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Abstract:

Multidrug-resistant (MDR) sepsis poses an escalating global health threat, particularly in intensive care units (ICUs)
where vulnerable patient populations are at heightened risk due to frequent invasive procedures, immunosuppression,
and prolonged hospitalization. This review explores the global burden and rising prevalence of MDR sepsis among ICU
patient population, with a specific focus on challenges and implications in Bangladesh. Ventilator-associated
pneumonia (VAP), catheter-associated urinary tract infections (CAUTIs), and central-line-associated bloodstream
infections (CLABSIs) are identified as the predominant ICU-acquired infections contributing to MDR sepsis. This
review highlights alarming rates of antimicrobial resistance (AMR) among Gram-negative and Gram-positive
pathogens, with Bangladesh reporting disproportionately higher resistance levels compared to global trends.
Inadequate antimicrobial stewardship, poor infection prevention and control (IPC) practices, and lack of robust
regulatory oversight exacerbate the crisis in resource-limited settings like Bangladesh. Furthermore, the review
emphasizes the importance of adopting a multidisciplinary and One Health approach, strengthening surveillance
systems, enhancing IPC infrastructure, reforming medical education, and raising public and political awareness.
Addressing MDR sepsis in Bangladesh demands urgent policy-level interventions, international collaboration, and

sustainable investment in healthcare capacity building to mitigate this silent yet deadly epidemic.
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Introduction:

Across the globe, healthcare systems grapple with the
challenges posed by sepsis, a life-threatening condition
resulting from a dysregulated host response to infection.
Sepsis claims the lives of 11 million individuals annually and
leaves millions more incapacitated.! When this infection
caused by a multi-drug resistant (MDR) organism that adds an
extra layer of complexity on sepsis, rendering conventional
treatments ineffective and exacerbating the already critical
condition of patients.” Patients infected with MDR bacteria
exhibited notably higher mortality.> MDR sepsis was
associated with worse clinical outcomes, prolonged hospital
stays and nearly twice the hospitalization costs in contrast to
the non-MDR group®. The European Union estimated that
over 35,000 individuals succumb annually due to infections
caused by antibiotic-resistant bacteria.’ The global prevalence
of MDR sepsis raised over time.*’

We know that globally ICU patient population is more
vulnerable to hospital-acquired infection(HAI) due to the high
prevalence of invasive procedures and devices, induced
immunosuppression, comorbidity, frailty and increased age,
moreover HAIs in ICU patient population exhibit high
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mortality and morbidity.® Intensive care units (ICUs),
particularly in tertiary care facilities, tend to exhibit a higher
frequency of infections caused by multidrug-resistant
organisms (MDROs) compared to settings outside the ICU.?
So the invisible threat of multidrug-resistant (MDR) sepsis
among ICUs poses a significant challenge for healthcare
facilities that needs immediate attention.

The purpose of this review is to understand the global MDR
sepsis load among the ICU patient population, comparison of
the findings with Bangladeshi ICU patient population,
specific challenges for Bangladesh in combating this health
threat and potential solutions.

Dimension of MDR Sepsis: Global perspective

Ventilator associated pneumonia (VAP), Catheter associated
urinary tract infection (CA-UTI) and Central-line-associated
bloodstream infections (CLABSIs) are the most common HAI
in ICU.

VAP is the most frequent ICU acquired infection. The
prevalence of VAP varies among different countries; the
highest VAP prevalence rate (116 per thousand ventilator
days) was reported from India.' Gram-negative organisms,
such as Acinetobacter spp., Pseudomonas aeruginosa, and
Klebsiella pneumoniae, and Gram-positive organisms, such as
Staphylococcus aureus, were frequently found in the tracheal
aspirate samples of VAP patients.'"'* Among this organism
responsible for VAP, the burden of MDR pathogen is very
high; the frequency varies between healthcare centers. One
study from India reported that, VAP is associated with 43.65%
MDR pathogens where Late-onset VAP was predominantly
caused by MDR pathogens (77.27%)."> MDR gram negative
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bacterial (GNB) pathogen load was 48.52% reported from
Vietnam, where they sub categorized GNB resistance as
10.6% MDR, 63.6% extensively drug-resistant ( XDR), and
25.8% pan drug-resistant (PDR), this study also report colistin
resistance about 2.8-20%.!

