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Abstract 
Patients living in low- and middle-income countries (LMICs) shoulder the 
greatest burden of infections caused by antimicrobial-resistant 
pathogens. Speedy access to appropriate broad-spectrum antimicrobials 
significantly improves health outcomes and reduces transmission of 
antimicrobial-resistant pathogens, but persons living in LMICs have 
compromised access to these antimicrobials. This article considers how 
inequities in microbiology diagnostics, antimicrobial access, and 
antimicrobial affordability influence outcomes for patients infected with 
antimicrobial-resistant pathogens who live in resource-limited settings. 

 
Case 
“What are your final antibiotic recommendations?” asked the medical officer. 
 
The three of us considered the question as we stood in an inpatient oncology ward in 
Kampala, Uganda. Our 20-year-old patient was critically ill: hypotensive, febrile, and 
obtunded. Three weeks ago, she had received her first dose of chemotherapy to treat 
her newly diagnosed acute myelogenous leukemia. She was now experiencing a 
common chemotherapy-related side effect, neutropenic fever. This oncologic emergency 
required rapid initiation of appropriate antibiotics. Each hour of delay increased her risk 
of death. 
 
Our discussion continued down an all-too-familiar path. “Which intravenous antibiotics 
does the hospital pharmacy currently stock?” we asked. 
 
“Ceftriaxone and levofloxacin,” the medical officer responded. “But she’s been receiving 
ceftriaxone for the past 3 days without improvement and was taking levofloxacin 
prophylaxis when her fever started.” 
 
“Have you been able to obtain blood cultures?” we queried. 
 
“No,” replied the medical officer. “She couldn’t afford them. Her family is trying to gather 
the money, but they haven’t been able to yet. Do you know if there are any active 
research studies that supply blood cultures?”
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“Yes,” we replied. “There is one research study that supplies blood cultures and is 
enrolling participants. We can contact the study coordinator to see if our patient 
qualifies.” 
 
Even without culture results to guide us, our patient’s clinical picture was consistent with 
a bacterial bloodstream infection. At our hospital, there was a 75% chance that this 
infection was caused by multidrug resistant gram-negative bacteria. According to the 
medical officer, the 2 first-line antibiotics for treating neutropenic fever—meropenem 
and chloramphenicol—were out of stock at the free on-site pharmacy. Our patient’s 
family would need to secure funding, travel to an off-site pharmacy, and buy antibiotics. 
Without the appropriate antibiotics, her chance of dying was over 80%.1 
 
“Ideally, we would start her on meropenem since it won’t worsen her ongoing bone 
marrow suppression,” we reminded the medical officer. “Can her family afford this?” 
 
The medical officer glanced at our patient’s family members, now clustered around us. 
“The family has few resources. If they can’t afford blood cultures, they won’t be able to 
afford meropenem. They can afford 3 days of chloramphenicol. Since she will need at 
least 7 days of antibiotic therapy, this should give enough time for the meropenem to be 
restocked in our pharmacy.” 
 
The medical officer handed the chloramphenicol prescription to the patient’s family 
member, instructed them to travel as quickly as possible to the nearest private 
pharmacy, and return to the ward so it could be administered to our patient. 
 
Commentary 
As an infectious diseases physician and a medical microbiologist who provide care at a 
cancer institute in Uganda, we recognize this case as representative of one of our typical 
patient consults. It highlights many of the challenges faced by patients, families, and 
health care professionals who manage infections in settings where there are high rates 
of antimicrobial resistance (AMR) but limited resources and little access to broad-
spectrum antimicrobials. AMR occurs when an infectious microorganism (eg, bacteria, 
fungus, virus) develops resistance to an antimicrobial agent, rendering that 
antimicrobial useless. As a result, if a patient develops an infection from a resistant 
organism, the number of antimicrobials that can successfully treat that pathogen 
decreases. In 2021, the World Health Organization listed combatting AMR as 1 of the 
top 10 public health issues.2 Recent headlines tell us that “Antimicrobial resistance will 
be worse than COVID”3 and that the “superbugs” are here to stay.4 But what does this 
mean for 85% of the global population who live in low- and middle-income countries 
(LMICs), bear the majority of the burden of AMR, and lack the resources to appropriately 
treat these infections? 
 
