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Eastern Uganda.

Methods: A retrospective analysis of culture and antibiotic sensitivity test results from the microbiology
laboratories of the two tertiary hospitals was conducted for a 3-year period (January 2016-December
2018).

Key wor ds: . . Results: Microbiology records of 3092 patients were reviewed and analysed, with 1305 (42.1%) samples
Antimicrobial resistance C g R . c . o

Antibiotics yielding clinical isolates. The most prevalent isolates were Escherichia coli (n = 442; 33.9%), Staphylococcus
Bacterial infections aureus (n = 376; 28.8%), Klebsiella pneumoniae (n = 237; 18.2%), and Streptococcus pneumoniae (n = 76;
Microbiology 5.8%). High rates of antimicrobial resistance were detected across both Gram-negative and Gram-positive
Eastern Uganda bacteria. Escherichia coli and K. pneumoniae were resistant to several agents such as amoxicillin/

clavulanate (83.5%; 64.6%), cefotaxime (74.2%; 52.7%), ciprofloxacin (92.1%; 27.8%), gentamicin (51.8%;
76%), imipenem (3.2%; 10.5%), tetracycline (98%; 74.5%), and trimethoprim-sulfamethoxazole (74.1%;
74.3%), respectively. Staphylococcus aureus and S. pneumoniae exhibited the following resistance profile:
cefoxitin (44.4%; 40.9%), chloramphenicol (69.1%; 27.6%) clindamycin (21.5%; 24.4%), gentamicin (83.2%;
66.9%), penicillin (46.5%; -) tetracycline (85.6%; 97.6%), trimethoprim-sulfamethoxazole (88%; 91.3%), and
vancomycin (41.2%; -).
Conclusion: We observed high resistance rates to antibiotics among the majority of microorganisms that
were isolated from the samples collected from patients in Eastern Uganda. Furthermore, measures
should be undertaken locally to improve microbiology diagnostics and to prevent the spread of
antibiotic-resistant strains as this impedes the optimal treatment of bacterial infections and narrows the
choice of effective therapeutic options.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

1. Introduction numerous deaths in Europe and around the world, but also
diminishes quality of life leading to substantial direct and indirect
Antimicrobial resistance (AMR) has been recognized as a global costs [2]. Unless action is taken, it is estimated that by 2050, up to 10

public health problem of utmost importance that needs to be tackled million people will die each year because of AMR [3]. AMR is a

urgently [1]. AMR not only impacts healthcare directly, causing problem that concerns every country irrespective of its level of

income and development as resistant pathogens do not respect

borders [4]. Low-income countries, such asUganda, have the greatest
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The 2014 WHO report identified Africa and South East Asia as
the regions without established AMR surveillance systems. The
lack of quality data is problematic and often leads to treatment
guidelines that are not adequate for the local context. A report of
low scores by diagnostic laboratories in southwestern Uganda
reflects the need for improvement to reach certain minimum
standards of quality in the country [5]. In Africa, lack of coordinated
research on antibiotic resistance and consumption has made it
difficult to tackle this problem at both local and regional levels [6].
The scientific literature on this topic is scarce with mostly case
reports published, pertaining to certain regions of the African
continent, and even less from East Africa and Uganda.

Lack of consistency in the measurement and reporting of
susceptibility data from African countries hinders the comparison
of findings among these countries and even between laboratories
within each country [7]. Standardizing AMR methods could enable
the comparability of results and improve collection of resistance
surveillance data, which are currently either inconsistent or
entirely missing [8]. Other studies [9,10] that have flagged high
levels of resistance to commonly used antibiotics in some African
countries show that there is a high level of resistance to
chloramphenicol, as well as other first-line antibiotic regimens,
such as amoxicillin and co-trimoxazole [11]. The aim of our study
was to determine the prevalence and antimicrobial susceptibility
patterns of bacteria isolated from various samples collected from
patients at two tertiary hospitals in Eastern Uganda.