When reported by the specific organism species- Most of
isolated A. baumannii (97%) and S. aureus (88%) were
multidrug resistant.!!’ The combined prevalence of MDR
among P. aeruginosa causing VAP was 33%, where Iran
reported the highest prevalence at 87.5%, while the USA had
the lowest at 19.7%. The prevalence appears to be steeply
increasing over times.!” According to the 2019 data from the
European Antimicrobial Resistance Surveillance Network
(EARS-Net), more than a third of the K. pneumoniae (36.6%)
identified in the EU/EEA showed resistance to at least one
antibiotic group monitored, with multiple resistance to
various antimicrobial groups being common.

Intensive Care Unit acquired infection is an independent
predictor for poor prognosis, and VAP caused by MDR and
XDR strains is very challenging to cure."® ICU-acquired
pneumonia caused by highly antimicrobial-resistant (HAMR)
bacteria was linked to higher rates of mortality, prolonged
ICU stays, and extended periods of mechanical ventilation."

Catheter associated urinary tract infection (CA-UTI) is one of
the most common ICU acquired infection and sepsis. Among
Hospital acquired infection 29% are CUATL>* The CA-UTI
incidence density was 9.6/1000 catheter days.?! Several study
stated that Escherichia coli is the most common responsible
organism for CAUTI followed by Pseudomonas species,
Klebsiella species and Enterococcus species, which were the
dominant bacterial isolates. Candida also an important
causative organism for CAUTI. One study from Addis Ababa,
Ethiopia, showed that the overall prevalence of candiduria was
19%, where bacteriuria was 21%. A significant proportion of
this organism is MDR.* The fungus exhibit resistance to
multiple classes of antifungal drugs is known MDR fungal
pathogen, Candida auris is an alarming example of an
emerging MDR fungal pathogen.” The drug resistance pattern
was varied with study area and population . In recent studies
across different regions, on rates of multi-drug resistant
(MDR) uropathogens have been documented. Mohamed et
al.** highlighted a substantial 47% prevalence of MDR
uropathogens in Mogadishu, Somalia. Similarly, research by
Obaid et al.* revealed a significant antibiotic redistence rate of
19.67% among uropathogens in saudi Arabia. Meanwhile
findings from Bizuayehu et al. % reported an overall 65.8% of
these pathogens were resistance to multiple antibiotics in
Addis Ababa, Ethiopia. Along with alarming rates of antibiotic
resistance Bizuayehu et al.* reported the resistance rates
among specific isolates: 86.7% of Acinetobacter isolates,
100% of Klebsiella species isolates, and all E. coli isolates
(100%) exhibited resistance to multiple antibiotics. The global
scenario of Candida resistance is concerning. Candida auris, a
newer species, is particularly resistant to antifungal drugs and
can spread quickly in healthcare settings.”” CAUTIs are also
associated with increased morbidity, mortality, healthcare
costs and ICU length of stay.?®
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Central-line-associated bloodstream infections (CLABSIs)
are serious healthcare-associated infections and very common
among ICU patient populations with substantial morbidity
and hospital costs. The incidence rates of CLABSI varied
across different settings. According to the World Health
Organization's systematic review and meta-analysis of
published data, CLABSI rates were found to be significantly
higher in low- and middle-income countries (LMICs)
compared to high-income countries. Specifically, the rate was
reported as 12.24 CLABSIs per 1,000 central line-days in
LMICs, whereas in high-income countries, it was documented
as 3.5 .» However The CLABSI rate can be significantly
reduced over time by CLABSI prevention bundle's
reinforcement.**! Gram-negative bacteria (59.3%) were main
microorganisms of CLABSIs.®> The most frequently
implicated pathogens included Acinetobacter baumannii,
Klebsiella ~ pneumoniae, Pseudomonas aeruginosa,
Staphylococcus Species. and Enterococcus. The predominant
organism varied across different healthcare
settings.’*31333*However, each study consistently highlighted
a significant prevalence of multidrug-resistant (MDR)
pathogens.** from Athens, Greece, reported a CLABSI
incidence rate of 4.80 per 1000 catheter-days, where MDR
organisms accounting for 2.62 per 1000 catheter-days.’' in
New Delhi, India, found that 81.6% of CLABSIs were caused
by MDROs, including 18.4% that were pan-drug resistant.
Similarly, Al-Khawaja et al*® that MDR organisms contributed
to 56% of CLABSISs in their study in Bahrain.

