. With a population
of 1.2 mio (2019) in its 9 districts/townships, it covers 5.2 km? (2011) and includes 200
islands. Khanh Hoa has a tropical savannah climate and is a well-known tourism center in
Viet Nam with over half a million visits per month; half of these are provincial residents. Nha
Trang Bay in Khanh Hoa is an official member of the World's Most Beautiful Bay Club since
2003 [146].

Khanh Hoa is hyper endemic for dengue fever, and was a major hotspot among the 11
provinces in the central Vietnam with an average of 39,876 cases/100,000 population/year
during 2011-2018 [24, 147]. Dengue incidence peaked at 40,204 cases /100,000 in 2016,
and decreased to 920/100,000 in 2019. In the 2020 national report Khanh Hoa ranked 2
among 63 provinces in Vietnam with 295.3 cases/100,000 population [148].

Khanh Hoa is recognized as endemic for scrub typhus since WWII. Scrub typhus was first
reported in Khanh Hoa in a retrospective study of United States Air Force personnel at Cam
Ranh Bay in 1969 [149]. From 2008 to 2010 there were 469 cases of scrub typhus reported
in the province [150]. During 2013-2014 period, the Pasteur Institute in Nha Trang confirmed
201 of 321 suspected cases of scrub typhus in the 5 hospitals in Khanh Hoa [151].

2.4.2 Study design

This retrospective descriptive study included 608 patients consisting of 221 and 387
confirmed acute cases of scrub typhus and dengue fever respectively. Full medical records
were accessed from the 5 major hospitals of Khanh Hoa (Provincial Hospital, Ninh Hoa
branch provincial hospital, Dien Khanh district hospital, 87 Army hospital, Ninh Diem
Hospital). The enroliment and selection procedures are presented in Figure 2.1.

The data of all patients hospitalised at the five hospitals with a diagnosis of “suspected
scrub typhus” (Jan 2013 - Dec 2014 and Aug 2018 - Jul 2019) or “dengue fever’ (2013-

2017) were collected. We aimed to test following hypothesis: “There is no difference in
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clinical manifestations and routine blood testing results between scrub typhus and dengue
fever inpatients upon hospital admission”.

All diagnostic assays and clinical assessments during admission and hospitalization in the
five hospitals were made by trained local laboratory staff and physicians respectively, as
part of routine clinical management, and following the scrub typhus “suspected case”
definitions (criteria stated below) and the well-established “dengue fever” selection criteria.
From Jan 2013 to Dec 2014, after excluding malaria, dengue and other diagnoses, 327
patients fulfilled the “suspected scrub typhus” definitions on admission and were enrolled to
the study; 209 eschar samples were collected, and all provided admission blood samples.
From Aug 2018 to Jul 2019, 31 patients with “suspected scrub typhus” on admission were
enrolled and all provided admission blood samples. In total, 358 “suspected scrub typhus”
patients were enrolled, of which 221 were confirmed to be scrub typhus.

As scrub typhus is by far the more neglected disease, we included all confirmed scrub
typhus patients and randomly selected two controls from the dengue fever patient group as
non-scrub typhus case controls for further analysis. These confirmed cases and random
controls were assigned in a 1:2 ratio across the five hospitals. All dengue patients had a
documented NS1 positive test result and presented without shock symptoms (n=378).
Dengue patients with malaria co-infections (positive rapid diagnostic test (RDT) and Giemsa
thin film) were excluded. Medical records were available for all dengue patients documented
at the five hospitals during 2013-2017. In total, medical records of 608 scrub typhus and

dengue cases were collected and included in analyses.
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327 suspected ST cases 31 suspected ST cases*
at 5 hospitals* at 5 hospitals
(Jan 2013 — Dec 2014) (Aug 2018 — July 2019)

1

Consent obtained and case report form filled out

327 with PCR

buffy coat 31 with PCR buffy All dengue patients with
o (at) ancior. NS1 positive in 5 hospitals
(327)and/or PCR ELISA(31) p p
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358 patients for scrub typhus testing

/ Our current study | | \
221 confirmed ST patients (cases)

10 ELISA (+) only 387 DF patients

54 PCR eschar (+) only (controls)

71 PCR buffy coat (+) only with NS1 positive
77 PCR buffy coat & PCR eschar (+) (Jan 2013 — Dec 2017)

9 PCR buffy coat & ELISA (+)

Matched the same case control ratio (1:2)
across the 5 hospitals

\* Malaria, dengue excluded 608 patients included in analyses /

Figure 2.1. Investigational procedures and protocol for patients included in the study.

2.4.3 Diagnostic assays

Blood specimens from all enrolled patients were taken by trained laboratory technicians and
if an eschar was present, swabs of the eschar area were collected at the respective
hospitals upon admission, before transfer to the Nha Trang Pasteur Institute, Vietnam, for
PCR and ELISA testing [152].

PCR assays: During 2013-2014, a quantitative SYBR green real-time PCR with primer
designed from GroEL gene [153] was used to identify the presence of O. tsutsugamushi in
327 patients with 327 buffy coat samples and 209 eschar swab specimens. During 2018-
2019, an in-house semi nested PCR [152], validated by the qualitative SYBR green real-
time PCR [153], for detection of partial 56-Kda outer membrane protein gene was used to
identify the presence of O. tsutsugamushiin 28 patients with 28 PBMCs samples (3 patients
did not provide buffy coat samples). Primers used for the semi-nested PCR includes 2
forwards primers with the sequence of (F1): CAATGTCTGCRTTGTCRTTG; (F2):
CCKTTTTCIGCTRGTGCGATAG and 1 reverse primer with sequence of (R):
ATAGYAGGYTGAGGHGGYGTAAG. In total, there were 564 specimens available, from
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358 suspected scrub typhus cases, including 355 buffy coat samples and 209 eschar swabs
for PCR testing.

ELISA assays: The Scrub Typhus Detect IgM ELISA (part no. 500242, Lot no. XM5033;
InBios International Inc., Seattle, WA, USA) was used for IgM detection all 31 serum
samples of patients enrolled from 2018-2019. This ELISA uses recombinant p56kD type
specific antigens of Orientia tsutsugamushi Karp, Kato, Gilliam, and TA716 strains. The
manufacturer’s methods were followed exactly. All sera were tested at a 1:100 dilution and
absorbance was determined at 450 nm (OD@450 nm) using a microplate reader to give a
final optical density (OD) result. The OD cut-off applied was 1.00 with a sensitivity of 91.5%
and specificity of 90.9% for admission samples to confirm cases among suspected scrub

typhus infection, as reported previously [154, 155].
2.4.4 Case definitions and selection criteria

“Suspected scrub typhus”: Age not restricted with a febrile iliness (axillary temperature

237.5°C) and at least one of the following criteria needed to be fulfilled:
e Presence of an eschar
e Suspected dengue fever with a negative dengue NS1 test result
e Suspected malaria with a negative malaria test result (microscopy, RDT)
e Persisting or undifferentiated fever (=10 days fever)
From August 2018 to July 2019, the same criteria were re-phrased to reflect more detail:
e Age = 16 years old
e Patient with acute fever (axillary temperature 237.5°C) and having had at least one
of the following twelve secondary findings: eschar, nonspecific skin rash, headache,
myalgia, retro-orbital pain, congestion of the conjunctival blood vessels, tinnitus,
lymphadenopathy (regional/body), hepatomegaly, splenomegaly, dry cough,
dyspnoea without upper respiratory tract discharge.
e Exclusion criteria: Patients diagnosed with malaria, dengue fever (confirmed by
NS1), measles, influenza, bacterial pneumonia, urinary tract infections.

Confirmed acute cases

e Scrub typhus: Patients with a positive PCR result (buffy coat or eschar swab
specimens) or positive IgM ELISA result (optical density [OD] of = 1.0) for
O.tsutsugamushi by the Institute Pasteur Nha Trang reference laboratory, in
Vietnam.

¢ Dengue fever: Patients with a positive dengue NS1 antigen test (NS1) performed on
site at each of the 5 hospitals. Patients with clinical symptoms of shock were

excluded (due to the specific symptoms associated; ie. circulatory failure,
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pronounced tachycardia with weak and narrow pulse pressure, hypotension, cold,
clammy skin, abnormal mental status, oliguria, metabolic acidosis, restlessness; or
profound shock with undetectable blood pressure or pulse [156])

e Co-infections in scrub typhus and dengue fever cases with a positive malaria RDT

and/or Giemsa staining method were excluded from the study.
2.4.5 Sample size considerations

A Monte Carlo simulation [157] showed that, 200 scrub typhus cases and 400 dengue fever
controls would be sufficient to keep the estimation error of the area under the curve (AUC)
associated with the prediction of scrub typhus within about 3.5% of the true value with 95%
certainty, provided that the true value of AUC is = 80% [158]. The precision increases with
increasing AUC. The AUC was used because it represents overall performance of a
prediction score. It allows to find a good threshold for the prediction score to distinguish
between patients with and without the specific disease. The same ratio between cases and
controls was applied across the five hospitals to avoid potential confounding by differences
in the diagnosis capacities of physicians across hospitals.

