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ABSTRACT

We explored the self-reported antibiotic stewardship (AS), and infection prevention and control (IPC) ac-
tivities in intensive care units (ICUs) of different income settings. A cross-sectional study was conducted
using an online questionnaire to collect data about IPC and AS measures in participating ICUs. The study
participants were Infectious Diseases-International Research Initiative (IDI-IR) members, committed as per
their institutional agreement form. We analyzed responses from 57 ICUs in 24 countries (Lower-middle
income (LMI), n = 13; Upper-middle income (UMI), n = 33; High-income (HI), n = 11). This represented (~5%)
of centers represented in the ID-IRI. Surveillance programs were implemented in (76.9%-90.9%) of ICUs with
fewer contact precaution measures in LMI ones (p = 0.02); (LMI:69.2%, UMI:97%, HI:100%). Participation in
regional antimicrobial resistance programs was more significantly applied in HI (p = 0.02)
(LMI:38.4%,UMI:81.8%,HI1:72.2%). AS programs are implemented in 77.2% of institutions with AS champions
in 66.7%. Infectious diseases physicians and microbiologists are members of many AS teams (59%&50%)
respectively. Unqualified healthcare professionals(42.1%), and deficient incentives(28.1%) are the main
barriers to implementing AS. We underscore the existing differences in IPC and AS programs’ im-
plementation, team composition, and faced barriers. Continuous collaboration and sharing best practices on
APM is needed. The role of regional and international organizations should be encouraged. Global support
for capacity building of healthcare practitioners is warranted.

© 2022 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences.

CC_BY_NC_ND_4.0

1. Background

Antimicrobial resistance (AMR) impends the practice of modern
medicine[1]. By 2050, AMR is expected to cause 10 million deaths
each year worldwide, leading to increased healthcare expenditures.
In hospitals, core antimicrobial resistance prevention measures
(APM) include antibiotic stewardship (AS), and infection prevention
and control (IPC) programs [2]. These measures can help in curbing
AMR [3,4] and limit the spread of multidrug-resistant micro-or-
ganisms (MDROs) [5].

Earlier global reports addressed differences between countries
either in AS programs [11] or IPC programs [6,9], with a paucity of
data about APM from LMICs, despite the high burden of AMR pro-
blem in these countries|7]. Continuous emphasis on addressing the
variability of APM to understand differences, and find solutions for
regional AS is warranted [8]. We explored the self-reported anti-
microbial resistance prevention measures; IPC and AS comparing
data in ICUs from different income settings.
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2. Methods

This prospective cross-sectional study was conducted by the
Infectious Diseases - International Research Initiative (ID-IRI); a
network for clinical research on infectious diseases, and clinical
microbiology (https://infectdisiri.com/). A self-administered online
questionnaire was developed from published checklists [10]
(Supplement 1), including IPC, and AS activities in intensive care
units (ICUs). A Study Protocol-Invitation Letter informed all ID-IRI
members. Researchers who committed, as per the institutional
agreement form, to collaborate were eligible for participation. Par-
ticipating centers were categorized as lower-middle-income (LMI),
upper-middle-income (UMI), and high-income (HI)[11]. Data were
analyzed by SPSS, version22(Armonk, NY: IBM Corp.). Detailed pro-
file of the multidrug resistant organisms isolated from the in-
vestigated ICUs has been published earlier [12]. Categorical
qualitative variables were expressed as absolute and relative fre-
quencies; number and percentage. Categorical data were compared
using Chi-square test. All tests were two sided. p-value < 0.05 was
considered statistically significant.
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Table 1
Infection prevention and control measures for MDROs at participating centers.
IMI(n=13) UMI(n=33) HI(n=11) p
Surveillance for MDRO
Hospital has a surveillance program to monitor MDROs 10 (76.9%) 30 (90.9%) 10 (90.9%) 0.311
The facility has an in-house microbiology lab 12 (92.3%) 23 (69.7%) 9 (81.8%) 0.148
Hospital participates in regional AMR prevention programs 5(38.4) 27 (81.8) 8(72.2) 0.002
Hospital has a list of MDROs for which Contact Precautions should be instituted 9(69.2) 32(97) 11 (100) 0.02
Hospital uses surveillance data to implement corrective actions 10 (76.9) 26 (78.8) 8(72.2) 0.704
Infection control measures/supplies for MDROs
Single rooms are used preferentially for patients with target MDROs 0(76.9) 22 (66.7) 10 (90.9) 0.241
Hospital has a competency-based training program for hand hygiene 0(76.9) 27 (81.8) 9 (81.8) 0.895
Hospital regularly audits adherence to hand hygiene 10 (76.9) 24 (72.7) 8(72.2) 0.827
Hospital provides audits feedback for hand hygiene compliance 8 (61 6) 25 (75.8) 7 (63.6) 0.265
Hand hygiene supplies are accessible in-patient care areas 1(84.6) 33 (100) 11 (100) 0.168
Hospital has a competency-based training program for environmental cleaning 0(76.9) 27 (81.8) 7 (63.6) 0.442
Hospital has policies for cleaning and disinfection 1(84.6) 22 (66.7) 7 (63.6) 0.186
Hospital regularly audits adherence to cleaning and disinfection procedures 0(76.9) 27 (81.8) 6 (54.5) 0.175
Hospital provides audits feedback for cleaning and disinfection compliance. 0(76.9) 27 (81.8) 5 (45.5) 0.05
Hospital has a competency-based training program for use of PPE 1(84.6) 24 (72.7) 7 (63.6) 0.274
Hospital provides audits feedback for PPE use compliance. 9 (69.2) 20 (60.6) 4 (36.4) 0.159
Contact precaution supplies are available near point of use. 10 (76.9) 29 (77.9) 11 (100) 0.298
Hospital has policy to dedicate reusable medical equipment to patients with epidemiologically important MDROs 9 (69.2) 25 (75.8) 8(72.2) 0.834
when possible.
Patients with invasive devices are assessed, at least daily, for continued need for the device. 8 (61.6) 28 (84.8) 10 (90.9) 0.123
Identification and Communication of MDRO infected patients
Hospital has mechanisms for timely notification of responsible staff when novel or targeted MDROs are detected. 8 (61.6) 28 (84.8) 8 (72.7) 0.142
Hospital has a system in place to identify patients at risk for MDROs. 7 (53.8) 18 (54.5) 5 (45.5) 0.810
Hospital has system to identify patients with targeted MDROs at readmission so appropriate precautions can be 4 (30.8) 17 (51.5) 5(45.5) 0.558
applied.
Hospital has a system for intra-facility communication to identify infectious status and isolation needs of patients 8 (61.6) 21 (63.6) 7 (63.6) 0.970
prior to transfer within the hospital
Hospital has systems in place for inter-facility communication to identify infectious status and isolation needs of 5 (38.4) 19 (57.6) 7 (63.6) 0.520

