
Sys Rev Pharm 2022; 13(11): 733-743
A multifaceted review journal in the field of pharmacy Research Article

Systematic Review Pharmacy 733

Quantification and Molecular Characterization of 
Extended Spectrum Beta-Lactamase Producing 

Enterobacteriaceae from Agropastoral Communities of 
Mbarara District, South Western Uganda

Ivan Muhwezi1*, Joel Bazira1, Henry Zamarano1, Frederick Byarugaba1, Wilber Sabiiti2, Mathew Holden2, Benon B Asiimwe3

1Department of Microbiology, Mbarara University of Science and Technology, Mbarara, Uganda
2Department of Medicine, University of St Andrews, St Andrews, United Kingdom
3Department of Medical Microbiology, School of Biomedical Sciences, College of Health Sciences, Makerere University, Kampala, 
Uganda

INTRODUCTION
Resistance of pathogenic bacteria to available antimicrobial agents 
has become a worldwide public health concern requiring an ap-
propriate intervention (Laxminarayan R, et al., 2013). This has 
made the treatment of bacterial infections more difficult. The bu-
rden of Antimicrobial Resistance varies greatly across continents 
worldwide. Resistance to antimicrobial agents in middle income 
countries is generally higher than that in high income countries, 
with general prevalence varying between 20%-70% (Klein EY, 
et al., 2019). To date, 52 countries are included in World Health 
Organization’s Global Antimicrobial Surveillance System with 
resistance reported between 8%-65% (WHO, 2018). In East Af-
rica where Uganda is found, Antimicrobial Resistance (AMR) of 
Enterobacteriaceae is estimated between 46%-69% according to a 
situational analysis in the review of AMR in East Africa (Ampaire 
L, et al., 2016).
The global burden of Extended Spectrum Beta-Lactamase pro-
ducing Enterobacteriaceae is estimated to be between 25%-50% 
in infections and 20%-40% in healthy population (Frost I, et al., 
2019) while in Uganda, the burden varies greatly according to the 
region and whether the study included inpatients only, outpatient 

only or both and is generally between 5%-62% (Kateregga JN, et 
al., 2015; Najjuka CF, et al., 2016).
Extended Spectrum Beta-Lactamase (ESBL) producing Entero-
bacteriaceae have become a challenge to patients, clinicians, 
public health professionals in healthcare facilities (Ben-Ami R, et 
al., 2006). Community acquired infections due to ESBL produ-
cing organisms have been described in some countries including 

usually Urinary Tract Infections (UTIs). 
Most bacterial infections are treated with Beta- Lactam antibiot-
ics especially in rural areas of Uganda which include urinary tract 
infections, bacteremia, respiratory infections and sepsis (An-
drew B, et al., 2017). However, most Enterobacteriaceae produce 
𝛽-lactamase enzymes so as to overcome the action of 𝛽-lactam 
antibiotics (Shaikh S, et al., 2015). Extended-Spectrum Beta-Lac-
tamases (ESBLs) are the type of 𝛽-lactamase enzymes produced 
by most members in the family of Enterobacteriaceae (Brolund A, 
2014) enabling the bacteria to resist penicillins, cephalosporins up 
to third generation and aztreonam by hydrolysis (Pagani L, et al., 
2002) and the genes responsible for production of these enzymes 
are encoded on mobile genetic elements which facilitates spread 

ABSTRACT
Background: Bacterial infections are the commonest 
in both community and healthcare settings. Emergen-
cy of Extended Spectrum Beta-Lactamase producing 
Enterobacteriaceae has contributed to poor clinical 
outcomes. More efforts regarding antibiotic resistance 
have been dedicated to clinical settings and we do not 
know the extent of the catastrophe in community set-
tings. We aimed at determining the burden, antimicro-
bial susceptibility patterns and molecular characteris-
tics of Extended Spectrum Beta-Lactamase producing 
Enterobacteriaceae in agro-pastoral communities of 
Mbarara district, South Western Uganda.