2.4.6 Ethical approval

Ethical approval was provided by the Scientific and Ethical Committee in Biomedical
Research, Hanoi University of Public Health (No. 382/2018/YTCC-HD3 and No0.329/2019/
YTCC-HD3) and by the Ethics Committee of Northwestern and Central Switzerland
(Ethikkommission Nordwest- und Zentralschweiz, EKNZ) (BASEC-Nr-2018-00974). All data
retrieving procedures at the five sites were approved by Provincial Health Department of
Khanh Hoa; the document No 2192/ SYT-NVY was signed by the Directors of the five study
hospitals (16 August 2018). For the scrub typhus study in 2019 all participants provided

written informed consent prior to study enrollment and sample collection.
2.4.7 Data sources and Data quality assurance

Complete medical records of all 608 scrub typhus (cases) and dengue patients (controls)
were retrieved from the paper-based medical record filing cabinets stored at the storing
units of the five hospitals in Khanh Hoa. The cases and controls (1:2 ratio) were associated
with the same hospital, and the following data was extracted from the patients’ medical
record: clinical manifestations, routine blood testing results, method of diagnosis and
management upon admission.

A structured data collection form was used to retrieve medical records; All skips, data format

requirements, cross check, and data constraints were designed for quality assurance, prior
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to building the form on Open Data Kit (ODK) [159], before uploading to the web-based
server http://sqg.smap.com.au/, from where it was downloaded onto Android devices

(Samsung tablets). The Open Data Kit community produces free and open-source software
for collecting, managing, and using data in resource-constrained environments [159]. The
use of mobile data capture technology such as ODK and Android mobile devices have
proven their efficiency and cost-effectiveness in cross-sectional surveys [160, 161] and are
recommended by the WHO [162].

Four trained data collectors with experience in scrub typhus studies from the Department
of Epidemiology, Institute Pasteur, Nha Trang used this e-form programmed on Samsung
tablets to collect data. At the end of each day, the data supervisor checked the total numbers
of forms and randomly 15% of the forms collected by each data collector, and any
incomplete forms were completed. The ODK program checked for missing data, so that the
form could only be closed and marked as “finished” when all information was provided (no
information=99999). All completed forms were uploaded to the web-based server at

http://sg.smap.com.au/ at the end of each working day. Copies were stored in the tablets,

and all collected data was secured in the web-based server, and downloaded for

subsequent analyses in STATA.
2.4.8 Statistical analyses

Identical variables were recorded for cases and controls, with the dependent variable
chosen as scrub typhus (Yes/No). Primary independent variables were: fever, days of fever
on admission, headache, hemorrhage, hepatomegaly, splenomegaly, lymphadenopathy
(regional/body) and the basic blood laboratory results. A training data set was built by
randomly selecting 60% of cases and 60% of controls. The remaining data was used for
validation of the prediction models.

Descriptive statistics included counts, proportions and percentages for qualitative variables,
and medians and interquartile ranges (IQR) for quantitative variables. Comparisons of
demographic, social, and laboratory variables between patients and control groups were
conducted using the Fisher’s exact test and the Mann-Whitney U test, as indicated. Logistic
Regression (LR) was applied to derive a prediction model for the dichotomous dependent
variable (presence vs. absence of scrub typhus).

First, potential predictor variables for scrub typhus other than eschar were considered one
by one in the training data set. The Bayes information criterion (BIC) was applied to
determine the variables to be considered in the initial multivariable model. This initial model
was then reduced using backward selection based on the BIC. A variable remained in the
model if its removal increased BIC. The optimal cut points for the predicted probabilities of

a patient having scrub typhus as opposed to dengue fever were determined by maximizing

30



the sum of sensitivity and specificity (i.e., the index of Youden). We derived 3 models, i.e.
a model without laboratory variables, one only including laboratory variables, and one with
both clinical and laboratory variables (no using eschar variable) (Table 2.2). In a further
step, the variable eschar, which perfectly predicts scrub typhus, was added to the prediction
model by setting the predicted probability of scrub typhus to one among patients with
eschar. The resulting model was then applied to the validation data set and the receiver
operating characteristic curves (ROC-curves) were generated to compare the performance
of the model in both data sets based on the area under the curve (AUC). Finally, the model
was fitted in the entire data set. This could be justified by the good performance of the
training model in the validation data set.

An alternative approach for discriminating between scrub typhus and dengue fever
consisted in deriving binary decision trees using the CART (classification and regression
trees) method [133, 163-166]. The trees were developed for the entire dataset and were
pruned based on the inbuilt cross-validation statistic of the CART program [167]. Each node
of the tree represents a binary decision and the leaves of the tree are assigned to the
diagnosis of either scrub typhus or dengue fever. Trees were pruned in order to avoid
overfitting of the data. As for the regression-based prediction models, the model
performance was assessed based on the sensitivity and specificity of predictions and on
the index of Youden (i.e., the sum of sensitivity and specificity minus 1). The probability cut
points used to assign final leaves to scrub typhus or dengue fever were chosen such as to
maximise the index of Youden.

Descriptive and logistic regression analyses were conducted using STATA software version
14, while CART-analyses were conducted using R-software (Version 1.1.456 — © 2009-
2018 RStudio, Inc.)

2.5 RESULTS

2.5.1 Socio-demographic and epidemiological findings

We included all 221 cases of scrub typhus and 387 cases of dengue in the analyses,
reflecting approximately a 1:1,75 assignment. There were significant differences in age,
occupation and number of days with fever before admission. The median (interquartile
range - IQR) ages of the scrub typhus and dengue patients were 33 (22-45) and 20 (10-31)
years, respectively (p<0.001). The proportion of occupation in nature was higher among
patients with scrub typhus (38.5%) than among patients with dengue fever (15.0%)
(p<0.001). There was also a significant difference in the days of fever on admission,
between the patients with scrub typhus (median=5 days, IQR =3-7 days) and those with
dengue fever (median=3 days, IQR = 2-4 days) (p<0.001).
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The geographic distribution of the scrub typhus and dengue fever confirmed cases in this
study is demonstrated in Figure 2.2. Scrub typhus cases occurred in all 8 districts in Khanh
Hoa, and a similar distribution of dengue and scrub typhus confirmed cases was seen

across the communes.

>z
>z

g a
=y ] ) == p
Dengue_fever | . Scrub_typhus
DF . W ST
0 k a
1-4 1-3
5.8 | 4-5
[ g-1
! l 2 0 128 25 50 Kilomators -
25 5 50 !
e — PR . N SR

Figure 2.2. The geographic distribution in Khanh Hoa of all scrub typhus (n=221) and
dengue fever (n=387) confirmed cases in this study is depicted in these maps.

(Note: The Figure 2.2 was created using ArcGIS® software by Esri (www.esri.com).
ArcGIS® is the intellectual property of Esri and is used herein under lisense. Source of
administrative layer of Vietnam was obtained freely from the website (http.//www.diva-

gis.org/datadown#google_vignette) which is free for community user)
2.5.2 Clinical and laboratory findings

Clinical manifestations and laboratory findings are summarised in Table 2.1. The strength
of diagnostic factors for scrub typhus as opposed to dengue fever is expressed by the
respective odds ratio. In the two scrub typhus cohorts, an eschar prevalence of 93.1% was
seen among the 202 scrub typhus cases seen from 2013-2014, and 52.6% among the 19
scrub typhus cases seen in 2018-2019. The presence of an eschar is a vital diagnostic clue
for scrub typhus; if the physician finds an eschar, it informs diagnosis and treatment of scrub
typhus patients. But if there is no eschar, often scrub typhus is missed, and other differential
diagnoses considered. Therefore, we conducted the analyses in datasets with and without

the eschar variable for more feasible prediction approaches.
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Patients with scrub typhus were more likely to have regional lymphadenopathy (>1cm), with
a high odds ratio (OR) of 98.9; 95% confidence interval (Cl): 24.0 — 408. This was followed
by rigors/chills OR=14.5 (95% CI: 5.04-42.0); lung crepitation OR=8.19 (95% CI: 1.75-38.3);
documented dyspnoea OR=4.83 (95% Cl: 1.27-18.4); retro-orbital pain OR=4.48
(95%Cl:1.93-10.4); diarrhea (at least 3 days) OR= 3.02 (95%CI:1.08-8.44) and myalgia
OR=1.63 (95%Cl:1.15-2.29). On the other hand, patients with scrub typhus were
significantly less likely to have pharyngo-laryngitis OR = 0.33 (95%Cl: 0.17-0.65);
respiratory rate >22 OR=0.42 (95%CI: 0.25-0.70); and hemorrhagic signs OR=0.14 (95%Cl:
0.07-0.28), compared to dengue fever patients.