Recent studies show that approximately 20% of global deaths are related to sepsis, a 
dysregulated inflammatory response in the setting of an infection. Sepsis-related 
mortality rates are highest in LMICs5; the rates of death attributable to AMR are also 
highest in some LMICs.6 For patients with infections, survival depends upon the ability of 
clinicians to rapidly select, procure, and administer the appropriate antimicrobials and 
patients’ own ability to complete the full course of treatment. Inability to complete these 
steps increases patient mortality and contributes to AMR. For those living in resource-
limited settings, the disproportionate number of AMR-related deaths are deeply rooted 
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in inequities: inequities in microbiologic diagnostic access, inequities in antimicrobial 
access, and inequities in antimicrobial affordability. 
 
Diagnostic Inequity 
In resource-limited settings, access to microbiology laboratories is often limited. 
Microbiology laboratories are costly—they require skilled personnel and consistent 
access to laboratory supplies.7 For this reason, they are often located in large urban 
centers. However, as our story illustrates, even patients with access to a microbiology 
laboratory may not be able to afford diagnostic testing. In Uganda, where the poverty 
rate is high,8 a blood culture costs 60 000 to 75 000 Uganda shillings (15 to 20 USD), 
or 6 to 8 days’ wages. Given patients’ lack of access to diagnostic testing, clinicians rely 
heavily on clinical practice guidelines to direct empiric antimicrobial therapy. However, 
most infection management guidelines were developed in the United States and Europe, 
where there is widespread access to microbiology diagnostics and infection surveillance 
networks. Since AMR is less prevalent in these settings and the microbiology of 
infections differs regionally,6 international guidelines do not adequately account for the 
patterns of resistance and the specific pathogens that occur in many LMICs. For 
example, we and our colleagues found that more than 50% of the bacteria isolated from 
Ugandan patients with neutropenic fever were resistant to the first-line antibiotics 
recommended in the US-based neutropenic fever guidelines.9,10 As a result, the 30-day 
mortality rate for patients with neutropenic fever was 46% to 54%,10,11 which contrasts 
starkly with the 2.6% to 21.4% mortality rate—depending on the number of 
comorbidities—for patients being treated in the United States.12 
 
As highlighted by our case, research studies may be one of the few avenues through 
which patients have access to affordable laboratory diagnostics. Only after we began 
research studies of AMR among Ugandan patients with cancer were we able to update 
the US-based neutropenic fever guidelines to reflect local patterns of resistance and feel 
confident about which antibiotics to give patients. Development of local guidelines is 
predicated upon increased access to microbiology laboratories. Clinicians and 
researchers play a critical role in advocating for increased global and local investment in 
laboratory infrastructure.13 Without supporting and strengthening local microbiology 
laboratories, the burden of deaths due to AMR will continue to increase for those living 
in LMICs. 
 
Antimicrobial Access Inequity 
Of course, selecting the appropriate antimicrobial is only one piece of the puzzle. 
Patients must also be able to procure the antimicrobial. In some ways, our patient was 
fortunate. Since she was receiving care in the capital city of Kampala, there were 3 
private pharmacies within walking distance that routinely stock meropenem. Patients in 
rural Uganda may travel many kilometers to procure meropenem. This barrier results in 
further antibiotic treatment delay, thus increasing patient mortality. 
 
Countrywide antibiotic access is also a concern. In our studies with colleagues, 10% to 
25% of identified bacteria were resistant to all the locally available antibiotics (M. 
Lubwama, et al, unpublished data, 2017-2021). Recently developed antibiotics that 
most effectively combat resistant gram-negative bacteria (eg, ceftazidime-avibactam, 
ceftolozane-tazobactam) are not available for purchase in Uganda. Antimicrobials are 
typically developed in high-income countries (HICs) and, given the high cost of drug 
development, new antimicrobials are often first marketed and sold in HICs.14 For a 
patient living in a place like Uganda, it may take 10 years before a newly developed 
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antimicrobial is available.15 Thus, countries with the highest rates of AMR have the least 
access to antimicrobials most likely to treat these infections. These structural injustices 
perpetuate and worsen inequities in patient outcomes. Recent efforts have been made 
to improve the development and rapid dissemination of new antimicrobial agents in 
LMICs, including government investment in developing new antimicrobials; industry-
sponsored funding of the AMR Action Fund; technology transfer to manufacturing sites 
in South America, Africa, and the Middle East; routine use of best-practice plans to 
address global access issues for newly developed antimicrobials; and implementation of 
standardized forecasting processes to ensure uninterrupted antibiotic supplies in 
LMICs.14 These mechanisms must be strengthened to ensure access to antimicrobials 
for those who need them most. 
 