Methods: A laboratory based descriptive cross-sec-
tional study was carried out among Enterobacteriace-
ae isolated from outpatients presenting with signs and 
symptoms of Urinary Tract Infections. Urine samples 
were delivered to Microbiology Laboratory of Mbar-
ara University of Science and Technology for culture, 
identification, testing for ESBL production and Antibi-
otic Susceptibility Testing. Molecular characterization 
of ESBL producing Enterobacteriaceae was carried 
out at Medical and Molecular Laboratories Limited of 
Makerere University.

Results: A total of 88 Enterobacteriaceae fulfilling 
the inclusion criteria were considered into the study. 
Escherichia coli 70.45% and Klebsiella pneumoniae 

13.64% were the most isolated followed by Klebsiel-
la oxytoca, Proteus mirabilis and Enterobacter aero-
genes at 10.23%, 3.41% and 2.27% respectively. The 
production of ESBL was observed at 23.86%. Gener-
ally, high resistance rates were observed against Am-
picillin 100%, Cefepime 100%, Aztreonam 95.24%, 
Nalidixic acid 90.48%, Ciprofloxacin 85.71% and 
Amoxicillin/clavulanate 80.95%. High rates of sensi-
tivity were observed to Meropenem 95.24%, Imipen-
em 95.24%, Amikacin 95.24%, Gentamycin 90.48%, 
Cefoxitin 76.19% Piperacillin/tazobactam 80.95% and 
Nitrofurantoin 66. 67%. Multi-Drug Resistance (MDR) 
was observed at 85.71%. The most prevalent genes 
in ESBL producing Enterobacteriaceae were CTX-MU 
(Cefotaxime-Munich) 46.7%, TEM 30.00% and SHV 
(Sulfhydryl Reagent Variable) 23.3%.

Conclusion: We demonstrated high prevalence, an-
tibiotic resistance rates among Extended Spectrum 
Beta-Lactamase producing Enterobacteriaceae in the 
community. We recommend more community ESBL 
related studies and a One Health Approach to guide 
public health interventions.
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of these genes between bacteria of same or different species (Coque TM, 
et al., 2002). These big plasmids also carry genes for resistance to other 
antibiotics such as aminoglycosides, trimethoprim, sulphonamides, tetra-
cyclines and chloramphenicol (Paterson DL, 2000) which makes treat-
ment of bacterial infections even more difficult. This has been illustrated 
by recent community surveys from Canada (Pitout JD, et al., 2004), Italy 
(Brigante G, et al., 2005), Spain (Rodríguez-Bano J, et al., 2004), Greece 
(Pournaras S, et al., 2004) and United Kingdom (UK) (Woodford N, et 
al., 2004). Recent studies in Uganda have pointed out inappropriate use 
of antimicrobial agents in animal industry as one of the major drivers to 
the emergence of Antimicrobial Resistance among microbes (Disassa N, 
et al., 2017).
An agro-pastoral community is one that is involved in practice of agricul-
ture that involves both growing of crops and rearing of animals and such 
a community is appropriate for study of ESBL producing microorganisms 
since AMR is primarily as a result of continuous exposure of bacterial 
strains to beta-lactam antibiotics leading to production of these enzymes 
(Pitout JD and Laupland KB, 2008) and these communities are involved 
in such activities where they are more likely to use different antimicrobial 
agents compared to other communities. 
The increased application of antimicrobial agents in treatment of human 
bacterial infections, agriculture and environment has primarily contribut-
ed to this phenomenon (Mukonzo JK, et al., 2013). More so, over 40% of 
health seeking individuals at health care facilities in Uganda are prescribed 
with antibiotics (Theuretzbacher U, et al., 2017). These antimicrobial 
agents are easily accessible even without prescription over the counter in 
drug shops and community pharmacies sometimes in over or under doses 
(Stanley IJ, et al., 2018). ESBL producing microorganisms have achieved 
significant attention in health care facilities and a number of studies have 
been done in such settings due to a number of nosocomial infections that 
they cause (Yadav RR and Chauhan PB, 2016) and less is known as far as 
community acquired infections are concerned. 
Recent studies about ESBL producing Enterobacteriaceae in out-patients 
suggest that significant reservoirs of these microorganisms exist outside of 
hospitals and these infections may be an emerging challenge in commun-
ity settings in various parts of the world (Rodríguez-Bano J, et al., 2004; 
Arpin C, et al., 2003; Colodner R, et al., 2004; Borer A, et al., 2002; Valverde 
A, et al., 2004). Possible community acquired ESBL producing isolate was 
first reported in 1998 from Ireland much as the type of the enzyme was not 
specified (Cormican M, et al., 1998). In addition, current research shows 
that these pathogens should not be exclusively considered to be involved 
in only nosocomial infections as they were isolated in urinary tract infec-
tions (Colodner R, et al., 2004) and bacteremia (Borer A, et al., 2002) in 
non-hospitalized patients. Recent findings from Spain show that 3.7%-
5.5% of the isolates from stool samples of out-patients (Valverde A, et al., 
2004) were ESBL producing. Another study conducted in Canada about 
emergence of ESBL producing Enterobacteriaceae in community showed 
a prevalence of 13.7% of the ESBL phenotype (Ben-Ami R, et al., 2006). 
The significance of community acquired ESBL producing Enterobacteri-
aceae in the epidemiology of ESBL in healthcare facilities in agro-pastoral 
communities of Mbarara District, Western Uganda is currently unknown. 
Failure to recognize the emergence of ESBL producing Enterobacteriaceae 
in the community and the influx of ESBL producing organisms into hos-
pitals could undermine infection control measures in hospitals and ren-
der empirical antibiotic therapy inadequate. Therefore this study seeks to 
quantify and characterize ESBL producing Enterobacteriaceae in selected 
health facilities in agro-pastoral communities of Mbarara District, South 
Western Uganda.