Significant hematological blood laboratory predictors for scrub typhus included higher white
blood cell count OR=1.35 per unit increase in white blood cell (WBC) (95%CI 1.27-1.44, p
< 0.001); neutrophil (NEU) count, OR=1.36 per unit increase in NEU (95%CI 1.25-1.47,p <
0.001); or lymphocyte count, OR=1.95 per unit increase (95%CI 1.65-12.3, p < 0.001), and
aspartate aminotransferase (AST/GOT) or alanine aminotransferase (ALT/GPT) levels 245
U/L with an OR=2.55 (95%C]I:1.08-6.04, p < 0.034).

33



Table 2.1. Demographic, clinical, diagnostic and laboratory characteristics of patients at

admission
P-
Scrub typhus Dengue fever OR (95%Cl) |
value?
Demographics and History
Male, n (%) 124/221 (56.1%) 204/387 (52.7%) 0.87 (0.63-1.22)  0.419
Age, median (IQR) 33 (22-45) 20 (10-31) 1.03 (1.02-1.04) <0.001
Main occupation in nature, n
85/221 (38.5%)  58/387 (15.0%) 3.55(2.40-5.23) <0.001
(%)
()
eferral, n (% 8% 7/ 357 4% .15 (0.68-1. .
Referral, n (% 26/221 (11.8% 37/ 357 (10.4% 1.15 (0.68-1.96 0.600
Days of fever on admission
5 (3-7) 3(2-4) 1.68 (1.52-1.85) <0.001
(>=37.5°C), median (IQR)**
Clinical presentation at
admission*
Symptoms
Headache, n (%) 145/220 (65.9%) 236/387 (61.0%) 1.24 (0.88-1.75) 0.228
Myalgia, n (%) 92/221 (41.6%) 118/387 (30.5%) 1.63(1.15-2.29)  0.006
Retro-orbital pain, n (%) 19/220 (8.66%) 8/387 (2.07%) 4.48 (1.93-10.4) <0.001
Rigors/chills, n (%) 29/220 (13.2%) 4/387 (1.0%) 14.5 (5.04-42.0) <0.001
Dry cough, n (%) 36/220 (16.4%)  41/387 (10.6%) 1.65 (1.02-2.67) 0.041
Abdominal pain, n (%) 28/219 (12.8%)  60/387 (15.5%) 0.80 (0.49-1.29)  0.362
Diarrhea (at least 3 days), n (%) 10/220 (4.55%) 6/387 (1.55%) 3.02 (1.08-8.44) 0.035
Physical signs
Body temperature > =38 ° C, n
) 155/216 (71.8%) 224/315 (71.1%) 1.03(0.70-1.51)  0.871
()
Heart rate > 90/min, n (%) 112/221 (50.7%) 223/387 (57.6%) 0.76 (0.54-1.05)  0.098
Respiratory rate > 22/min, n (%)  21/203 (10.3%) 83/386 (21.5%) 0.42 (0.25-0.70) 0.001
Hypotension, n (%) 32/218 (14.7%)  54/348 (15.5%) 0.94 (0.58-1.51)  0.787
Eschar, n (%) 198/221 (89.6%)  0/387 (0.00%) 1.00 (1.00-1.00) .
Rash, n (%) 13/221 (5.88%)  25/387 (6.46%) 0.88 (0.67-1.16)  0.777
Hemorrhagic signs (Petechial
hemorrhage (epistaxis, bleeding
) 10/221 (4.52%)  97/387 (25.1%) 0.14 (0.07-0.28) <0.001
gums, organs), skin
hemorrhage, n (%)
Regional lymphadenopathy
751221 (33.9%) 2/387 (0.52%) 98.9 (24.0-408) <0.001
(>1cm), n (%)
Hepatomegaly and/or
3/221 (1.36%) 5/387 (1.29%) 1.17 (0.19-7.05)  0.946
splenomegaly, n (%)
aryngo-laryngitis, n (% 4% .6% . .17-0. .
Ph | iti (%) 36/220 (16.4%)  41/387 (10.6%) 0.33(0.17-0.65)  0.041
Documented dyspnoea, n(%) 8/220 (3.64%) 3/387 (0.78%) 4.83(1.27-18.4) 0.021
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Scrub typhus Dengue fever OR (95%Cl)
value?
Lung crepitation, n (%) 9/220 (4.09%) 2/386 (0.52%) 8.19 (1.75-38.3) 0.007
Fatigue, n (%) 90/221 (40.7%) 171/387 (44.2%) 0.87 (0.62-1.21)  0.407
Malaise, n (%) 2/219 (0.91%) 3/387 (0.78%) 1.18 (0.20-7.12)  0.857
Nausea, n (%) 15/219 (6.85%)  50/387 (12.9%) 0.50 (0.27-0.91)  0.022
Vomiting, n (%) 12/221 (5.43%)  35/387 (9.04%) 0.58 (0.29-1.14)  0.112
Lung crepitation and/or
14/220 (6.36%) 4/386 (1.04%) 6.49 (2.11-20.0)  0.001
documented dyspnoea, n (%)
Gastrointestinal findings, n (%) 44/218 (20.2%) 109/387 (28.2%) 0.64 (0.43-0.96)  0.031
Clinical severity, n (%) 73/200 (36.5%) 122/347 (35.2%) 1.06 (0.74-1.52) 0.752
Laboratory findings*
WBC (10%/mm?3), median (IQR) 7.2 (5.1-9.9) 4.1(3.1-6.4) 1.35(1.27-1.44)  <0.001
NEU (10%/mm?3), median (IQR) 4.5(3.1-5.9) 2.5(1.5-4.2) 1.36 (1.25-1.47) <0.001
Lymphocytes (103/mm?3), median
1.7 (1.1-2.7) 0.9 (0.6-1.3) 1.95 (1.65-2.30) <0.001
(IQR)
N/L Ratio
) 2.5(1.6-3.8) 2.8 (1.4-5.0) 0.89 (0.83-0.95) <0.001
(neutrophils/lymphocytes)
HCT %, median (IQR) 38 (34.7-42.0) 37.7 (35.0-40.8) 1.00(0.97-1.04) 0.827
RBC (10'?/L), median (IQR) 4.5 (4.2-4.8) 4.5 (4.2-4.8) 0.89 (0.69-1.15)  0.377
PLT (~G/L), median (IQR) 121 (91-160) 127 (86- 177) 1.00 (1.00-1.00)  0.757
HGB (g/dL), median (IQR) 12.5 (11.3-13.5) 12.4(11.6-13.5) 0.96 (0.86-1.07)  0.497
Creatinine (umol/L), median
84 (74-102) 81 (70-98) 1.00 (0.99-1.01) 0.975
(IQR)
AST (U/L), median (IQR) 97.5 (69-172) 81 (42.0- 118) 1.01 (1.00-1.01)  0.001
ALT (U/L), median (IQR) 108 (58-166) 62 (30.5-99.5)  1.01(1.00-1.01)  0.001
AST and/or ALT 245 U/L (n, %) 68/148 (45.9) 8/32 (25.0) 2.55(1.08-6.04)  0.034

a Significant predictor variable on univariate logistic regression analysis (p<0.05) are indicated in bold.

* An occupation in nature: farmer, fisherman, working in forest.

**Fever: tympanic temperature >37.5°C measured by axillary method

# Clinical presentation

Gastrointestinal findings: at least one of abdominal pain, vomiting, nausea, jaundice, hepatomegaly,
splenomegaly
Clinical severity —at least one of these: intubation; respiratory rate >30/min; pulse >100/min; systolic blood

pressure <90mmHg or >160mmHg, or diastolic blood pressure <60mmHg;

## Laboratory reference range: WBC 4-10 G/L, NEU 2.6-7.0 G/L, L 1.2-3.8 G/L, HCT: 0.33-0.50L/L, PLT 150-
450 G/L, HGB 12.0-16.5 g/dL (International Standard unit)
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The significant predictors for scrub typhus in the training data set of the multivariable logistic
regression model after backward selection are presented in Table 2.2. Besides eschar, we
identified four significant clinical variables for scrub typhus and two significant routine
hematological blood laboratory parameters. In the model combining these variables, the
odds of having scrub typhus as opposed to dengue fever were positively associated with
regional lymphadenopathy aOR=78.2 (95%CI: 9.20-665, p <0.001); followed by an
occupation in nature, aOR= 3.87 (95%CI: 1.89-7.91, p <0.001); with age over 40, aOR=3.94
(95%C1:1.94-8.01, p <0.001); with increased days of fever on admission aOR=1.45 per
additional day (95%CI: 1.22-1.66, p <0.001); and with neutrophil count, aOR=1.89 per unit
increase (95%CI:1.54-2.32, p <0.001). On the other hand, the association with ratio of
neutrophils/lymphocytes was negative with an aOR=0.68 per unit increase (95%CI: 0.57-
0.81, p <0.001).