2. Materials and methods
2.1. Study design

This is a retrospective study that was conducted over a 3-year
period from January 2016 to December 2018. The antibiotic
susceptibility test results of clinical specimens such as urine, blood,
vaginal swabs, pus, samples from indwelling urinary catheters,
pleural fluid, stool, wound swabs, abscesses, sputum, aspirates, eye
swabs, ear swabs, and urethral swabs collected during the study
period were included in the study. The laboratories received
culture specimens from both inpatient and outpatient depart-
ments of Mbale Regional Referral Hospital (MRRH) and Soroti
Regional Referral Hospital (SRRH).
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2.2. Data collection and analysis

Data from culture (identification) and sensitivity results as well
as patient demographics from the microbiology registers were
captured. Data capturing was done using a Microsoft Excel 2010-
based pre-designed data abstraction tool. The entered data were
checked for completeness and accuracy, and a basic descriptive
analysis of the resistance profiles of isolated organisms was
performed.

3. Results
3.1. Clinical specimens and isolated pathogens

A total of 3092 records were reviewed in the two microbiology
laboratories, of which 57.7% (n = 1783) were from MRRH and 42.3%
(n =1309) from SRRH. Urine specimens were the most frequently
processed samples (n = 1211; 39.2%), followed by blood (n = 960;
31%), high vaginal swabs (n = 253; 8.2%), pus (n = 168; 5.3%),
indwelling urinary catheters (n = 126; 4.1%), pleural fluid (n = 106;
3.4%), stool (n = 95; 3.1%), wound swabs (n = 70; 2.3%), abscess (n =
51; 1.6%), sputum (n = 40; 1.3%), aspirates (n = 7; 0.2%), eye swabs (n
= 3; 0.1%), ear swabs (n = 1; 0.05%), and urethral swabs (n = 1;
0.05%). The most prevalent bacteria were E. coli (n = 442; 33.8%)
isolated predominantly from blood specimens-187 (42.3%) and
urine-184 (41.6%). Staphylococcus aureus was prevalent in 376
(22.8%) of the samples, more common in urine-200 (53.2%) and
blood-97 (25.8%). Klebsiella pneumoniae was detected in 237
(18.2%) specimens, mostly from blood-147 (62%) and urine-76
(32%). Streptococcus pneumoniae was obtained from 5.4% of the
samples (n = 76) predominantly from blood-42 (59.1%) and pus-19
(26.8%) (Tables 1 and 2).

3.2. Resistance profiles of the isolated microorganisms

The E. coli isolates exhibited high resistance rates to the
extended spectrum penicillins such as ampicillin (n = 439; 99.3%)
and amoxicillin/clavulanate (n = 369; 83.5%). The isolates showed a
substantial degree of resistance to the oral cephalosporins
cefotaxime (n = 328; 74.2%) and cefoxitin (n = 407; 92.1%). The
resistance rates to other antibacterial agents were also high:

Table 1
Prevalence of clinical isolates from MRRH and SRRH between January 2016 and December 2018.
Hospital
N (%) N (%) Total prevalence counts (%)

Isolates MRRH SRRH
Escherichia coli 311 (23.8) 131 (10) 442 (33.8)
Staphylococcus aureus 198 (15.2) 178 (13.6) 376 (28.8)
Klebsiella pneumoniae 233 (17.9) 4(0.3) 237 (18.2)
Streptococcus pneumoniae 38(2.9) 38(2.9) 76 (5.8)
Streptobacillus Spp. 38(2.9) 34 (2.6) 72 (5.5)
Klebsiella aerogenes 2(0.2) 16 (1.2) 18 (1.4)
Proteus Spp. 1(0.1) 6 (0.5) 7 (0.5)
Enterobacter Spp. 0 (0) 2(0.2) 2(0.2)
Citrobacter Spp. 2(0.2) 0(0) 2(0.2)
Salmonella Spp. 1(0.1) 0 (0) 1(0.1)
Coliforms® 37 (2.8) 0(0) 37 (2.8)
Pseudomonas aeruginosa 10 (0.8) 4(0.3) 14 (1.1)
Acinetobacter baumannii 2(0.2) 0(0) 2(0.2)
Burkholderia gladioli 1(0.1) 0 (0) 1(0.1)
Enterococcus Spp. 0 (0) 10 (0.8) 10 (0.8)
Staphylococcus epidermidis 6 (0.5) 0(0) 6 (0.5)
Haemophilus influenzae 6 (0.5) 0 (0) 6 (0.5)
Saccharomyces cerevisiae 2 (0.2) 0 (0) 2(0.2)
Total isolates 882 (67.6) 423 (32.4) 1305 (100)

