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We summarize antimicrobial drug resistance (AMR) pat-
terns from blood cultures at a tertiary hospital in Uganda. 
High rates of resistance to first-line antibiotic drugs were ob-
served among Staphylococcus aureus and gram-negative 
organisms. Microbiology services with susceptibility testing 
should be strengthened to support standardized reporting of 
AMR data in sub-Saharan Africa.

Antimicrobial drug resistance (AMR) is a global prob-
lem (1,2). However, because of a lack of routine sur-

veillance systems in sub-Saharan Africa, limited data are 
available describing local AMR patterns (2,3). In 2015, the 
World Health Organization adopted an AMR global ac-
tion plan that called for strengthening knowledge of AMR 
through surveillance and research (1). Understanding local 
AMR patterns is essential to guide clinical management of 
infections and to inform health policy. Here we highlight 
common pathogens and antimicrobial susceptibility pat-
terns from blood culture isolates and their susceptibility 
patterns at Mulago National Referral Hospital, a tertiary 
hospital in Kampala, Uganda. 

Blood cultures were collected during June 2013– 
October 2014 as part of patient care and research studies 

and processed at 2 microbiology laboratories, Makerere  
University College of Health Sciences (n = 345) and 
Mulago Hospital (n = 117). Bacterial identification and 
susceptibility testing were performed according to 2011 
Clinical Laboratory Standards Institute M100 S21 guide-
lines (https://clsi.org/). Susceptibilities were summarized 
into a hospital antibiogram using Stata version 12 (https://
www.stata.com/stata12/) and Microsoft Excel (Micro-
soft Corp., Redmond, WA, USA). For organisms with 
<10 positive isolates, raw numbers were compiled rather  
than percentages.

In total, 3,197 blood specimens were collected and 
processed, of which 462 (14%) grew an organism. Gram-
positive cocci constituted 60% (279/462) of all isolates. 
Nearly half (127/279) of these were Staphylococcus au-
reus, of which 32% (41/127) were methicillin resistant, 
43% (54/127) were methicillin sensitive, and 25% (32/127) 
did not have susceptibility data. In our study, 14% of the 
MRSA isolates (n = 41) were fully susceptible to cipro-
floxacin, 55% to clindamycin, 25% to gentamicin, and 4% 
to trimethoprim/sulfamethoxazole. The remaining suscep-
tibility results are described in the online Technical Ap-
pendix (https://wwwnc.cdc.gov/EID/article/24/1/17-1112-
Techapp1.xlsx).

Enterobacteriaceae were the most commonly isolat-
ed gram-negative organisms, constituting 67% (122/184) 
of all gram-negative bacilli, including 26% (47/184) 
Escherichia coli, 20% (36/184) Klebsiella pneumoniae, 
9% (17/183) Enterobacter spp., and 3% (5/183) Citrobac-
ter spp. We isolated 17 Salmonella isolates, 5 S. enterica 
serovar Typhi, and 12 nontyphiodal Salmonella. Sensitiv-
ity rates of E. coli to antimicrobial drugs were as follows: 
ceftriaxone 33%, ciprofloxacin 39%, chloramphenicol 
56%, piperacillin/tazobactam 80%, and imipenem 81%. 
Sensitivity rates were similar, but lower overall, for Kleb-
siella pneumoniae: ceftriaxone 15%, ciprofloxacin 23%, 
chloramphenicol 17%, piperacillin-tazobactam 64%, and 
imipenem 80%. Pseudomonas aeruginosa was rarely iso-
lated (n = 3).

We found that a substantial proportion of pathogens 
isolated from blood demonstrated AMR, principally among 
methicillin-resistant S. aureus and gram-negative organ-
isms. These pathogens were commonly resistant to first-
line antibiotic drugs (e.g., fluoroquinolones, penicillins, 
ceftriaxone) at rates that were much higher than those re-
ported in high-income countries (4). 

In Uganda, most of the literature on AMR has fo-
cused on single pathogens or subgroups of infections and 
not on broader, routine surveillance (5,6). Similar surveil-
lance efforts have been undertaken in other countries in 
Africa, such as Kenya (4). In general, the most common 
etiologies of bacteremia there, as well as in the United 
States and several countries in Europe, were similar  1These authors contributed equally to this article.



 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 1, January 2018 175

RESEARCH LETTERS

to those at Mulago Hospital (4). The exception was  
Salmonella, which was isolated more frequently in Ugan-
da and Kenya (4,7).

Although we isolated Salmonella spp. in only 17 
specimens, we found multidrug resistance (MDR; resis-
tance or nonsusceptibility to >3 different antimicrobial 
classes) among 3 of 5 Salmonella Typhi and 6 of 12 non-
typhoidal Salmonella isolates. The emergence of MDR 
Salmonella Typhi is well documented in Southeast Asia; 
however, resistance has been less studied in Africa (8). 
The finding of MDR Salmonella Typhi in Uganda aligns 
with findings from the 2016 Typhoid Fever Surveillance 
in Africa Program, which found MDR Salmonella Typhi 
in Kenya and Tanzania (7).

Limitations of this study include the small sample 
size of individual species and an urban, tertiary hospi-
tal setting with potential selection bias for higher AMR 
rates. The 3,197 blood cultures collected reflect an av-
erage of ≈190 blood cultures/month in an ≈1,800-bed 
hospital, representing a small fraction of hospitalized 
patients with infectious diseases. The limited sampling 
is likely due to patient-incurred costs of blood cultures 
and limited availability of microbiology supplies. At-
tempts at laboratory-based AMR surveillance have 
been attempted in other countries in Africa, including 
Ghana, Rwanda, and Kenya, with similar challenges 
(4,9,10). The cost and resource availability in microbi-
ology laboratories are major barriers to large-scale cul-
ture testing (3), and increased funding for microbiology 
laboratories is necessary to ensure AMR surveillance.  
Rapid, non–culture-based technology may be an AMR 
surveillance option.

In summary, we identified noticeable AMR to com-
monly available antimicrobial drugs among organisms 
isolated from bloodstream infections at Mulago Hospital 
in Uganda. Surveillance using blood culture data can facili-
tate selecting appropriate therapy and provide hospital an-
tibiograms that can be used for empiric therapy of the very 
ill. These advantages outweigh the perceived disadvantag-
es of high cost, low yields of recovery, and turnaround time 
that are frequently considered barriers to performing blood 
cultures in resource-limited settings. National programs 
should consider these benefits and prioritize funding for 
AMR surveillance, and from those data, develop clinical 
guidelines and national policies to slow the spread of AMR 
in sub-Saharan Africa.
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