Table 2.2. Results from multivariate logistic regression with the most relevant predictors for

the presence of scrub typhus (training part) #

Clinical manifestations = Routine hematological Clinical manifestations &

blood laboratory Routine hematological
aOR 95%CI P- aOR  95%ClI P- aOR  95%CI P-
Eschar (no using)
Regional 96.3 12.2- <0.001 78.2 9.20- <0.001
An occupation in 3.75 2.02- <0.001 3.87 1.89- <0.001
Age over 40 3.39 1.78-  <0.001 3.94 1.94-  <0.001
Days of fever on 1.49 1.30- <0.001 1.42 1.22-  <0.001
Neutrophil count 2.09 1.75-  <0.001 1.89 1.54-  <0.001
Ratio of N/L 0.61 0.53- <0.001 0.68 0.57-  <0.001
AUC 95% AUC 95%CI AUC 95%CI
ROC —analysis 0.862 0.823- 0.831  0.790- 0.912 0.878-

# Footnote: Results from multivariate logistic regression with the most important predictor variables
in the training data set (n = 364). Initial clinical manifestation variables considered included days of
fever on admission, myalgia, retro-orbital pain, rigor, hemorrhagic signs (epistaxis, bleeding gums,
organs, or skin hemorrhage), regional lymphadenopathy (>1cm); at least one of: lung rales or
documented dyspnoea, pharyngo-laryngitis, respiratory rate <22/min; an occupation in nature, 5-
year age groups). The initial routine hematological blood laboratory variables included neutrophil
count, lymphocyte count, ratio (Neutrophils/Lymphocytes), AST (GOT), ALT (GPT). The present

models was obtained by backward selection guided by the Bayes information criterion (BIC).
2.5.3 ROC curves

Besides eschar, we found the most relevant predictors of scrub typhus to be: increased
days of fever on admission, regional lymphadenopathy, neutrophil count, ratio of N/L
(neutrophils/lymphocytes), age over 40, and an occupation in nature (Table 2.2). ROC

curves were generated to visualise the performance of these seven variables in
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differentiating between scrub typhus and dengue fever, using mulvariable logistic
regression (M-LR).

When adding eschar into the prediction model, i.e., by setting the probability of scrub typhus
to 1 in patients with eschar, the areas under the ROC curve increased to 0.985 (95%
Cl:0.964-0.994), 0.993 (95% CI: 0.971-0.999) and 0.988 (95% CI: 0.976-0.995) in the
training data set, validation data set and the whole data set, respectively (Figure 2.3: A1,
A2, A3, respectively). When not using the eschar variable, the areas under the ROC curve
for the 6 remaining variables were 0.912 (95% CI: 0.878-0.939), 0.888 (95% CI: 0.842—
0.925) and 0.899 (95% CI: 0.873-0.922) in the training data set, the validation data set and
the entire data set, respectively (Figure 2.3: B1, B2, B3, respectively).
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Figure 2.3 ROC curves-performance of prediction models for scrub typhus as opposed to

dengue fever, using M-LR
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2.5.4 Decision tree analysis

In a second approach, CART analysis was applied to derive binary decision trees for
distinguishing scrub typhus from dengue fever in the full data set (Figure 2.4) Each node of
the tree represents a binary decision and the leaves of the tree are assigned to the diagnosis
of either scrub typhus or dengue fever. In each node, 2 numbers are presented at the
decision node level. The upper number indicates the positive predictive value associated
with the respective node. The higher the probability of patients being scrub typhus, the
darker the color of the node. The bottom number shows the percentage of patients at the
respective node.

If the eschar variable was offered, the resulting tree involved the two variables “eschar” and
“‘days with fever at admission” (Figure 2.4A). At the second decision node level, with
“eschar” being positive, the probability of being scrub typhus is 1 (100%), and this node
accounts for 33% of all patients. Among patients without “eschar” those with seven or more
days of fever on admission had a probability of 50% of being diagnosed with scrub typhus.
They accounted for 3% of the total sample.

When not offering “eschar” variable, the six variables days of fever on admission, regional
lymphadenopathy, lymphocyte count, neutrophil count (without regional lymphadenopathy),
platelet count and “age over 28 years old” were selected by the algorithm (Figure 2.4B). In
detail, patients with =5 days of fever on admission had a probability of 75% of being scrub
typhus — in a cohort of scrub typhus and dengue fever patients. This criterion was satisfied
by 29% of the patients. Moreover, the positive predictive value of scrub typhus increased to
90% for patients who additionally had a neutrophil count = 2.4 (x103%/mm3), and it further
increased to 94% if patients additionally had a platelet count = 47 (G/L).

Thus, we found slight differences between the two alternative approaches: while the CART
tree included “platelet count”, the regression approach resulted in the inclusion of “an
occupation in nature”. Moreover, the “age” cut point in the tree is at 28 years while we had

found a cut-off of 40 years to discriminate well when deriving the regression model.
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Figure 2.4. Regression tree for scrub typhus using the entire data set.

* Panel A: tree obtained when offering the variable “eschar”; panel B: tree obtained when

not offering the variable “eschar”.
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Table 2.3 presents the most relevant predictors of scrub typhus including eschar, regional
lymphadenopathy, an occupation in nature, age, increased days of fever on admission,
increased neutrophil count, decreased neutrophil/lymphocyte ratio, and increased platelet
count, revealed by CART (using R) and by the multivariate logistic regression (LR) approach
(using stata).

Table 2.3. The most relevant predictors of scrub typhus selected by CART (using R) and
by the multivariate logistic regression (M-LR) approach (using STATA).

STRONG PREDICTORS OF SCRUB TYPHUS

1. Eschar

2. Regional lymphadenopathy

3. An occupation in nature*

4. Higher age**

5. Increased days of fever on admission (Nr)

6. Increased neutrophil count

7. Decreased Ratio (Neutrophils/Lymphocytes)a

8. Platelet count =47 G/L #

* Fishing/agriculture/working in forest, only in M-LR
** Age over 40 in M-LR and age over 28 in CART
A Ratio (neutro/lymph) in M-LR and Lymphocytes in CART

#Only in CART

2.5.5 Model validation

The results from the M-LR model, using the set of 7 predictors: eschar, increased days of
fever on admission, regional lymphadenopathy, an occupation in nature, increased
neutrophil count, decreased ratio of N/L (neutrophils/lymphocytes), age over 40 was very
sensitive and very specific for defining scrub typhus (using whole data, sensitivity=93.7%,
specificity=99.5%, Youden=0.932), when directly comparing scrub typhus and dengue fever
groups. The respective values were very similar in the training and the validation data set.

The regression tree generated for scrub typhus with the two predictors eschar and days of
fever on admission had a slightly lower index of Youden (0.919) and a lower specificity
(96.9%), while the sensitivity was slightly higher (95%) (Table 2.4).
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Using data without “eschar” variable

The binary predictor derived from the M-LR model using the six variables increased days
of fever on admission, regional lymphadenopathy, an occupation in nature, increased
neutrophil count, decreased ratio of N/L (neutrophils/lymphocytes), and age over 40 had a
moderate sensitivity (76.3%) but a high specificity (92.3%), providing an index of Youden of
0.686. The area under the ROC-curve defined by the underlying numerical prediction score
was 0.899 (95% CI: 0.873-0.922). Again, the respective statistics were very similar in the
training and the validation data set.

The decision tree algorithm in the entire dataset revealed six predictors: days of fever on
admission, regional lymphadenopathy, neutrophil count, lymphocyte count, platelet count,
age over 28. In the CART, the tree included platelet count and age over 28. In the full data
set, the index of Youden of the decision tree model (0.681) was almost identical to the one
of the regression-based model (Table 2.4).

Table 2.4. Model validation: Accuracy of Scrub typhus Prediction Models derived by

Multivariate Logistic Regression vs. CART

Variables Multivariate Multivariate Multivariate CART #
N N=364 N=244 N=608 N=608
Dataset Training Validation Whole data Whole
Using data with eschar variable

Sensitivity 93.2% 94.4% 93.7% 95.0%
Specificity 99.6% 99.4% 99.5% 96.9%
Positive Predictive Value (PPV) 99.2% 98.8% 99.0% 94.6%
Negative Predictive Value (NPV) 96.3% 96.9% 96.5% 97.2%
Youden 0.928 0.937 0.932 0.919

Using data without eschar variable

Sensitivity 77.3% 74.7% 76.3% 77.4%
Specificity 92.7% 91.6% 92.3% 90.7%
PPV 85.7% 83.3% 84.8% 82.6%
NPV 87.8% 86.6% 87.3% 87.5%
Youden 0.700 0.663 0.686 0.681

* after refitting the prediction model in the whole data set with the six variables: days of fever on
admission, regional lymphadenopathy, an occupation in nature, neutrophil count, ratio
(neutrophils/lymphocytes), and age over 40. For the derivation of the predicted probabilities using
logistic regression, the model without the eschar variable was used as a basis, with the probability
of scrub typhus then being changed to 1 among patients with an eschar.