MDR Sepsis: Bangladesh perspective

In Bangladesh, the organisms causing ventilator-associated
pneumonia (VAP) are similar to global trends, but their
resistance patterns are notably higher. Apart from
Staphylococcus aureus, nearly 90% of the predominant
bacterial strains exhibited resistance to multiple antibiotics,
with approximately 60% of Acinetobacter spp. and
Pseudomonas spp. categorized as extensively drug-resistant'?.

Available research data on prevalence of CAUTI) among ICU
patients in Bangladesh are limited. Some study on hospital
admitted catheterized patient have been carried out, which
revealed that 30% of catheterized patient developed
bacteriuria or urinary tract infection with catheter. E.coli,
Klebsiella, Proteas and Pseudomonas aeroginosa are the
common organism.

A study of bloodstream infections (BSI) in Bangladesh
revealed that initially, Gram-negative bacteria were
predominant. Among these, Salmonella Typhi was identified
as the most common pathogen. Over time, there was a general
rise in the presence of Gram-positive bacteria. Despite this
shift, both Gram-positive and Gram-negative bacteria
exhibited significant resistance to commonly prescribed
antibiotics, highlighting the increasing difficulty in managing
antimicrobial resistance in BSI cases in Bangladesh.® Patients
with CLABSI infected with multidrug-resistant organisms had
a statistically significant association with worse prognosis.*
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Global Initiatives for Combating this Health Issue

Addressing antimicrobial resistance (AMR) as a critical
global health threat., emphasizing the importance of
international ~ cooperation, data  transparency, and
evidence-based strategies to combat antimicrobial resistance
effectively, In 2019, the World Health Organization (WHO)
declared antimicrobial resistance as one of the top 10 global
public health threats. The EU adopted a One Health approach
to address AMR, recognizing its multifaceted impact on
human health, animal health, and the environment.*® By July
2022, the EU Commission, working closely with its Member
States, prioritized AMR as one of the top three health
concerns .To enhance understanding and inform policy
decisions, WHO established the Global Antimicrobial
Resistance Surveillance System (GLASS), with the aims to
improve the quality and quantity of data on AMR
epidemiology, enabling better monitoring of trends and
providing reliable, comparable information for guiding
antimicrobial treatment strategies.!

Challenges of MDR sepsis in Bangladesh and Possible
Way Out:

Managing MDR Sepsis requires a multidisciplinary approach,
including antimicrobial stewardship, infection control
measures, and the development of new treatment strategies to
combat antibiotic resistance. In resource limited setting like
Bangladesh there are a lot of challenge for combating this
burning issue.