Antibiotic Affordability 
Our case poignantly illustrates the ways in which a patient’s finances affect their 
treatment in resource-limited settings. Our patient was unable to afford meropenem, the 
best available antibiotic to treat her infection. While she could afford chloramphenicol, 
she could only purchase half of the recommended treatment regimen. For many of our 
patients, the process of obtaining funds leads to significant antibiotic treatment delays. 
 
Recently, we and our colleagues conducted a survey16 and focus groups of health care 
workers to assess barriers to antibiotic delivery at our institute. The health care workers 
described more than 20 ways in which patients obtain funds (ie, “mobilize money”) to 
purchase antibiotics. These included asking friends and family, selling animals or land, 
being sponsored by religious institutions, and asking for money on the street (E. A. 
Gulleen, et al, unpublished data, 2022). They pointed out that mobilizing money can 
take hours or even days. For those with severe infections, a 1-hour delay in antibiotic 
initiation is associated with increased mortality.17 Thus, the speed at which a family can 
mobilize money can be the difference between life and death. 
 
As we reviewed the ways patients mobilize money, one physician commented, “Of 
course some people try to mobilize money, but just can’t.” 
 
“What do you do when a patient can’t mobilize money?” we asked. 
 
The doctor held up her hands in a gesture of defeat. “You just use an antibiotic that is 
available at the free on-site pharmacy, since there’s a small chance that it still might 
work.” 
 
This conversation highlights the moral dilemmas faced by clinicians who manage 
infections in settings where there are high rates of AMR and access to antimicrobials is 
a challenge. The clinician has a moral obligation to provide the best possible care for the 
patient within the allotted resources. In our focus groups, the clinicians told us of many 
ways they personally help patients mobilize money. These included paying for 
medications for the patients, contacting local donors, calling friends at private 
pharmacies, and working with local leadership to increase funding for antimicrobials at 
the on-site pharmacy (E. A. Gulleen, et al, unpublished data, 2022). The clinicians 
emphasized that these actions helped them cope with the moral injury that comes with 
providing care in a broken system in which the tools are often inadequate. 
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Implications for the Future 
With the growing burden of AMR falling squarely on the shoulders of those living in 
LMICs, what is the solution? We have highlighted how inequities in microbiology 
diagnostic access, antimicrobial access, and antimicrobial affordability contribute to 
worse outcomes for patients in LMICs who develop infections with antibiotic-resistant 
organisms. The COVID-19 pandemic revealed how infections can rapidly traverse the 
globe. Likewise, antibiotic-resistant pathogens can rapidly disseminate. Thus, there is an 
urgent need to combat AMR on a global scale. However, we cannot combat AMR unless 
we address the inequities that drive differences in infection-related outcomes for those 
living in LMICs. 
 
References 

1. Bodey GP. The changing face of febrile neutropenia—from monotherapy to 
moulds to mucositis. Fever and neutropenia: the early years. J Antimicrob 
Chemother. 2009;63(suppl 1):i3-i13. 

2. 10 global health issues to track in 2021. World Health Organization. December 
24, 2020. Accessed July 4, 2023. https://www.who.int/news-
room/spotlight/10-global-health-issues-to-track-in-2021  

3. Shalala D, McClellan M, Abbo L. Antimicrobial resistance will be worse than 
COVID—we have to act now. The Hill. June 20, 2023. Accessed July 4, 2023. 
https://thehill.com/opinion/healthcare/4052215-antimicrobial-resistance-will-
be-worse-than-covid-we-have-to-act-now/  

4. Bebeau S. Everything you need to know about America’s new superbug. Yahoo! 
News. July 5, 2023. Accessed July 5, 2023. 
https://www.yahoo.com/lifestyle/everything-know-america-superbug-
145450804.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xl
LmNvbS8&guce_referrer_sig=AQAAAAVqGdYSRVHFI0M54-
HNqh4X_VxcqEHdkjAs5qk9FQnFvsFNn3TpOUrXbSEtuXWY935uNw1qqlxAOE53f
XLkLGnXyeu93qjQYTO-WpBn3nlh-yyhH4hlObkMAl8Z3rzjPBXJ7r4fZxqPIA6ClOW-
f_sk3SgE44aCDZCZCqOoq4GH   

5. Rudd KE, Johnson SC, Agesa KM, et al. Global, regional, and national sepsis 
incidence and mortality, 1990-2017: analysis for the Global Burden of Disease 
Study. Lancet. 2020;395(10219):200-211. 