METHODOLOGY
Study design
This was a descriptive cross-sectional study in which quantification, anti-
microbial susceptibility testing and molecular characterization of Extended 
Spectrum Beta-lactamase were performed on Enterobacteriaceae isolates 
from out-patients attending Rubaya Health Centre III (HCIII), Bwizib-
wera Health Centre IV (HCIV) and Mbarara Regional Referral Hospital 
in agro-pastoral communities of Mbarara District, Western Uganda. The 
study included all Enterobacteriaceae isolated from urine of outpatients 
who were from agro-pastoral communities in Mbarara district, suspected 
to have urinary tract infections, and attending the study clinics. Only iso-
lates from urine of participants who had not visited any health facility in 
the previous one month were considered.

Sample collection and handling
Urine samples were collected in sterile urine containers. 1 μL of urine 
was cultured on sterile CLED (Cysteine-Lactose-Electrolyte-Deficient) 
agar, incubated aerobically at 37°C overnight. The plates were checked for 
growth on the next day.

Identification of Enterobacteriaceae 
The bacterial isolates were purified by streaking onto MacConkey agar 
and incubated for 18-24 hours at 35°C-37°C in aerobic conditions. Gram 
staining was done, lactose and non-lactose fermenting isolates from the 
streaked area were processed for biochemical testing. 
Biochemical tests included Indole test, urease production, citrate utiliza-
tion, motility, Lysine decarboxylation and carbohydrate utilization tests. 
Analytical Profile Index (API) system was used to confirm the identity of 
Enterobacteriaceae. 