Introducing antimicrobial stewardship programs (ASPs) poses
greater challenges in low- and middle-income countries
(LMICs) like Bangladesh due to numerous implementation
hurdles. Antimicrobial drugs are readily accessible without
prescription in Bangladesh through unregulated retail outlets
(‘drug  shops’).>>¥” This problem is worsened by
pharmaceutical companies' aggressive and unethical
marketing tactics aimed at increasing sales, particularly
targeting drug shop attendants and other informal providers **.
Furthermore, Bangladesh's regulatory framework lacks
sufficient human, technical, and logistical capacity to
effectively oversee this expansive market.” Physicians in low-
and middle-income countries may have limited awareness of
ASPs compared to those in higher-income nations.*** In
Bangladesh, people living below the poverty line often lack of
health education about the proper use of antibiotics.
Consequently, they frequently use antibiotics without
consulting doctors and do not complete the antibiotic course.*!
Infection prevention and control (IPC) is an important
component to reduce the AMR. Similar to many LMICs, IPC
practices in Bangladesh have been impeded by overcrowding,
understaffing, inadequate environmental cleaning, limited
availability of hand washing stations, low adherence to
recommended hand hygiene practices, inadequate ventilation,
and insufficient IPC training.*>** The majority of tertiary care
hospitals of Bangladesh show insufficient IPC level to
guarantee the safety of healthcare workers, patients, and
visitors. The median score on “The Infection Prevention and
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Control Assessment Framework (IPCAF)” across these
hospitals was 355.0 out of a total of 800.* Due to low budget
and shortage of manpower monitoring and evaluation
activities and surveillance is very poor at Bangladesh. Though
some activities and surveillance had been going on, those were
primarily small in scale, uncoordinated, and lacking in a
feedback mechanism.* There is very little medical research
that examines the prevalence of hospital-acquired infections
(HAISs) and their impact on prolonged hospital stays and costs.
In Bangladesh, guidelines or protocols regarding the
management of antimicrobial resistance (AMR) and the use of
antibiotics were absent from the medical and allied health
education curricula. A very few institutions like Bangladesh
Medical University (BMC) and Chittagong Medical College
rely on their own institutional guidelines for patient
treatment.** One Health approach is also mandatory for
combating the complex issue, MDR sepsis. But in Bangladesh,
its application remains in rudimentary stage, particularly in
addressing AMR issues in veterinary contexts, as noted by.*
Unfortunately environmental sectors are far behind from the
initiatives of implementation of One Health approach.*

Bangladesh badly needs to develop trained healthcare
providers, enforcing guidelines for antibiotic administration,
and closely monitoring both antibiotic consumption and
resistance trends to ensure effective AMPs. Like other
LMICs, in Bangladesh, effective implementation of water,
sanitation, and hygiene (WASH) initiatives plays a crucial role
in basic infection prevention and control (IPC) by preventing
transmission of resistant strains in the environment. It is also
very important to raising awareness among policymakers to
facilitate, updating medical and allied health sciences
curricula to promote the rational use of antimicrobials,
developing rapid diagnostic facility, engaging mass media for
raising community awareness and ensuring sufficient
resources for implementing this activities as well as for
Research and Innovation. High level political commitment,
intra and inter-ministerial coordination among relevant
sectors, and enforcement of regulatory regime are urgently
warranted for a successful One Health approach.

Last of all as a developing nation, Bangladesh faces
significant challenges in tackling MDR sepsis. It requires
collaboration and  partnerships  with  international
organizations to share resources, exchange knowledge, and
coordinate efforts to address this silent pandemic.

References

1. WHO. Global report on the epidemiology and burden of sepsis:
current evidence, identifying gaps and future directions. Geneva:
World Health Organization; 2020.

2. Lopez-Montesinos I, Dominguez-Guasch A, Gomez-Zorrilla S,
Duran-Jorda X, Siverio-Par¢s A, Arenas-Miras MM, et al. Clinical
and economic burden of community-onset multidrug-resistant
infections requiring hospitalization. Journal of Infection [Internet].
2020 [cited 2024 Jun 4];80:271-8. Available from: https://www.
sciencedirect.com/science/article/pii/S0163445320300025



13.

14.