* Regression tree using R in entire dataset after pruning (Figure 2.4B).
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2.5.6 Relevant findings from the models

2.5.6.1 The model of demographic characteristics, epidemiological

information, clinical variables to predict scrub typhus

In the clinical model derived by M-LR without using the “eschar” variable, the most relevant
clinical manifestation factors to predict scrub typhus were regional lymphadenopathy, days
of fever on admission, an occupation in nature and age over 40. The clinical model worked
well, and with these 4 factors, the area under ROC curve was 0.862 (95%Cl: 0.823-0.896)

in the training data without eschar variable (Table 2.2).

2.5.6.2 The model of the routine hematological blood laboratory variables to

predict scrub typhus

In the M-LR model involving laboratory variables only, the most relevant routine complete
blood count values to predict scrub typhus were neutrophil count and ratio of N/L
(Neutrophils/Lymphocytes). The laboratory model had a higher predictive performance than
the clinical model. The model with these 2 factors had an area under ROC curve of 0.831
(95%CI: 0.790-0.869) in the training data set without without eschar variable (Table 2.2).

2.5.6.3 The model combining demographic characteristics, epidemiological

information, clinical and laboratory variables to predict scrub typhus

Combining the demographic characteristics, epidemiological information, clinical and
laboratory variables, using M-LR, the seven most significant predictors for scrub typhus
were; eschar, regional lymphadenopathy, days of fever on admission, an occupation in
nature, increased neutrophil count, decreased ratio of N/L (Neutrophils/Lymphocytes), and
age >40 years. The model with inclusion of all mentioned variables worked better than the
models including the clinical or routine hematological blood laboratory variables only. With
all of these factors, the area under ROC curve reached 0.988 (95%CI: 0.976-0.995) in the
whole data set when including the eschar variable (Figure 2.3 - A3), and 0.899 (95% CI:
0.873-0.922) when excluding it (Figure 2.3 - B3).

The decision tree algorithm revealed the following seven most important predictors; eschar,
regional lymphadenopathy, =5 days of fever on admission, increased neutrophil count,
increased lymphocyte count, platelet count = 47 G/L, and age >28 years. The tree
demonstrated almost the same accuracy with the multivariate logistic regression analyses
(index of Youden: 0.681 vs. 0.686), when not using the “eschar” variable (Figure 2.4).

2.6 DISCUSSION

Dengue fever is highly endemic in Vietnam, but scrub typhus - although recognized as an
endemic disease - remains underappreciated. Scrub typhus is probably the most prevalent

under-recognized treatable cause of undifferentiated febrile illness in Vietnam [16, 18, 125,
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168]. One of the few clinical studies conducted in the national hospital in northern Vietnam
suggested that up to 40.9% (273/579) of acute undifferentiated fever (AUF) patients had
scrub typhus, after excluding patients with malaria, dengue fever, and typhoid fever,
although this is likely an over estimation due to serological diagnostics and selection criteria
of AUF patients considered as suspected rickettsial infections [125]. Dengue was
responsible for one third (234/2108; 33.6%) of all acute undifferentiated fevers at the
primary health care level in a year [31]. Hence, scrub typhus and dengue together are likely
to contribute to more than half of undifferentiated febrile ilinesses either at national referral
hospital or at primary health care centers. In this study we identified simple predictors to
assist in differentiating scrub typhus from dengue fever using basic clinical and laboratory
parameters in Vietham, to improve the quality of diagnoses and appropriate treatment
strategies at primary health care level.

Following considerations regarding these two acute fevers need to be taken into account in
Vietnam; Firstly, medical staff are not well aware of the potential causes of AUF [22, 31,
130], largely because robust “causes of fever” studies remain limited. Secondly, there is a
strong general awareness of dengue due to the high case numbers and its impact between
2011 and 2018, the involvement of media campaigns, and with the broad availability of
accurate RDTs leading almost to a perception bias towards dengue for any febrile illness in
Vietnam [31]. Thirdly, the diagnostic capacity for scrub typhus (point-of-care and
confirmatory assays) remains difficult and limited, even at the national referral hospital level
[18]. PCR and serology are expensive, require considerable expertise and sophisticated
laboratory equipment and simple RDTs are lacking [30]. Until this is improved, there is an

absolute need for better predictors to inform empirical treatment or management for doctors.
2.6.1 Predictors to distinguish scrub typhus from dengue fever

In a large collection of characterized patients, this study identified predictors for scrub
typhus to be; i) the eschar; ii) regional lymphadenopathy; iii) an occupation in nature; iv) =5
days of fever on admission; v) increased neutrophil count; vi) low ratio of
neutrophils/lymphocytes; vii) platelet count = 47 G/L; and viii) higher age (Table 2.4). In a
Vietnamese cohort of dengue and scrub typhus patients, these predictors can identify scrub
typhus with sensitivity of 93.7%, specificity of 99.5%, with a diagnosis accuracy (ROC curve)
of 0.988 (95% CI: 0.976—-0.995), if an eschar is present in scrub typhus cases. In the case
of no eschar, the sensitivity and specificity of this approach drops to 76.3% and of 92.3%
respectively, with a diagnosis accuracy (ROC curve) of 0.888 (95% CI: 0.878-0.939). This
means that applying these predictors without using any diagnostic test, would strongly

support medical staff in identifying scrub typhus cases (up to 99% if an eschar is found, and

43



89% if not). This also highlights the importance of a thorough clinical examination, especially

as eschars are often hidden in skin folds or the genital areas [169].
2.6.2 Diagnostic considerations for the role of eschars

An underappreciated problem regarding the presence of eschars as a vital diagnostic clue
is that their occurrence can vary broadly across different regions, and that pre-existing
immunity can suppress eschar formation at the mite bite inoculation site [131, 170]. Several
studies in Vietnam revealed eschar prevalence across communities from 18.2% to 46.6%
[18, 125], while reports from other areas in Asia suggest eschar prevalence from 7%—97%
among scrub typhus patients, depending on study site endemicity and study design [6, 145].
It is important to realise that although the presence of an eschar is helpful, many scrub
typhus patients may not have an eschar. Clearly, eschars are not helpful in a setting where
eschars are found in as few as 7% among children, like in southern Thailand [171] or where
the occurrence of eschars is at 18.2% among patients aged 13 years or older in Vietnam
[18]. The prevalence of eschars also depends on the selection criteria of studies — if a study
is centered around eschar presence as an inclusion criterion, a high eschar rate is likely to
be found. In this retrospective study a high presence of eschars in scrub typhus patients
with 93.1% in the 2013-2014 cohort was seen, but only in 52.6% in the 2018-2019 cohort.
It is likely that in the first phase, doctors diagnosed scrub typhus based on eschars leading
to a high eschar rate, while in 2018-2019, after our training of the medical staff, the
awareness about scrub typhus cases without eschar was raised and additional improved
diagnostics were introduced (ELISA assays diagnostics improved, thus leading to a lower
eschar prevalence than before. It is important to consider that patients with spotted fever
group rickettsioses may also present with eschars, and although extremely rare, a local
lesion has been described in murine typhus [18, 125, 171-173], so the “pathognomonic”
role of eschar in scrub typhus diagnosis should be considered carefully. Eschars usually
present within 30 cm below the umbilicus (including the perineal, inguinal, and buttock
areas), under the breasts in female patients and in the axillae/under upper skinfold of
umbilicus of children [6, 173, 174]. Patients are often not willing to reveal these body parts
to doctors, if they are not specifically asked about this - often resulting in missed eschars
due to incomplete examinations [174].

With all above reasons, the importance of the eschar in scrub typhus diagnosis should be
critically considered and if no eschar is found — despite thorough examination — the
remaining 6 predictors or the CART decision tree “without eschar” should be considered as

predictive indicators.
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2.6.3 Decision-supporting predictors based on multivariable logistic regression
vs. CART

The CART analyses including “eschar” (i.e. an eschar was found), revealed after pruning
that developing the tree necessitated two predictors only: “eschar” and “days of fever on
admission”, leading to an index of Youden of 0.911. The application of the regression model
to the entire data set revealed an index of Youden of 0.932 and involved the predictors: i)
increased days of fever on admission, ii) regional lymphadenopathy, iii) an occupation in
nature, iv) increased neutrophil count, v) decreased ratio of N/L (neutrophils/lymphocytes),
and vi) age over 40, in addition to “eschar”. When not using the “eschar” variable, i.e. when
no eschar was found — the regression model involved “an occupation in nature” and “age
over 407, while the CART tree involved “platelet count = 47 G/L” and “age over 28” — in
addition to the same predictors: days of fever on admission, regional lymphadenopathy,
neutrophil, lymphocytes. However, both models resulted in similar accuracy for identification
of scrub typhus (index of Youden: 0.681 vs. 0.686, respectively).