Phenotypic Screening of Enterobacteriaceae for Extend-
ed-Spectrum β-Lactamases (ESBLs) production
Phenotypic screening of Enterobacteriaceae for ESBL production was done 
using Cefotaxime (CTX) (30 μg) and Ceftazidime (CAZ) (30 μg) antibiot-
ic discs. The isolates were cultured on Muller Hinton agar at 35℃-37℃ 
overnight. A sterile cotton swab was used to pick the isolates from Muller 
Hinton agar into a tube containing sterile normal saline (0.85% NaCl) to 
prepare the bacterial suspension whose turbidity shall be adjusted to 0.5 
McFarland standards. Adjustng the turbidity to 0.5 McFarland was done 
using a densimeter machine.
The suspension was inoculated onto Muller Hinton agar plate using a 
sterile cotton swab by surface spreading method. The above antibiotic 
discs were placed on Muller Hinton agar at a distance of 30 mm apart. 
The plates containing the organisms and antibiotic discs were incubated 
at temperature of 35℃-37℃ overnight. The zone diameters were read 
and converted into millimeters and an interpretation of either Sensitive 
(S) or Resistant (R) were made. The interpretation was made using CLSI 
guidelines 30th version. Enterobacteriaceae, which showed resistance to 
any one of the used antibiotics, was considered as screen positive. These 
were further confirmed for ESBL production using Double Disc Synergy 
Test (DDST) method.

Confirmation of ESBL producing Enterobacteriaceae
Double Disc Synergy method: The turbidity of Enterobacteriaceae sus-
pension was adjusted to 0.5 McFarland standards and was spread on Muel-
ler Hinton agar plate using sterile cotton swab. An antibiotic disc of Cef-
tazidime (CAZ) (30 μg) alone and a disk of Ceftazidime in combination 
with Clavulanic acid (CAL) (30/10 μg) or a disc of Cefotaxime (CTX) (30 
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μg) alone and a disc of Cefotaxime in combination with Clavulanic acid 
(CTC) (30/10 μg) were used. The discs were placed about 25 mm apart 
and the plates containing the test organism and the discs were incubated 
at 35°C-37°C overnight. The zones of inhibition for both the single and 
combined discs were measured. An increase in zone diameter of ≥ 5 mm of 
the disc containing Clavulanic acid as compared to that without Clavulanic 
acid were considered ESBL positive (Moses A, et al., 2014). The Figure 1 
above represents Double Disc Synergy method for confirmation of ESBL 
positive Enterobacteriaceae where CAZ represents single Ceftazidime disc 
while CAL represents combined disc of Ceftazidime and Clavulanic acid. 

Antibiotic susceptibility testing
The antibiotic susceptibility testing was performed on Enterobacteriaceae 
isolates that were ESBLs positive according to Clinical and Laboratory 
Standards Institute (Moses A, et al., 2014). This was done by preparing the 
bacterial suspension with turbidity equivalent to 0.5 Mac Farland standard. 
The bacterial suspension was spread on freshly prepared Muller Hinton 
agar using a sterile cotton swab. The ESBLs producing Enterobacteriaceae 
were tested on the following antibiotics: Ampicillin (10 μg), Ceftriaxone 
(30 μg), Cefepime (30 μg), Imipenem (10 μg), Meropenem (10 μg), Ami-
kacin (30 μg), Cefoxitin (30 μg), Nalidixic acid (30 μg), Ciprofloxacin (5 
μg), Nitrofurantoin (300 μg), Amoxicillin-Clavulanate (20/10 μg), Piper-
acillin-Tazobactam (100/10 μg) Gentamicin (10 μg) and Aztreonam (30 
μg). Muller Hinton agar plates containing the test organism and antibiotic 
discs were incubated overnight at 35°C-37°C. Zones of inhibition were 
measured and an interpretation of whether Sensitive (S) or Resistant (R) 
was done according to Clinical and Laboratory Standards Institute (Moses 
A, et al., 2014). 
Reference strains were used for quality control of antibiotic discs used and 
to check the performance of culture media. The reference strains used 
included Escherichia coli ATCC 25922 and Klebsiella pneumoniae ATCC 
700603.