Capsoni N, Bellone P, Aliberti S, Sotgiu G, Pavanello D, Visintin B,
et al. Prevalence, risk factors and outcomes of patients coming from
the community with sepsis due to multidrug resistant bacteria.
Multidiscip Respir Med [Internet]. 2019 [cited 2024 Jun 3];14:23.
Available from: https://mrmjournal.biomedcentral.com/articles/
10.1186/540248-019-0185-4

Yao Y, Zha Z, Li L, Tan H, Pi J, You C, et al. Healthcare-associated
carbapenem-resistant Klebsiella pneumoniae infections are associated
with higher mortality compared to carbapenem- susceptible K.
pneumoniae infections in the intensive care unit: a retrospective cohort
study. Journal of Hospital Infection [Internet]. 2024 [cited 2024 Jun
6];148:30-8. Available from: https:/www. journalothospitalinfection.
com/article /S0195- 6701(24) 00087-2/ abstract

European Centre for Disease Prevention and Control. Assessing the
health burden of infections with antibiotic-resistant bacteria in the
EU/EEA, 2016-2020. [Internet]. LU: Publications Office; 2022
[cited 2025 May 18]. Available from: https://data.europa.eu/doi/
10.2900/73460

Chen J, Ma H, Huang X, Cui Y, Peng W, Zhu F, et al. Risk factors
and mortality of carbapenem-resistant Klebsiella pneumoniae
bloodstream infection in a tertiary-care hospital in China: an
eight-year retrospective study. Antimicrob Resist Infect Control.
2022;11:161.

Di Franco S, Alfieri A, Pace MC, Sansone P, Pota V, Fittipaldi C, et
al. Blood Stream Infections from MDR Bacteria. Life [Internet].
2021; 11:575. [cited 2024 Jun 3] Available from: https:/www.
mdpi.com/2075-1729/11/6/575

Blot S, Ruppé E, Harbarth S, Asehnoune K, Poulakou G, Luyt CE,
et al. Healthcare-associated infections in adult intensive care unit
patients: Changes in epidemiology, diagnosis, prevention and
contributions of new technologies. Intensive Crit Care Nurs.
2022;70:103227.

Siegel JD, Rhinehart E, Cic R, Jackson M. Management of
Multidrug-Resistant Organisms In Healthcare Settings, 2006. Am J
Infect  Control. 2007 Dec;35(10 Suppl 2):S165-93.  doi:
10.1016/j.ajic.2007.10.006

Kharel S, Bist A, Mishra SK. Ventilator-associated pneumonia among
ICU patients in WHO Southeast Asian region: A systematic review.
PLoS One [Internet]. 2021 [cited 2024 Jun 9];16:¢0247832. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC 7942996/

Chang Y, Jeon K, Lee SM, Cho YJ, Kim YS, Chong YP, et al. The
Distribution of Multidrug-resistant Microorganisms and Treatment
Status of Hospital-acquired Pneumonia/Ventilator-associated
Pneumonia in Adult Intensive Care Units: a Prospective Cohort
Observational Study. J Korean Med Sci [Internet]. 2021;36:e251.
[cited 2024 Jun 9] Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC8546312/

Haque S, Ahmed A, Islam N, Haque FKM. High Prevalence of
Multidrug-Resistant Bacteria in the Trachea of Intensive Care Units
Admitted Patients: Evidence from a Bangladeshi Hospital.
Antibiotics [Internet]. 2024 [cited 2024 Jun 9];13:62. Available
from: https://www.mdpi.com/2079-6382/13/1/62

Khurana S, Mathur P, Kumar S, Soni KD, Aggrawal R, Batra P, et al.
Incidence of Ventilator-associated Pneumonia and Impact of
Multidrug-Resistant Infections on Patient’s Outcome: Experience at
an Apex Trauma Centre in North India. Indian Journal of Medical
Microbiology [Internet]. 2017 [cited 2024 Jun 9];35:504-10.
Available from: https://www.sciencedirect.com/science/article/pii/
S0255085720303856

Koulenti D, Tsigou E, Rello J. Nosocomial pneumonia in 27 ICUs
in Europe: perspectives from the EU-VAP/CAP study. Eur J Clin
Microbiol Infect Dis [Internet]. 2017 [cited 2024 Jun
91;36:1999-2006. Available from: https://doi.org/10.1007/s10096
-016-2703-z

15.