The documentation of “increased days of fever on admission” plays an important role in
predicting scrub typhus. Due to self-treatment or misdiagnosis in community health centers,
scrub typhus patients were likely to visit hospitals later than dengue patients. This can have
an effect on diagnostics due to disease dynamics being characterized by an early
bacteremia (7-10 days) followed by the antibody response — necessitating PCR to be
coupled with a serological test for complete coverage of the diagnostic window [30]. If “an
occupation in nature”, having “regional lymphadenopathy”, increased “days of fever on
admission”, and “age >40 years” were combined, the area under the curve (ROC) was
86.2%. If neutrophils and lymphocytes were added, the AUC increased to 91.2 % (Table
2.2). After further inclusion of “eschar”, the AUC reached 98.5 % (Figure 2.3 A1), meaning
that correct application of these predictors in this cohort can contribute substantially to a
presumptive diagnosis without a diagnostic test.

In this study, we applied two different statistical approaches for deriving a model to
discriminate between scrub typhus and dengue fever; i) multivariable logistic regression (M-
LR) and ii) CART. As results from M-LR, a set of given seven predictors produced a slightly
improved predictive performance when compared with CART analyses (the index of
Youden from M-LR and CART were 0.932 vs 0.911, respectively). The higher index of
Youden of the M-LR approach might be due to starting the model without “eschar” and
correcting the predictions of this model to an ST-probability of 1 in patients with eschar. This
gives other variables a chance to also enter the model while “eschar” overshadows all other
variables in the development of the regression tree. However, when excluding the “eschar”

variable, both models performed similarly (the index of Youden being 0.686 for M-LR vs
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0.681 for CART). The decision tree approach has several advantages over the approach
using logistic regression. The first and most important advantage of a decision tree is that
the derived rules and subgroups of the tree are easy to understand and sequentially lead
the clinician along the branches of the tree to the presumptive diagnosis proposed by the
algorithm [165]. For example, starting from the second level of flowchart in Figure 2.4B, if a
patient has days of fever on admission = 5 days, chances are 74% that he has scrub typhus.
After that, if he has a neutrophil count = 2.4, this increases the probability to 90%. This
probability is increased to 94%, if a platelet count 247 G/L is present. If the regression-
based algorithm is programmed it can also be applied swiftly if the input data are available.
But of course one will then first have to enter all values, which takes longer than just

following the tree visually and decisions can also be obtained very fast.
2.6.4 Translating the findings into the real-world setting

Given the high probabilities of these predictors to make a presumptive diagnosis, they hold
potential to inform a preemptive treatment strategy aiming to reduce complications and
mortality, while creating improved awareness of scrub typhus all along.

These findings will be useful for medical staff working in areas where dengue and scrub
typhus are endemic diseases. A simple medical history, a clinical examination and routine
blood tests are available at primary health care centers, and will contribute to discriminating
a bacterial from a viral disease in the 684 district hospitals and 11.083 community health
centers. Correct application could lead to improved cost-efficiency by reducing medical and
non-medical costs for patients, less unnecessary patient referrals to hospitals. Scrub typhus
is an easily treatable disease with doxycycline which is inexpensive, readily available at
local pharmacy agents and has a favorable age profile [175, 176].

However, the importance of these findings lies in that an improved interpretation of readily
available clinical-laboratory information could accelerate diagnosis and improve empirical
treatment strategies at the primary health care level. Mis-diagnosis can contribute to
antibiotic overuse, which is a substantial problem in Vietnam. Since scrub typhus does not
respond to broadband antimicrobials such as betalactams (especially the common
derivative cephalosporins, which are widely used for undifferentiated febrile illnesses), a
decision algorithm in distinguishing scrub typhus from dengue would inform medical staff to
choose more adequate or targeted treatment strategies to reduce antibiotic overuse (i.e.
doxycycline or macrolides) - especially at the primary health care level [119].

Thus, application of these simple predictors in the correct way holds potential to i) reduce
the delay to treatment initiation; ii) inform on the use of an adequate antimicrobial, iii) shorten
the disease course to reduce complications and fatality rates, as well as iv) improve the

management of uncomplicated fevers and create better awareness of scrub typhus.
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2.6.5 Limitations of the study

The data generated in this study is based on a large cohort of scrub typhus and dengue
fever patients, since these together represent the major current burden of undifferentiated
febrile disease. The findings need to be re-evaluated with a cohort including other co-
endemic febrile illnesses, once more systematic evidence on the causes of undifferentiated
febrile illness (UFI) becomes available. Likely diseases could be leptospirosis, murine
typhus, Q fever, spotted fever group rickettsiae (SFGR), and/or melioidosis. This study has
some limitations. Firstly: this was a retrospective study and the collected data could hold
inconsistencies; secondly: eschar was among the main criteria to define a scrub typhus
suspected case in the 2013- 2014 period thus could contribute to introducing a selection
bias. To counteract this, we enrolled all other undifferentiated fevers (patients with long-
lasting fever over 10 days/undifferentiated fever/used medicine to reduce fever without
effect; dengue/malaria suspected cases with negative dengue/malaria test results) to
minimize losing potential cases and reduce the eschar-positive patient proportion; thirdly:
all of the confirmed scrub typhus were tested for dengue fever and malaria, and co-
infections were not included, however maybe this was not documented in all the cases, and
a prospective study would provide more reliable results. Co-infections of scrub typhus and
other UFI such as leptospirosis, murine typhus, Q fever, SFGR, melioidosis are expected
to be rare, a small chance for co-infections remains. fourthly: Investigations were limited to
dengue, scrub typhus and malaria, while other endemic diseases were not considered (i.e.
chikungunya, zika, lyme, Q fever, spotted fever group rickettsia (SFGR), leptospirosis,
murine typhus, and/or melioidosis). However, epidemiological reports suggest that at
present Vietnam is considered a low-risk area for chikungunya, zika, lyme, Q fever, and
SFGR [17, 22, 177-180]. Leptospirosis and murine typhus have been reported as causes
of UFI in Vietham. Although both diseases do not associate with eschars, they respond to
doxycycline as empirical therapy [22, 125], and clinical mis-classification of these two
diseases as ST has no major therapeutic consequences [181-183]. The presented
algorithms might not reach the accuracy reported if applied to areas with different
epidemiological characteristics (i.e. settings with different risk factor profiles as in more
urban areas), and the algorithms may require adaptation if improvements in dengue/scrub
typhus diagnostic procedures occur. Positive and negative predictive values of the models
need updating if an incidence change of these diseases/the other UFI above occurs over
time; and fifthly, increased liver enzymes (ALT, AST) were described in differentiating scrub
typhus from dengue fever patients previously in Thailand [133]. Although 67% of scrub
typhus cases (148/221) and <1% dengue fever cases (32/387) had elevated liver enzyme

findings upon admission, they were not statistically associated with any predictive power for
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disease differentiation upon admission in the multivariable logistic model of this case-control

study, which included >3 times more patients than the previous report.
2.6.6 Conclusion

Scrub typhus and dengue fever are common sympatric endemic diseases in Vietnam. Basic
clinical findings and routine hematological blood laboratory tests were investigated to
develop a predictor-based clinical decision algorithm. The provided information by this study
supports medical staff in the often challenging clinical decision-process for differentiating
bacterial scrub typhus from viral dengue infections. Application of these simple predictors
(Table 2.1) holds potential to i) improve clinical suspicion of scrub typhus cases; ii) reduce
the delay to treatment initiation; iii) inform on the use of an adequate antimicrobial, iv)
shorten the disease course to reduce complications and fatality rates, as well as v) improve
the management of uncomplicated fevers and create better awareness of scrub typhus.
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2.7.5 What next?

There is a need to implement better diagnostics for rickettsial illnesses (scrub and murine
typhus — possibly SFG rickettsiosis) — these are difficult because they are still often based
on the indirect fluorescent antibody (IFA) test — and to support the important transition to
rapid diagnostic tests (RDTs) and ELISAs [30].

Until more simple and accurate diagnostic tests are available and appropriately validated,
the use of clinical and routine laboratory predictors in the decision process for empirical
antibiotic treatment will be important — and also increasingly to train and improve medical
staff awareness of the problem.

Here is the first paper of Hanh Thi Duc Tran’s publication series on scrub typhus in Vietnam.
A recent paper presented risk factors to help preventing scrub typhus at the community
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health care level; next she will evaluate the diagnostic accuracy of RDTs and ELISAs for
scrub typhus in Vietham and follow up with an evaluation on the implemention of these

elements in the endemic scrub typhus setting of Central Vietnam.
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3.1 ABSTRACT

Background: The risk factors for scrub typhus in Vietnam remain unknown. Scrub typhus
caused by Orientia tsutsugamushi often presents as an undifferentiated febrile illness and
remains under appreciated due to the limited availability of diagnostic tests. This tropical
rickettsial illness is increasingly recognized as an important cause of non-malaria acute
undifferentiated fever in Asia. This study aimed to investigate behavioural and ecological
related risk factors of scrub typhus to prevent this potentially life-threatening disease in
Vietnam.