@ Other Gram-negative rods not identified to genus/species level.
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Table 2

Distribution of the most prevalent microorganisms isolated across different clinical specimens.
Type of specimen* Bacterial isolates

Escherichia coli Staphylococcus aureus Klebsiella pneumoniae Streptococcus pneumoniae

Urine (N = 576) 184 (41.6) 200 (53.2) 76 (32) 0
Blood (N = 488) 187 (42.3) 97 (25.8) 147 (62) 42 (59.1)
Pus (N = 72) 29 (6.6) 24 (6.4) 3(1.3) 19 (26.8)
High vaginal swab (N = 59) 19 (4.3) 16 (4.3) 7 (3) 0
Stool (N = 48) 13 (2.9) 15 (4) 0 0
Indwelling urinary catheter (N = 24) 0 12 (3.2) 1(0.4) 0
Pleural fluid (N = 18) 4(0.9) 6 (1.6) 3(1.3) 10 (14.1)
Sputum (N = 7) 1(0.2) 3(0.8) 0 3(3.9)
Aspirate (N =7) 3(0.7) 0 0 1(1.3)
Eye swab (N = 3) 1(0.2) 1(0.3) 0 1(1.3)
Ear swab (N =1) 0 1(0.3) 0 0
Urethral swab (N =1) 0 1(0.3) 0 0
Abscess (N=1) 1(0.2) 0 0 0
Total number® (%; N = 1305, [100]) 442 (37.4) 376 (31.8) 237 (20) 76 (5.4)

¢ Number and proportion of isolates from a specified sample N (%).
b percentages represent frequencies of bacterial species across all specimens.

ciprofloxacin-49.3% (n = 218), gentamicin-51.8% (n = 229),
trimethoprim-sulfamethoxazole-74.1% (n = 331), imipenem-3.2%
(n = 14). Klebsiella pneumoniae isolates showed lower rates of
resistance compared with E. coli: amoxicillin/clavulanate-64.6% (n
= 153), cefotaxime-52.7% (n = 125), cefoxitin-55.3% (n = 131),
ciprofloxacin-27.8% (n = 66), gentamicin-76% (n = 189), tetracy-
cline-74.5% (n = 187), trimethoprim-sulfamethoxazole-74.3% (n =
176). However, carbapenem resistance was slightly higher
compared with that of E. coli-imipenem 10.5% (n = 25) (Table 3).
The Gram-positive bacteria also showed resistance to commonly
used antibacterial drugs. Staphylococcus aureus: amoxicillin/
clavulanate-98.4% (n = 125), ampicillin-88% (n = 331), cefotax-
ime-39.8% (n = 150), cefoxitin-44.4% (n = 167), ciprofloxacin-62.2%
(n = 234), trimethoprim-sulfamethoxazole-88% (n = 331). In total,
412% (n = 155) of the isolates were vancomycin-resistant.
Streptococcus pneumoniae exhibited high rates of resistance, as
well: amoxicillin/clavulanate-49.7% (n = 187), cefotaxime-32.3% (n
= 41), cefoxitin-40.9% (n = 52), ciprofloxacin-94.5% (n = 120),
tetracycline-97.6% (n = 124), trimethoprim-sulfamethoxazole-
91.3% (n = 116) (Table 3).