20.

21.

22.

23.

24.

25.

Bangladesh Crit Care J September 2025; 13 (2): 110-114

Patil HV, Patil VC. Incidence, bacteriology, and clinical outcome of
ventilator-associated pneumonia at tertiary care hospital. Journal of
Natural Science, Biology, and Medicine [Internet]. 2017 [cited 2024
Jun 9];8:46. Available from: https://www.ncbi.nlm.nih.gov/pme/
articles/PMC5320823/

Vo TPM, Dinh TC, Phan HV, Cao TTM, Duong PT, Nguyen T.
Ventilator-Associated Pneumonia Caused by Multidrug-Resistant
Gram-Negative Bacteria in Vietnam: Antibiotic Resistance,
Treatment Outcomes, and Colistin-Associated Adverse Effects.
Healthcare (Basel) [Internet]. 2022 [cited 2024 Jun 9];10:1765.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC
9498604/

LiY, Roberts JA, Walker MM, Aslan AT, Harris PNA, Sime FB. The
global epidemiology of ventilator-associated pneumonia caused by
multi-drug resistant Pseudomonas aeruginosa: A systematic review
and meta-analysis. International Journal of Infectious Diseases
[Internet]. 2024 [cited 2024 Jul 3];139:78-85. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S1201971223007853

Luo W, Xing R, Wang C. The effect of ventilator-associated
pneumonia on the prognosis of intensive care unit patients within 90
days and 180 days. BMC Infect Dis. 2021;21:684.

Lakbar I, Medam S, Ronflé R, Cassir N, Delamarre L, Hammad E,
et al. Association  between  mortality and  highly
antimicrobial-resistant bacteria in intensive care unit-acquired
pneumonia. Sci Rep [Internet]. 2021 [cited 2024 Jun 9];11:16497.
Available  from:  https://www.nature.com/articles/s41598-021-
95852-4

Weiner-Lastinger LM, Abner S, Edwards JR, Kallen AJ, Karlsson
M, Magill SS, et al. Antimicrobial-resistant pathogens associated
with adult healthcare-associated infections: Summary of data
reported to the National Healthcare Safety Network, 2015-2017.
Infect Control Hosp Epidemiol [Internet]. 2020 [cited 2024 Jun
23];41:1-18. Available from: https://www.ncbi.nlm.nih.gov/pme/
articles/PMC8276252/

Ziotkowski G, Pawlowska I, Stasiowski M, Jachowicz E,
Wojkowska-Mach J, Bielecki T. Multidrug-Resistant Micro-
Organisms Associated with Urinary Tract Infections in Orthopedic
Patients: A Retrospective Laboratory-Based Study. Antibiotics
[Internet]. 2021 [cited 2024 Jun 10];10:7. Available from:
https://www.mdpi.com/2079-6382/10/1/7

Karkee P, Dhital D, Madhup S, Sherchan J. Catheter Associated
Urinary Tract Infection: Prevalence, Microbiological Profile and
Antibiogram at a Tertiary Care Hospital. Annals of Clinical
Chemistry and Laboratory Medicine. 2018;3:3.

Kim JS, Cha H, Bahn YS. Comprehensive Overview of Candida
auris: An Emerging Multidrug-Resistant Fungal Pathogen. 2024
[cited 2025 Aug 31];34:1365-75. Available from: https://www.jmb
.or.kr/journal/view.html?doi=10.4014/jmb.2404.04040

Mohamed AH, Sheikh Omar NM, Osman MM, Mohamud HA,
Eraslan A, Gur M. Antimicrobial Resistance and Predisposing
Factors Associated with Catheter-Associated UTI Caused by
Uropathogens Exhibiting Multidrug-Resistant Patterns: A 3-Year
Retrospective Study at a Tertiary Hospital in Mogadishu, Somalia.
Trop Med Infect Dis [Internet]. 2022 [cited 2024 Jun 10];7:42.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC
8948891/