patients prior to transfer to other facilities.

LMI: Lower-middle income, UMI: Upper middle income, HI: High Income., MDRO: Multidrug resistant organisms, PPE: personal protective equipment, AMR: Antimicrobial

resistance.
3. Results

Fifty-seven participating ICUs representing 24 countries from
various geographical regions submitted their data [Supplement 2
and 3]. Approximately there are more than 1000 centers represented
in the ID-IRI. When the research call was released 57 (~5%) of them
were willing to join. Different economic levels were represented:
LMI (n = 13), UMI (n = 33), and HI (n = 11).

Most of the investigated centers have running surveillance pro-
grams and used such data to implement corrective actions.
Statistical significant differences are reported for joining regional
AMR prevention programs (p = 0.002) and having a list of targeted
MDROs for which contact precautions should be initiated (p = 0.02).
Timely notification by the microbiology laboratory to responsible
staff (e.g., clinicians, IPC) when novel/targeted MDROs were isolated
had been established in most participating centers (61.6%-84.8%).
Lower rates were reported for the identification of patients at risk of
developing MDROs and for readmission of MDROs-infected patients.
Inter- and intra-facility communication are functional in many
centers [Table 1]. 44/57 institutions (77.2%) implemented AS pro-
grams (Table 2).

AS champions were either infectious diseases (ID) physicians (23/
38, 60.5%), microbiologists (6/38, 15.8%), pharmacists (5/38, 13.2%),
or physicians with interest/experience in ID (4/38, 10.5%). AS teams’
composition: ID physicians and microbiologists are present in many
teams (26/44, 59% & 22/44, 50%, respectively). Lower rates are re-
ported for other physicians (15/44, 34%), pharmacists (16/44, 36.4%),
epidemiologists (8/44, 18.2%), managers (6/44, 13.6%), and IPC nurses
(6/44, 13.6%). In LML, (7/9, 77.9%) of teams comprised primarily of
microbiologists, pharmacists, physicians, and IPC nurses. In UM]I,
teams include: microbiologists (9/26, 45%), epidemiologists (7/26,
35%), and pharmacists (4/26, 20%). In the nine HI settings, micro-
biologists and pharmacists were included in (55.6%-77.8%) of the
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teams. The reported barriers to AS programs were unqualified
healthcare (24/57, 42.1%), deficient incentives, and resources (16/57,
28.1%), and inefficient inter-professional interactions (7/57, 12.3%).

4. Discussion

Most participating centers have functional IPC and AS programs.
This is encouraging given the fundamental importance of these
programs for APM. Hence, we underscore the existing differences in
programs implementation, team composition, and faced barriers.