6. Murray CJ, Ikuta KS, Sharara F, et al; Antimicrobial Resistance Collaborators. 
Global burden of bacterial antimicrobial resistance in 2019: a systematic 
analysis. Lancet. 2022;399(10325):629-655. 

7. Iskandar K, Molinier L, Hallit S, et al. Surveillance of antimicrobial resistance in 
low- and middle-income countries: a scattered picture. Antimicrob Resist Infect 
Control. 2021;10(1):63. 

8. World Bank Group. Poverty and equity brief: sub-Saharan Africa—Uganda. World 
Bank Group; 2020. Accessed December 10, 2023.  
https://databankfiles.worldbank.org/public/ddpext_download/poverty/33EF03
BB-9722-4AE2-ABC7-AA2972D68AFE/Global_POVEQ_UGA.pdf 

9. Freifeld AG, Bow EJ, Sepkowitz KA, et al; Infectious Diseases Society of America. 
Clinical practice guideline for the use of antimicrobial agents in neutropenic 
patients with cancer: 2010 update by the Infectious Diseases Society of 
America. Clin Infect Dis. 2011;52(4):e56-e93. 

10. Lubwama M, Adams S, Muwonge C, et al. Multidrug-resistant bacteria are 
common cause of neutropenic fever and increase mortality among patients with 
hematologic malignancies in Uganda. Open Forum Infect Dis. 2019;6(suppl 
2):S108-S109. 

https://journalofethics.ama-assn.org/videocast/ethics-talk-antibiotic-stewardship-during-covid
https://www.who.int/news-room/spotlight/10-global-health-issues-to-track-in-2021
https://www.who.int/news-room/spotlight/10-global-health-issues-to-track-in-2021
https://thehill.com/opinion/healthcare/4052215-antimicrobial-resistance-will-be-worse-than-covid-we-have-to-act-now/
https://thehill.com/opinion/healthcare/4052215-antimicrobial-resistance-will-be-worse-than-covid-we-have-to-act-now/
https://www.yahoo.com/lifestyle/everything-know-america-superbug-145450804.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVqGdYSRVHFI0M54-HNqh4X_VxcqEHdkjAs5qk9FQnFvsFNn3TpOUrXbSEtuXWY935uNw1qqlxAOE53fXLkLGnXyeu93qjQYTO-WpBn3nlh-yyhH4hlObkMAl8Z3rzjPBXJ7r4fZxqPIA6ClOW-f_sk3SgE44aCDZCZCqOoq4GH
https://www.yahoo.com/lifestyle/everything-know-america-superbug-145450804.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVqGdYSRVHFI0M54-HNqh4X_VxcqEHdkjAs5qk9FQnFvsFNn3TpOUrXbSEtuXWY935uNw1qqlxAOE53fXLkLGnXyeu93qjQYTO-WpBn3nlh-yyhH4hlObkMAl8Z3rzjPBXJ7r4fZxqPIA6ClOW-f_sk3SgE44aCDZCZCqOoq4GH
https://www.yahoo.com/lifestyle/everything-know-america-superbug-145450804.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVqGdYSRVHFI0M54-HNqh4X_VxcqEHdkjAs5qk9FQnFvsFNn3TpOUrXbSEtuXWY935uNw1qqlxAOE53fXLkLGnXyeu93qjQYTO-WpBn3nlh-yyhH4hlObkMAl8Z3rzjPBXJ7r4fZxqPIA6ClOW-f_sk3SgE44aCDZCZCqOoq4GH
https://www.yahoo.com/lifestyle/everything-know-america-superbug-145450804.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVqGdYSRVHFI0M54-HNqh4X_VxcqEHdkjAs5qk9FQnFvsFNn3TpOUrXbSEtuXWY935uNw1qqlxAOE53fXLkLGnXyeu93qjQYTO-WpBn3nlh-yyhH4hlObkMAl8Z3rzjPBXJ7r4fZxqPIA6ClOW-f_sk3SgE44aCDZCZCqOoq4GH
https://www.yahoo.com/lifestyle/everything-know-america-superbug-145450804.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVqGdYSRVHFI0M54-HNqh4X_VxcqEHdkjAs5qk9FQnFvsFNn3TpOUrXbSEtuXWY935uNw1qqlxAOE53fXLkLGnXyeu93qjQYTO-WpBn3nlh-yyhH4hlObkMAl8Z3rzjPBXJ7r4fZxqPIA6ClOW-f_sk3SgE44aCDZCZCqOoq4GH
https://www.yahoo.com/lifestyle/everything-know-america-superbug-145450804.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVqGdYSRVHFI0M54-HNqh4X_VxcqEHdkjAs5qk9FQnFvsFNn3TpOUrXbSEtuXWY935uNw1qqlxAOE53fXLkLGnXyeu93qjQYTO-WpBn3nlh-yyhH4hlObkMAl8Z3rzjPBXJ7r4fZxqPIA6ClOW-f_sk3SgE44aCDZCZCqOoq4GH
https://databankfiles.worldbank.org/public/ddpext_download/poverty/33EF03BB-9722-4AE2-ABC7-AA2972D68AFE/Global_POVEQ_UGA.pdf
https://databankfiles.worldbank.org/public/ddpext_download/poverty/33EF03BB-9722-4AE2-ABC7-AA2972D68AFE/Global_POVEQ_UGA.pdf