Detection of genes associated with ESBLs production
Molecular characterization of ESBLs producing Enterobacteriaceae was 
done using Polymerase Chain Reaction (PCR). Genotyping of ESBLs pro-
ducing Enterobacteriaceae was done by performing Polymerase Chain 
Reaction (PCR) while using primers that are specific for the detection of 
blaTEM, blaSHV, and blaCTX-MU genes. DNA extraction was done using boiling 
lysis method.
This was carried out at Medical and Molecular Laboratories, Makerere 
University, Uganda. The genes were amplified using primers and condi-
tions similar to those described in the study carried out in Southwestern 
Uganda (Moses A, et al., 2014). The frozen Enterobacteriaceae isolates 

were thawed, sub-cultured and incubated at 35℃-37℃ for 18 hrs. Visual-
ization of results was carried out using 1.2% agarose electrophoresis and 
bioimager.
The Figures 2-4 above represent gel images of ESBL genes that encode 
ESBL enzymes. Well L in the figure represents the Ladder; the wells 1 and 
2 represent positive and negative controls respectively while wells 3-16 are 
sample wells. The genes CTX-MU, TEM and SHV are responsible for pro-
duction of ESBL enzymes that enable the bacteria to confer resistance to 
third and fourth generation cephalosporins. 

Data analysis
Data was entered into Microsoft Excel, double-checked for completeness, 
cleaned and exported to STATA (v13) for analysis. Data handled included 
ESBL status, antibiotic susceptibility patterns and results and socio-demo-
graphic data on age, gender and agricultural background which were ana-
lyzed as follows; Descriptive statistics of demographic variables on age, 
gender and agricultural background were summarized and presented as 
frequencies and percentages. ESBL status was determined using descrip-
tive statistics as either positive or negative and summarized as percentages. 
Antibiotic susceptibility patterns of ESBL positive Enterobacteriaceae were 
determined in terms of percentages of Sensitive or Resistant. Descriptive 
statistics of Genes present in the ESBL positive Enterobacteriaceae were 
summarized and presented as frequencies or percentages. 
Age of the participant where the bacteria was isolated was important to 
identify the age group at risk of infection with ESBL producing Enterobac-
teriaceae, sex of the participant was important to know the gender mostly 
affected by ESBL producing Enterobacteriaceae while agricultural back-
ground was used to establish the likelihood of acquiring ESBL producing 
Enterobacteriaceae from livestock. All this information was extracted from 
Holistic Approach to Unravel Antibacterial Resistance in East Africa (HA-
TUA) study database.

Figure 1: Confirmation of ESBL producing Enterobacteriaceae us-
ing Double Disc Synergy Test (DDST)

Figure 2: CTX-MU (Cefotaxime-Munich) gene:  600 bps 

Figure 3: TEM gene: 800 bps

Figure 4: SHV (Sulfhydryl Reagent Variable) gene: 100 bps
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Prevalence of Extended Spectrum Beta-Lactamase (ESBLs) 
producing Enterobacteriaceae 
Figure 6 above shows the proportion of ESBL producing Enterobacteri-
aceae isolated from community acquired urinary tract infections. Out of 
88 Enterobacteriaceae isolated, 21(23.86%) were phenotypically confirmed 
as producers of Extended Spectrum Beta-Lactamases. This was confirmed 
by double disc synergy method.

Risk factors to Extended Spectrum Beta-Lactamase (ESBLs) 
production
Table 2 above shows risk factors associated with colonization with ESBL 
producing Enterobacteriaceae. There was a significant association between 
Extended Spectrum Beta-Lactamase production among Enterobacteri-
aceae and gender of the participants (P-value=0.002). Age categories, live-
stock possession and health facility were not associated with ESBL produc-
tion among Enterobacteriaceae.
Table 2: Factors associated with Extended Spectrum Beta-Lactamases 

(ESBLs) production
Variable Category Frequency (n) P-value
Gender Female 15 0.002