Surveillance programs were running in most centers, with sig-
nificantly fewer contact precaution measures implemented in LMI
settings. Similar results were reported earlier [13]. The situation in
limited-resource settings is challenging to accomplish due to the
changes in workflow necessitated by this type of isolation [2,14]. We
noted a significant discrepancy between different income settings
for participation in regional Antimicrobial resistance prevention
programs: HI and UMI settings participated at a much higher rate
compared to LMI. A formal regional organization may help small
countries with limited human and professional resources to pool
their reserves collectively with more empowerment for individual
ones [7]. Knowledge exchange through international and national
platforms could play a critical role.

Surprisingly, no significant differences were between different
income levels, and IPC elements were recorded. Prior studies have
revealed that IPC programs were habitually weak in LMI countries
due to financial limitations and lack of structured support; even
when present, adherence is often limited [15]. The sampling tech-
nique could justify this, as we enrolled the institutions based on the
willingness of ID-IRI members.

The investigated hospitals are in need to consider their readiness
to cope with the influx of MDROs-infected patients, e.g., by offering a
consistent identification system rather than discrete efforts. Our
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Table 2
Antimicrobial stewardship programs within the participating facilities.
IMI(n=13) UMI(n=33) HI(n=11) p

Presence of identified AS program 9 (69.2%) 26 (78.8%) 9 (81.8%) 0.798
Presence of AS program champion 9 (69.2%) 20 (60.6%) 9 (81.8%)
Access of AS team to antimicrobial use data 9 (69.2%) 21 (63.6%) 8 (72.2%) 0.880
Annual AS team review of the facility’s formulary 7 (53.8%) 16 (48.5%) 8 (72.2%) 0.476
The facility has defined criteria for use of restricted antimicrobials 9 (69.2%) 19 (57.6%) 9 (81.8%) 0.389
The facility developed an antibiogram 11 (84.6%) 20 (60.6%) 9 (81.8%) 0.153
Microbiology testing results are communicated to providers 10 (76.9%) 27 (81.8%) 11 (100%) 0.396
The facility has guidelines and clinical pathways for antimicrobial treatment of common infectious syndromes 10 (76.9%) 18 (54.5%) 9 (81.8%) 0.158
Antimicrobial prescribing is revised by ID/clinical pharmacist 8 (61.6%) 19 (57.6%) 8 (72.2%) 0.783
Parenteral-to-oral conversion opportunities are communicated to prescribers in a timely manner 7 (53.8%) 8 (24.2%) 5 (45.5%) 0.114
The facility has computer physician order entry (CPOE) 6 (46.2%) 21 (63.6%) 7 (63.6%) 0.285
The facility monitors adverse events associated with antimicrobials 8 (61.6%) 16 (48.5%) 3(27.3%) 0.162

LMI: Lower-middle income, UMI: Upper-middle income, HI: High income, AS: Antibiotic stewardship, ID=infectious diseases physician.

results showed timely notification by the microbiology laboratory to
IPC staff and clinicians when any MDRO isolate existed. Yet, a system
to identify patients at risk of developing or being infected with
targeted MDROs at readmission so that appropriate precautions
could be applied was low. Earlier studies have revealed the im-
portance of access to trained IPC practitioners to assist in the im-
plementation and monitoring of infection control measures [16].
Good communication between the IPC team and other healthcare
teams is essential to identify patients’ needs before transfer [17].

In this study, 77.2% of the institutions had an AS use program, as
previously published [13]. Re-consideration of the AS teams’ con-
struction is warranted. Infectious diseases (ID) physicians take part
in the management of a significant portion of primary patients of
other medical specialties and their importance in AS has long been
known. Unfortunately, they are not available in most LMI settings
[18]. Given the wide range of staff categories involved in stewardship
in limited-resource settings, formal or on-the-job training on anti-
biotics and stewardship must be highly encouraged for the stew-
ardship leads to ensure they are prepared to manage an AS program
[19]. Notably, AS teams were well constructed in ~80% of LMI set-
tings. Remarkably, the epidemiologists are absent from a majority of
high resource settings despite their crucial role in driving efforts in
healthcare AS. Similarly [2,20], We reported incompetent healthcare
professionals and the lack of adequate incentives and resources as
the primary barrier to AS program.

A strength of our methodology was the usage of a standard
questionnaire for all hospitals, which allowed uniformity in com-
parisons across different settings. However, the use of convenience
samples could interfere with the generalizability of data and may
lead to an imperfect picture of APM within certain countries. The
subjectivity of a self-reported questionnaire remains the main lim-
itation of the study. We tried to overcome this by disseminating a
clear definition of all requested items in the questionnaire, and in
case of bizarre results we contacted the corresponding investigator
to discuss such findings. However, we shed some light on many
differences in APM notably in surveillance programs, joining re-
gional antimicrobial resistance programs, stewardship team com-
position, and inter-professional communication. Low-, middle-, and
HI countries should collaborate and share best practices on APM. The
role of regional and international organizations should be en-
couraged. Global support for capacity building of healthcare practi-
tioners and proper allocation of resources are warranted.

Appendix A. Supporting information

Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.jiph.2022.07.009.
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