 

  journalofethics.org 378 

11. Gulleen EA, Adams SV, Chang BH, et al. Factors and outcomes related to the use 
of guideline-recommended antibiotics in patients with neutropenic fever at the 
Uganda Cancer Institute. Open Forum Infect Dis. 2021;8(7):ofab307. 

12. Kuderer NM, Dale DC, Crawford J, Cosler LE, Lyman GH. Mortality, morbidity, and 
cost associated with febrile neutropenia in adult cancer patients. Cancer. 
2006;106(10):2258-2266. 

13. Wertheim HFL, Huong VTL, Kuijper EJ. Clinical microbiology laboratories in low-
resource settings, it is not only about equipment and reagents, but also good 
governance for sustainability. Clin Microbiol Infect. 2021;27(10):1389-1390. 

14. Access to Medicine Foundation. Antimicrobial Resistance Benchmark 2021. 
Access to Medicine Foundation; 2021. Acessed September 22, 2023. 
https://accesstomedicinefoundation.org/medialibrary/resources/61ee760d03
810_Antimicrobial%20Resistance%20Benchmark%20report%202021.pdf   

15. Kållberg C, Årdal C, Salvesen Blix H, et al. Introduction and geographic 
availability of new antibiotics approved between 1999 and 2014. PLoS One. 
2018;13(10):e0205166.  

16. Gulleen EA, Lubwama M, Komakech A, Krantz EM, Liu C, Phipps W. Knowledge 
and perceptions of antimicrobial resistance and antimicrobial stewardship 
among staff at a national cancer referral center in Uganda. Antimicrob Steward 
Healthc Epidemiol. 2022;2(1):e54.   

17. Evans L, Rhodes A, Alhazzani W, et al. Surviving Sepsis Campaign: international 
guidelines for management of sepsis and septic shock 2021. Crit Care Med. 
2021;49(11):e1063-e1143. 

 
Elizabeth A. Gulleen, MD is an infectious diseases physician at the University of 
Minnesota in Minneapolis, Minnesota, and an affiliate investigator at the Fred 
Hutchinson Cancer Center in Seattle, Washington. Her research interests include the 
microbiology, diagnosis, and management of infections among patients with cancer 
living in sub-Saharan Africa. Dr Gulleen provides clinical care for patients who develop 
infections while receiving cancer treatment in both the United States and Uganda. 
 
Margaret Lubwama, MBChB, MMed is a medical microbiologist and lecturer at the 
Makerere University School of Biomedical Sciences in Kampala, Uganda. Her research 
interests include defining molecular mechanisms of antibiotic resistance and improving 
microbiologic diagnostic testing in resource-limited settings. She is also passionate 
about educating students and clinicians about the management of antimicrobial-
resistant pathogens. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://accesstomedicinefoundation.org/medialibrary/resources/61ee760d03810_Antimicrobial%20Resistance%20Benchmark%20report%202021.pdf
https://accesstomedicinefoundation.org/medialibrary/resources/61ee760d03810_Antimicrobial%20Resistance%20Benchmark%20report%202021.pdf


AMA Journal of Ethics, May 2024 379 

Editor’s Note 
The case to which this commentary is a response was developed by the editorial 
staff. The 2 studies whose findings from unpublished data are summarized in this 
article were reviewed by Fred Hutchinson Cancer Center Institutional Review 
Board (FHIRB0008433, 2017; FHIRB0010736, 2022) and the Ugandan Cancer 
Institute Research and Ethics Committee (SBS 390, 2018; 15-2020, 2022). 
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