4. Discussion

Escherichia coli (33.8%), S. aureus (28.8%), K. pneumoniae (18.2%),
and S. pneumoniae (5.8%) were the most prevalent bacteria, with

high rates of antimicrobial resistance to cephalosporins (cefo-
taxime) and penicillins (ampicillin), gentamicin and co-trimox-
azole and a relatively lower resistance to imipenem, vancomycin
(for S. aureus) and piperacillin. A study conducted in central
Uganda also detected high resistance rates of E. coli and K.
pneumoniae isolates combined: trimethoprim/sulfamethoxazole
70%, amoxicillin/clavulanate 36%, piperacillin/tazobactam 27%,
cefoxitin 22%, cefepime 15%, chloramphenicol 20%, ciprofloxacin
11%, and gentamicin 11% [12]. Another similar study from the
region, reported resistance to at least one third-generation
cephalosporin in isolates from sputum and wound swab speci-
mens from patients attending a tertiary healthcare facility in
Kigali, Rwanda [13]. Eight per cent of E. coli isolates demonstrated
resistance to imipenem, whereas in our study the rate was
lower-3.2%.

Besides being resistant to several beta-lactam antibiotics, the
Enterobacterales isolates recovered in Mbale and Soroti regional
hospitals between January 2016 and December 2018 showed high
resistance rates to the commonly used oral antibiotics such as
ciprofloxacin, cotrimoxazole, and tetracycline. The resistance
exhibited by the microorganism to some of these antibiotics can
be associated with certain factors in our environmental settings,
for example, the prophylactic use of co-trimoxazole in patients
with HIV could be one of the driving factors in the increasing
resistance to trimethoprim-sulfamethoxazole [14].

Table 3

Resistance profile of isolated microorganisms.
Antibiotics Escherichia coli Klebsiella pneumoniae Staphylococcus aureus Streptococcus pneumoniae

n (%) n (%) n (%) n (%)

Amoxicillin/clavulanate 369 (83.5) 153 (64.6) 187 (49.7) 125 (98.4)
Ampicillin 439 (99.3) * 331 (88) *
Cefotaxime 328 (74.2) 125 (52.7) 150 (39.8) 41 (32.3)
Cefoxitin 407 (92.1) 131 (55.3) 167 (44.4) 52 (40.9)
Ciprofloxacin 218 (49.3) 66 (27.8) 234 (62.2) 120 (94.5)
Chloramphenicol * * 260 (69.1) 35 (27.6)
Clindamycin * * 81 (21.5) 31 (244)
Gentamicin 229 (51.8) 89 (76) 313 (83.2) 85 (66.9)
Imipenem 14 (3.2) 25 (10.5) 15 (3.9) 5(3.9)
Ofloxacin 441 (99.8) * 268 (71.3) *
Penicillin 385 (87.10) * 175 (46.5) *
Piperacillin 103 (23.3) 173 (73) 137 (36.4) 40 (31.5)
Tetracycline 433 (98) 187 (74.5) 322 (85.6) 124 (97.6)
Trimethoprim-sulfamethoxazole 331 (74.1) 176 (74.3) 331 (88) 116 (91.3)
Vancomycin * * 155 (41.2) *

Antibiotic not tested is indicated by *.

Numbers represent total number of isolates tested and (percentage of resistant isolates).
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Heidary et al. [15] reported drug-resistant K. pneumoniae strains
to ceftazidime and imipenem-55.7% and 3.2%, respectively. A high
rate of resistance in K. pneumoniae isolates was seen towards
ampicillin (82.2%), aztreonam (55.4%), and nitrofurantoin (54.5%).
Several studies have reported high rates of MDR strains in different
regions of Africa and the world at large [16-18]. The increase in
resistance has a great impact on the economy of both developed
and developing countries as it is most likely to affect the labour
force through mortality and morbidity [19,20]. Our study also
detected a substantially high resistant rate of K. pneumoniae to
imipenem (10.5%). Numerous reports on carbapenem-resistant K.
pneumoniae have been published around the world [21-23]. The
emergence of carbapenem-resistant K. pneumoniae has been
associated with the wide spread of carbapenemases and the
increasing unrestricted use of carbapenem as a last resort for the
treatment of multidrug-resistant infections [24-26].