Obaid NA, Almarzoky Abuhussain S, Mulibari KK, Alshangqiti F,
Malibari SA, Althobaiti SS, et al. Antimicrobial-resistant pathogens
related to catheter-associated urinary tract infections in intensive
care units: A multi-center retrospective study in the Western region
of Saudi Arabia. Clinical Epidemiology and Global Health
[Internet]. 2023 [cited 2024 Jun 12];21:101291. Available from:
https://www.sciencedirect.com/science/article/pii/S2213398423000
787

113



Bangladesh Crit Care J September 2025; 13 (2): 110-114

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

114

Bizuayehu H, Bitew A, Abdeta A, Ebrahim S. Catheter-associated
urinary tract infections in adult intensive care units at a selected
tertiary hospital, Addis Ababa, Ethiopia. PLOS ONE [Internet]. 2022
[cited 2024 Jun 10];17:¢0265102. Available from: https:/journals
.plos.org/plosone/article?id=10.1371/journal.pone.0265102

CDC. Antimicrobial-Resistant Fungal Diseases [Internet]. Fungal
Diseases. 2024 [cited 2024 Jun 23]. Available from: https://www.
cdc.gov/fungal/antimicrobial-resistant-fungi/index.html

CDC. Catheter-associated Urinary Tract Infection Basics [Internet].
Urinary Tract Infection. 2024 [cited 2024 Jun 10]. Available from:
https://www.cdc.gov/uti/about/cauti-basics.html

Victor Daniel Rosenthal; Ziad A. Memish; FNU Shweta; Gonzalo
Bearman; Larry 1. Lutwick. Recommendations for The Prevention
of Central Line-Associated Bloodstream Infections - ISID
[Internet]. 2019 [cited 2024 Jun 25]. Available from:
https://isid.org/guide/hospital/recommendations-for-the-prevention
-of-central-line-associated-bloodstream-infections/, https:/isid.org
/guide/hospital/recommendations-for-the-prevention-of-central-lin
e-associated-bloodstream-infections/

Al-Khawaja S, Saeced NK, Al-khawaja S, Azzam N, Al-Biltagi M.
Trends of central line-associated bloodstream infections in the
intensive care unit in the Kingdom of Bahrain: Four years’
experience. World J Crit Care Med [Internet]. 2021 [cited 2024 Jun
241;10:220-31. Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC8462019/

Khodare A, Kale P, Pindi G, Joy L, Khillan V. Incidence,
Microbiological Profile, and Impact of Preventive Measures on
Central Line-associated Bloodstream Infection in Liver Care
Intensive Care Unit. Indian J Crit Care Med [Internet]. 2020 [cited
2024 Jun 24];24:17-22. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC7050171/

Kuo SH, Lin WR, Lin JY, Huang CH, Jao YT, Yang PW, et al. The
epidemiology, antibiograms and predictors of mortality among
critically-ill patients with central line-associated bloodstream
infections. Journal of Microbiology, Immunology and Infection
[Internet]. 2018 [cited 2024 Jun 24];51:401-10. Available from:
https://www.sciencedirect.com/science/article/pii/S1684118217301
998

Arunan B, Ahmed NH, Kapil A, Vikram NK, Sinha S, Biswas A, et
al. Central Line-Associated Bloodstream Infections: Effect of
Patient and Pathogen Factors on Outcome. Journal of Global
Infectious Diseases [Internet]. 2023 [cited 2024 Jun 24];15:59.
Available from: https://journals.lww.com/jgid/fulltext/2023/15020/
Central_Line Associated Bloodstream_Infections _.4.aspx

Pitiriga V, Bakalis J, Kampos E, Kanellopoulos P, Saroglou G,
Tsakris A. Duration of central venous catheter placement and central
line-associated bloodstream infections after the adoption of
prevention bundles: a two-year retrospective study. Antimicrob
Resist Infect Control [Internet]. 2022 [cited 2024 Jun 24];11:96.
Available from: https://doi.org/10.1186/s13756-022-01131-w