Male 6
Age category 14 years and below 1 0.68

15-29 11
30-44 7
45-59 2
60-74 0

Livestock pos-
session

Yes 14 0.663
No 7

Health facility Mbarara Regional 
Referral Hospital

11 0.62

Bwizibwera Health 
Centre IV

6

Rubaya Health Centre 
III

4

Antibiotic susceptibility patterns of Extended Spectrum Be-
ta-Lactamase (ESBLs) producing Enterobacteriaceae
Table 3 above shows antibiotic susceptibility patterns of confirmed ESBL 
producing Enterobacteriaceae. Extended Spectrum Beta-Lactamase pro-
ducing Enterobacteriaceae were tested on 13 antibiotics to determine disc 
susceptibility profiles. Extended Spectrum Beta-Lactamase producing 
Enterobacteriaceae were most Resistant to Ampicillin, Cefepime, Aztreon-
am, Nalidixic acid, Ciprofloxacin and Amoxicillin/clavulanate at 100%, 
100%, 95.24%, 90.48%, 85.71%, 80.95% and 61.90% respectively. 

RESULTS
Socio-demographic characteristics of participants colonized 
by Enterobacteriaceae
Table 1 above shows Socio-demographic characteristics of participants 
colonized by Enterobacteriaceae. Out of 88 participants colonized by 
Enterobacteriaceae, 76(86.36%) were females, the age category of 15-44 
years had the highest number of participants at 60(68.18%) while 14 years 
and below category had the least number at 2(2.27%) colonized by Entero-
bacteriaceae. The number of participants who possessed livestock were 
62(70.45%), Mbarara Regional Referral Hospital yielded the highest num-
ber of participants colonized by Enterobacteriaceae at 41(46.59%) followed 
by Bwizibwera HCIV at 33(37.50%) and Rubaya HCIII at 14(15.9%). 

Table 1: Socio-demographic characteristics of study participants col-
onized with Enterobacteriaceae

Variable Category Frequency (n) Proportion (%)
Gender Female 76 86.36

Male 12 13.64
Age 14 years and below 2 2.27

15-29 33 37.5
30-44 27 30.68
45-59 22 25
60-74 4 4.55

Livestock 
possession

Yes 62 70.45
No 26 29.55

Health 
facility 

Mbarara Regional 
Referral Hospital

41 46.59

Bwizibwera Health 
Centre IV

33 37.5

Rubaya Health Centre 
III

14 15.9

Bacterial isolation trends from participants with community 
acquired Urinary Tract Infections
Figure 5 above shows the proportion of Enterobacteriaceae isolated from 
community acquired urinary tract infections. Of 88 Enterobacteriaceae 
isolated, 62(70.45%) were Escherichia coli, 12(13.64%) were Klebsiella 
pneumoniae, Klebsiella oxytoca were 9(10.23%), 3(3.41%) were Proteus 
mirabilis while 2(2.27%) were Enterobacter aerogenes. Escherichia coli are 
the most prevalent uropathogen followed by Klebsiella pneumonia because 
they are more adapted to the tropical climate compared to other Entero-
bacteriaceae. Besides E. coli can easily gain entry into the urinary tract via 
stool.

Figure 5: Isolation trends of Enterobacteriaceae from community 
acquired Urinary Tract Infections (UTIs)

Figure 6: Prevalence of Extended Spectrum Beta-Lactamase pro-
ducing Enterobacteriaceae
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health facilities even when they are sick. This percentage is higher com-
pared to 58% previously reported in Sri Lanka (Priyadharshana U, et al., 
2019) and another related study conducted in Spain which reported bac-
terial isolation rates of 57% among females.
A related study conducted in Pakistan revealed a lower prevalence of Urin-
ary Tract Infections among females at 72% (Barguigua A, et al., 2013). The 
most affected age category was 15-29 followed by 30-44 years at 37.50% 
and 30.68% respectively. This can be attributed to the fact that it is the most 
sexually active age hence higher chances of contracting Urinary Tract In-
fections (Barguigua A, et al., 2013). However the association between age 
and infection was not statistically significant in the current study. 
It was reported that most participants infected with Enterobacteri-
aceae possessed livestock at 70.45%. This is because Mbarara is found in 
south-western region of Uganda where most occupants are agro-pastor-
alists. 
Mbarara Regional Referral Hospital (MRRH) yielded the highest number 
of participants infected with Enterobacteriaceae at 46.59% followed by 
Bwizibwera HCIV and then Rubaya HCIII. This is because MRRH is a 
high volume facility compared to Bwizibwera HCIV and Rubaya HCIII 
and the fact that it is a regional referral hospital makes I attract more pa-
tients seeking for quality services in addition to having complicated cases. 