Methods: We conducted a clinical hospital-based active surveillance study, and a
retrospective residence-enrolment date-age-matched case-control study in Khanh Hoa
province, Vietnam, from August 2018 to March 2020. Clinical examinations, PCR and
ELISA IgM tests were applied to define cases and controls. All enrolled participants filled
out a questionnaire including demographic socio-economic status, personal
behaviors/protective equipment, habitat connections, land use, and possible exposure to
the vector. Multivariable conditional logistic regression was used to define the scrub typhus
associated risk factors.

Results: We identified 44 confirmed cases and matched them with 152 controls. Among
cases and controls, the largest age group was the 41-50 years old and males accounted
for 61.4% and 42.8%, respectively. There were similarities in demographic characteristics
between the two groups, with the exception of occupation. Several factors were significantly
associated with acquisition of scrub typhus, including sitting/laying directly on household
floor [adjusted OR (aOR) = 4.9, 95% CI: 1.6-15.1, P = 0.006], household with poor
sanitation/conditions (aOR = 7.9, 95% CI: 1.9-32.9, P = 0.005), workplace environment with
risk (aOR = 3.0, 95% CI: 1.2-7.6, P = 0.020), always observing mice around home (aOR =
3.7,95% CI: 1.4-9.9, P=0.008), and use of personal protective equipment in the field (aOR
=0.4,95% CI: 0.1-1.1, P=0.076).

Conclusions: Ecological and household hygiene-related factors were more associated
with scrub typhus infection, than individual-level exposure activities in the hyper-endemic
area. These findings support local education and allow people to protect themselves from
scrub typhus, especially in areas with limitations in diagnostic capacity.

Keywords: Ecological, Environmental, Behaviour, Risk factor, Scrub typhus, Orientia

tsutsugamushi, Vietnam
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3.2 BACKGROUND

Scrub typhus is a zoonotic infectious disease caused by Orientia spp. Humans can be
exposed to this bacterium through bites of infected larval-stage trombiculid mites, which are
found in rodents of forests and rice fields across the Asia-Pacific region [184-187].
Trombiculid mites have a metamorphosis life-cycle; Female mites lay fertilised eggs in soil,
from which 5-7 days later, 6-legged larva (chigger) hatch. These chiggers display host-
seeking behaviour by forming clusters on leaves, grasses and twigs above soil surface, and
can survive in outdoor environments for weeks-months without a vertebrate host. Chiggers
have a large variety of hosts, including maintenance hosts i.e. small mammals (rodents and
shrews), ground-dwelling birds, and incidental hosts i.e. larger mammals including humans.
Only monkeys, gerbils, hamsters and humans are known to suffer clinically from scrub
typhus [62-64, 184]. In severe cases, the disease can progress to multi-organ failure, with
pathologic lesions in lungs, kidneys, liver, and brain [188-190]. Absence of eschars, the scrub
typhus-specific symptom, makes clinical diagnosis challenging. Currently, standard
confirmation tests are for scrub typhus antigen polymerase chain reaction (PCR) and for
serologic diagnosis the indirect immunofluorescence assay (IFA) [191]. However, laboratory
diagnosis shortly after infection remains difficult, as antibodies do not reach detectable levels
for 5—10 days after onset, and the level of Orientia bacteria in the blood for PCR, only reaches
detectable levels during acute episodes and is inapparent after appropriate initial antibiotic
treatment [192, 193]. Therefore, scrub typhus is often misdiagnosed, especially in low-middle
income countries with limited laboratory capacity [145].

Scrub typhus is a severe public health problem, with one billion people at risk globally,
causes an estimated one million cases every year, and has became a leading cause of
treatable non-malarial febrile illness [41, 145]. Scrub typhus is a serious public health
problem in the Asia-Pacific [194]. In Vietnam, scrub typhus is re-emerging after 40 years of
neglect [17]. Only sporadic cases were registered after 1970. However, in 1995, 45 scrub
typhus patients were reported in Quang Ninh province, and 449 patients from 2000 to 2002
[195]. Nadjm et al. (2014) reported 255 confirmed cases from 24 northern provinces referred
to the National Hospital of Tropical Diseases between 2001 and 2003 [16]. Khanh Hoa
province confirmed 125 scrub typhus cases per year in 2013/2014, resulting in an estimated
incidence of 1.1 per 10 000 [196]. However, laboratory capacity for scrub typhus diagnosis
in Vietnam is not yet designated to cope with increasing numbers. Due to late diagnosis
and treatment, Bach Mai national hospital estimated a complication rate of 17% and a
mortality rate of 1.2% among 251 confirmed patients in 2003 [16, 197].

Epidemiological and ecological information on scrub typhus is very scant in Vietnam. Given
the transmission of the bacteria via chiggers, factors at the community level need to be
considered to prevent scrub typhus: household sanitation, household/working
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surroundings, agricultural activities and personal protective measures during outdoor
activities [38, 198, 199]. As crop fields are an important reservoir for chiggers, farmers are
considered a high-risk group for scrub typhus [200]. However, the study in Khanh Hoa in
2013 showed patients with different occupations, including farmers (32%), students (10%),
private industry workers (7%), administrative staff (4%), and 1 to 5% other professions:
gardeners, traders, housewives, manual laborers, retirees, tour guides and soldiers [201].
These diverse findings suggest that behavioral risk factors associated with living and
working environments in endemic areas are more relevant than occupation. Up to date, no
further analyses on behavioral factors were performed in Vietnam.

There is an urgent need to gain a better understanding of disease transmission among
humans within their ecosystem to make recommendations on practical preventive
measures and fostered case-detection - this study aimed to investigate behavioural and

ecological related risk factors of scrub typhus.

3.3 METHODS

3.3.1 Study site

The study took place in Khanh Hoa from August 2018 to March 2020. Khanh Hoa (Latitude
12°N and Longitude 109°E) is in coastal South Central of Vietham. The population was 1.2
million residents (2019) [202], in 9 districts/townships. The coastal line is 385 kilometers
with many lagoons, bays, and islands.. Forests and hilly landscapes cover more than half
of province. Khanh Hoa is one of the few provinces with a higher gross product from fishing
than from agriculture. The tropical savanna climate allows perennial grasses to grow all
year, leads to an open shrub layer [203], suitable environment for chigger abundance and
scrub typhus transmission.

There are 12 hospitals in Khanh Hoa: 11 public hospitals [Khanh Hoa Provincial Hospital;
Ninh Hoa Hospital (Provincial Hospital Branch), Khanh Hoa Hospital for Tropical Diseases;
and 8 district hospitals and Military Hospital 87. Nha Trang Pasteur Institute (IPN) located
in Khanh Hoa is one of two Pasteur Institutes in Vietnam, operating directly under authority
of the Vietnamese Ministry of Health. Khanh Hoa is known to be endemic for scrub typhus
for over 50 years. Scrub typhus was reported among United States Air Force personnel in
Khanh Hoa in 1969 [149]. In 2013—2014, 125 confirmed cases per year occurred in 8 of the
9 districts [149, 196].
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3.3.2 Study design

We investigated scrub typhus risk factors using a hospital-based clinical active surveillance,
and a retrospective residence-enrolment date-age-matched case-control study to

determine risk factors and protective measures associated to disease.
3.3.2.1 Hospital-based clinical surveillance

Active surveillance was done at the Military Hospital 87, and 10 of 11 public hospitals of
Khanh Hoa, excluding Truong Sa Island district hospital due to accessibility.

All clinical diagnoses during hospitalization admission were made by trained local
physicians following suspected acute scrub typhus case definition (Table S3.1). All patients
satisfying criteria were asked for their informed consent to be enrolled. Demographic and
clinical data was collected with standardized questionnaires by trained health staffs. Blood
specimens were collected from all enrolled patients at admission and discharge [each 2
tubes, with and without Ethylenediaminetetraacetic acid (EDTA)]. Using EDTA blood
samples, buffy coat and plasma centrifugation (616 x g during 15 minutes) was conducted
within 24 hours by trained technicians and stored at 2—8°C in the hospital laboratory of [152],
before transfer to IPN, for PCR and enzyme-linked immunosorbent assay (ELISA) [152]. All
samples were labeled with the subject’s unique identification number (ID) and preserved in

-a -20°C freezer at the Department of Microbiology and Immunology until further processing.
3.3.2.2 Case-control study and sample size

For each confirmed acute scrub typhus case (Table S3.1), residence-enrolment date-age-
matched controls were enrolled upon their informed consent.