Ahmed D, Nahid MA, Sami AB, Halim F, Akter N, Sadique T, et al.
Bacterial etiology of bloodstream infections and antimicrobial
resistance in Dhaka, Bangladesh, 2005-2014. Antimicrob Resist
Infect Control. 2017;6:2.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

European Commission. A European One Health Action Plan against
Antimicrobial Resistance (AMR). 2017;

Asia WHORO for SE. Situation analysis on antimicrobial resistance
in the South-East Asia Region: Report 2016. 2017 [cited 2024 Jun
27]; Available from: https:/iris.who.int/handle/10665/272873

Mohiuddin M, Rashid SF, Shuvro MI, Nahar N, Ahmed SM.
Qualitative insights into promotion of pharmaceutical products in
Bangladesh: how ethical are the practices? BMC Med Ethics.
2015;16:80.

Assar A, Abdelraoof MI, Abdel-Maboud M, Shaker KH, Menshawy
A, Swelam AH, et al. Knowledge, attitudes, and practices of Egypt’s
future physicians towards antimicrobial resistance (KAP-AMR
study): a multicenter cross-sectional study. Environ Sci Pollut Res
Int. 2020;27:21292-8.

Kalungia AC, Mwambula H, Munkombwe D, Marshall S, Schellack
N, May C, et al. Antimicrobial stewardship knowledge and
perception among physicians and pharmacists at leading tertiary
teaching hospitals in Zambia: implications for future policy and
practice. Journal of Chemotherapy [Internet]. 2019 [cited 2024 Jun
29];31:378-87. Available from: https://doi.org/10.1080/1120009
X.2019.1622293

Saha T, Saha T. Awareness Level of Patients Regarding usage of
Antibiotics in a Slum Area of Dhaka City, Bangladesh. 2018;

Rimi NA, Sultana R, Luby SP, Islam MS, Uddin M, Hossain MJ, et
al. Infrastructure and Contamination of the Physical Environment in
Three Bangladeshi Hospitals: Putting Infection Control into
Context. PLOS ONE [Internet]. 2014 [cited 2024 Jun 29];9:¢89085.
Available from: https://journals.plos.org/plosone/article?id=
10.1371/journal.pone.0089085

Shahida SM, Islam A, Dey BR, Islam F, Venkatesh K, Goodman A.
Hospital Acquired Infections in Low and Middle Income Countries:
Root Cause Analysis and the Development of Infection Control
Practices in Bangladesh. Open Journal of Obstetrics and
Gynecology [Internet]. 2016 [cited 2024 Jan 11];6:28-39. Available
from: https://www.scirp.org/journal/paperinformation.aspx?
paperid=62917

Harun MdGD, Anwar MMU, Sumon SA, Hassan MdZ, Mohona
TM, Rahman A, et al. Rationale and guidance for strengthening
infection prevention and control measures and antimicrobial
stewardship programs in Bangladesh: a study protocol. BMC Health
Serv Res [Internet]. 2022 [cited 2024 Jun 26];22:1239. Available
from: https://bmchealthservres.biomedcentral.com/articles/10.1186
/812913-022-08603-0

Ahmed SM, Naher N, Tune SNBK, Islam BZ. The Implementation
of National Action Plan (NAP) on Antimicrobial Resistance (AMR)
in Bangladesh: Challenges and Lessons Learned from a
Cross-Sectional Qualitative Study. Antibiotics [Internet]. 2022
[cited 2024 Jun 26];11:690. Available from: https://www.mdpi.com
/2079-6382/11/5/690

Orubu ESF, Zaman MH, Rahman MT, Wirtz VJ. Veterinary
antimicrobial resistance containment in Bangladesh: Evaluating the
national action plan and scoping the evidence on implementation. J
Glob Antimicrob Resist. 2020;21:105-15.