There are various studies reporting methicillin-resistant S.
aureus (MRSA) isolates [27]. Ld et al. [28] reported the average
prevalence of S. aureus in 122 patients as 53.9% for both inpatients
and outpatients at Lacor hospital in Uganda. The average antibiotic
susceptibility patterns for the eight antibiotics tested were:
ampicillin (75.0%), chloramphenicol (34.4%), ciprofloxacin (1.6%),
erythromycin (7.8%), gentamycin (0%), oxacillin (1.6%), tetracycline
(45.3%), and co-trimoxazole (50%). To the contrary, the S. aureus
isolates in our study were largely resistant to cefoxitin (44.4%),
gentamicin (83.2%), and tetracycline (85.6%). With limited
treatment options, MRSA infections could complicate clinical
treatment of the infections and are associated with higher
mortality and increased treatment costs [29].

Pneumococcal resistance to commonly used antimicrobial
agents has been reported and is becoming a public health concern.
Infections by this pathogen have been associated with a million of
deaths globally [30]. Findings from our study similarly show a
relatively high resistance exhibited by these bacteria to cefotaxime
(32.3%), ciprofloxacin (94.6%), amoxicillin/clavulanate (98.4%),
tetracycline (97.6%), and trimethoprim-sulfamethoxazole (91.3%).
These antibiotics are part of empirical therapy that has been
previously effective against S. pneumoniae infection. However, the
emerging increase in the resistance to each of these agents creates
significant barriers to the effective treatment of pneumococcal
infections.

Our study has several limitations. It is a retrospective
observational study that was performed in tertiary hospitals,
where patients usually have many comorbidities often requiring
multiple exposures to healthcare settings. All of these are known
risk factors for AMR; therefore, the rates of resistance described in
our study might not be a true estimate of the actual burden in the
country. We have not assessed the quality and reliability of data
generated at the two sites, as well as the methods and procedures
for culture and susceptibility testing used at the microbiology
laboratories of the two hospitals. The clinical significance of
specimen culture results could not be ascertained as the link of the
microbiology and clinical patient data could not be retrieved.
Furthermore, it was challenging to reconstruct the gaps in the raw
data (handwritten records, missing data regarding ward/depart-
ment, diagnosis, symptoms of the patient). Lack of in-depth data
on clonality of the isolates from molecular typing methods puts a
limitation to the analysis and interpretation of the local spread of
certain clones and types, crucial for surveillance and subsequent
measures that need to be implemented to prevent that spread.

In conclusion, we reviewed a relatively large number of isolates
from two hospitals in Uganda and there is limited information
from this part of the world, therefore establishing a baseline is
important in allowing future trends to be tracked. We also report a
high prevalence of antibiotic resistance exhibited by E. coli, S.
aureus, K pneumoniae, and S. pneumoniae to antibiotics commonly
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prescribed in two tertiary hospitals in Eastern Uganda. The high
levels of antimicrobial resistance reported in this study could be
attributed to unnecessary antibiotic use or misuse, poorly trained
healthcare personnel with motives of cutting treatment costs,
hasty treatment of suspected bacterial infections without a
conclusive laboratory investigation, under treatment of severe
bacterial infections; lack of strong government drug regulation
policies on use, importation and sale of substandard drugs by
unlicensed drug shops and pharmacies in low-income countries
such as Uganda [21-23]. Irrational drug practices such as over-the-
counter use of antibiotics and self-medication may result in
patients taking antibiotics for non-infectious causes, and inade-
quate dosing may result in suboptimal plasma and tissue drug
concentrations, which can promote generation of bacterial strains
that are drug-resistant [24,25]. We, therefore, recommend that
accurate and reliable microbiology diagnostics is conducted before
prescription to guide clinicians in prescribing the most appropriate
targeted treatment for infectious diseases.
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