Using Stata software version 14.0 (StataCorp, Texas, USA), we initially calculated a sample
size of 128 cases and 512 controls for a matched case-control study, to detect a true odds
ratio of 0.5 with 90% power at the 5%-significance level. Taking a ratio of cases and controls
of 1:4, a prevalence of exposure (wearing a long-sleeved shirt/trousers for outdoor
activities) of 66% among controls and a correlation of exposure between cases and control
(rho) of 0.2 were assumed. Facing difficulties with enrolment of cases and controls due to
COVID-19 pandemic, we adjusted our calculation and aimed for a more common 80%
power. We calculated that 50 cases and 200 controls would be sufficient to detect an odds
ratio of 0.4 with 80% power using the same set of assumptions.

For each confirmed case, we enrolled four matched controls: two hospital and two
community controls. The inclusion and exclusion criteria of cases and controls were
according to the Vietnam national guideline on diagnosis and treatment of infectious
diseases 2016 [204] (Table S3.1).

Hospital and community controls were defined as residents with no acute scrub typhus,
without fever or with fever = 4 days. The 4 day criteria accounted for sufficient time to
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develop a detectable IgM titer increase [1]. Based on evidence of macro-level factor effects
on scrub typhus exposure risk, i.e. provincial climate (dry/rainy seasons), the controls were
enrolled no longer than 1 month since the date of the case confirmation.

To prevent overmatching, hospital controls were selected in the same district as the case,
however from any other commune than the case’s commune. Regarding community controls,
for each confirmed case, a list of community controls was prepared by the commune health
center, including all eligible persons living around the case household within 500 meters, but
not next door [64]. Two persons randomly chosen from the list were invited to participate and
asked for their informed consent. At time of enrolment, blood samples were taken with the
same sampling/storage procedure as described for suspected cases.

Using a residence-enrolment date-age-matched case-control study to determine disease
risk factors allowed to minimise effects of ecological confounders related to residence such
as mice density, changes of humidity, rain, temperature affecting chigger abundance, its
chance to stick on people, and therefore changing exposure probability of people.
Enrolment within one month limited changes in households’ (HH) context and conditions.
Age-matched case-control design helped to control potential confounders related to age
such as typical work activities, occupations, behavior routines among each age group.
While persons in the same communes (case-community controls) were likely to share some
same working behaviours and personal protective equipment (PPE) wearing routines, the
case-control design for both hospital and community controls was thought to address
disadvantages of case—community controls while testing risk factors based on varied
behaviours and household contexts across different areas.

3.3.3 Laboratory diagnostic assays

Buffy coat and plasma specimens from cases and controls were tested at IPN, using semi-
nested PCR for Orientia spp. and using the immunoglobulin M (IgM) enzyme linked
immunosorbent assay (ELISA), (Scrub Typhus Detect™ IgM ELISA, InBios International
Inc., Seattle, WA, USA) for detection of antibodies to O. tsutsugamushi antigens.

PCR assay: A novel in-house semi-nested PCR on buffy coat, developed by IPN, was used
for detection of partial 56-kDa outer membrane protein gene of O. tsutsugamushi [152].
Primers  included 2 forward primers with the sequence of (F1):
CAATGTCTGCRTTGTCRTTG; (F2): CCKTTTTCIGCTRGTGCGATAG and one reverse
primer with sequence of (R): ATAGYAGGYTGAGGHGGYGTAAG. PCR was done with
specimens of 114 suspected cases with peripheral blood mononuclear cells (PBMCs)
samples (10 suspected cases without PBMCs).

ELISA assays: The Scrub Typhus Detect IgM ELISA (part no. 500242, Lot no. XM5033;
InBios International Inc., Seattle, WA, USA) was used for 395 serum samples of 114
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suspected cases (95 paired sera hospital admission and discharge, and 19 single
admission sera), 103 hospital controls, and 83 community controls. The ELISA used
recombinant p56kD type specific antigens of O. tsutsugamushi Karp, Kato, Gilliam, and
TA716 strains to detect scrub typhus IgM antibodies. The manufacturer's manual was
followed exactly. All sera were tested at a 1:100 dilution and the absorbance measured at
450 nm using a microplate reader to give a final optical density (OD@450 nm) result. The
test kit was validated for diagnosis of acute scrub typhus in Asian countries [154, 155]. The
OD positivity cut-off titer of 0.8 was used — this had previously shown a sensitivity of 91.5%,
specificity of 88.3% for admission samples, and SE 69.8% and SP 89.5% for convalescent

samples in another study under comparable conditions [155].
3.3.4 Building the questionnaire

The individual questionnaire was built on framework of landscape determinants of disease
transmission [205]. The same questionnaire was applied to cases and controls. Participants
were asked about 5 main items composed of several specific topical questions: i) socio-
economic status, ii) behaviors related to land/sand/soil/grass/bushes and their PPE, iii)
species’ habitat connections, vi) land use, and v) vector contact (Figure S3.1).

To develop knowledge around the 5 topics, 12 in-depth interviews with two local scrub
typhus epidemiologists, four heads of community health centers (where scrub typhus cases
occurred the past years) and six residents (farmers, forest workers, governmental officers)
explored local cultivation routines, farming seasons, PPE for daily working use, outdoor
activities, and local languages. Following this contextualized “daily-life” assessment, a

structured questionnaire and an environment observation checklist were constructed.
3.3.5 Pre-testing and revision of the questionnaire

The questionnaire was pretested with 30 residents including former scrub typhus patients.
The questionnaire was revised according to i) specificity of questions, ii) understandability
and clearness, iii) order (reflecting a daily life cycle), iv) suitability with local context, v) jumping
questions, vi) language, and vii) duration of interview. Few cross-check questions were
designed information quality checks. Data from pre-testing was not included in our study. The
final questionnaire included a total of 96 questions and took about 40 minutes to complete

(30 minutes for questions and 10 minutes for the environment observation checklist).
3.3.6 Data collection

Interviews with cases were conducted within 30 days after laboratory confirmation. In
parallel, controls were enrolled, tested and interviewed. Data collectors worked at the
Department of Epidemiology, IPN, and the team of four all had experiences from the study
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in 2014 [206]. A trained laboratory technician joined the field data collection team. Every
day, the data supervisor checked total numbers and content of all (paper-based) forms
collected. Incomplete forms were completed by the data collector or after re-contacting the
participants. This was the case in a total of 10% of questionnaires.

Coordinates of all participants’ households were collected using a short form built in Open
Data Kit (ODK) on Android devices (Samsung table) [159], before uploading at

http://sg.smap.com.au/. GPS accuracy was set up + 5 meters.

3.3.7 Data management and quality

The unique ID included a group ID. The composite code was cross checked. The completed
questionnaires were double entered by 2 independent data entry clerks, using Epi data 3.1
(EpiData Association, Odense M, Denmark). After that the data was compared using Epi
data 3.1 Mismatches were corrected case by case using Stata 15.0 (StataCorp, Texas,

USA) to have a clean dataset.
3.3.8 Statistical analyses

3.3.8.1 Generating new variables

Five PPEs for field work (socks, boots, long/extra shirt, long/extra trousers, and gloves)
were in 2 questions: one binary, and one on the frequency of use on a range from 1 to 10
that was further categorized to the binary variable “use of PPE in the field”. “Use of PPE in
the field” meant that the person used all 5 PPEs with a minimum frequency of 5/10 times
when working in the field.

We used a pre-specified meaningful grouping algorithm to combine related exposure
variables into a single binary or ordinal composite variable: a) “field work group”, b) “work
around house group”, c) “household (HH) with poor sanitation/conditions”, d) “HH
surroundings with risk” and e) “workplace environment with risk”. The key risk habitats for
the presence of infected chiggers in Southeast Asia were (i) forests, bushes, shifting
cultivation area, and (ii) water meadows including grassy edges of water bodies and
seepages in drier areas [64, 79, 80, 207-209]. All participants/HH/workplace environment
characteristics that related to at least to one of these key risk habitats and were defined as
the highest risk group. The others were defined as lower risk groups.

In detail, “field work group” was generated as an ordinal composite variable with 5 sub-
groups from highest to lowest risk, including: i) work in forest/hilly field and others, ii) work
in vegetable garden and others (except forest/hilly areas), iii) work in sugar cane/crop/rice
field and others (except forest/hilly areas/vegetable garden), iv) work in fruit/industrial tree
gardens and others (except forest/hilly areas/vegetable garden/sugarcane/crop/rice field),

and v) no work related to land/sand. By the same way, “work around house group” was
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created as an ordinal composite variable with 5 sub-groups, containing: i) watering
plants/bonsai or carpenting and others, ii) cleaning around house and others (except
watering plants/bonsai or carpenting), iii) clearing bushes/barns and others (except watering
plants/bonsai, carpenting, cleaning around house), and iv) no activities around house. “HH
with poor sanitation/conditions”, the binary composite variable, was generated as HH with
at least one of following characteristics: bushes within 5 meters, a mud yard, a mud house
floor, or drainage on yard. Two other binary composite variables, “HH surroundings with
ri