Bacterial isolation trends
The most isolated organism from urine was Escherichia coli at 70.45% 
followed by Klebsiella spp, proteus mirabilis and Enterobacter aerogenes. 
The findings are consistent with other studies indicating that Escherichia 
coli is the commonest bacteria implicated in community acquired UTIs 
(Abraham S, et al., 2012) and other bacterial infections (Cantón R, et al., 
2012; Nepal K, et al., 2017). However the isolation rate of Escherichia coli 
from this study was slightly lower compared to the common isolation rates 
which are reported between 75%-90% (Chakrawarti A, et al., 2015).
A related study in Uganda demonstrated that Escherichia coli was the most 
isolated organism among outpatients at 89% which is higher than the 
isolation rate reported in our study (Najjuka CF, et al., 2016). It has been 
reported previously that Escherichia coli and Klebsiella spp are the major 
ESBL producing Enterobacteriaceae isolated from both community and 
hospital settings (Koksal E, et al., 2019; Kuster SP, et al., 2010; Hyle EP, et al., 
2005; Pitout JD, et al., 2004) which is in agreement with results from this 
study. A related study in Pakistan demonstrated 33.5% prevalence of ESBL 
among Escherichia coli and 15.25% among Klebsiella spp. 

Proportion of Extended Spectrum Beta-Lactamase (ESBLs) 
producing Enterobacteriaceae
The current study reported the prevalence of Extended Spectrum Be-
ta-Lactamase producing Enterobacteriaceae at 23.86% demonstrating an 
increase in community spread of Extended Spectrum Beta-Lactamase 
producing Enterobacteriaceae in Uganda as compared to a previous study 
by Najjuka CF, et al., 2016.
The results from this study demonstrated higher prevalence of Extended 
Spectrum Beta-Lactamase producing Enterobacteriaceae from the com-
munity compared to 8.5% prevalence reported in Nigeria (Nwafia IN, et 
al., 2019). 
A related study in Morocco demonstrated a lower prevalence of Extended 
Spectrum Beta-Lactamase producing Enterobacteriaceae at 7.5% (Bargu-
igua A, et al., 2013) compared to our study. This can be attributed to dif-
ference in climatic conditions, socio-economic factors and regulations re-
garding antibiotic use which act as major sources of selection pressure for 
production of ESBLs.
Related studies have reported higher prevalence of Extended Spectrum 
Beta-Lactamase producing Enterobacteriaceae compared to this study. 

Table 3: Antibiotic susceptibility patterns of phenotypically confirmed 
Extended Spectrum Beta-Lactamase producing Enterobacteriaceae 

(N=21)
Antibiotics Sensitive Resistant

Amoxicillin/Clavulanate (20/10 µg) 4 (19.05%) 17 (80.95%)
Ampicillin (10 µg) 0 21(100%)
Cefepime (30 µg) 0 21(100%)

Nalidixic acid (30 µg) 2(9.52%) 19(90.48%)
Aztreonam (10 µg) 1(4.76%) 20(95.24%)

Ciprofloxacin (5 µg) 3(14.29) 18(85.71%)
Meropenem (10 µg) 20 (95.24%) 1 (4.76%)

Piperacillin/Tazobactam (100/10 μg) 17(80.95%) 4(19.05%)
Nitrofurantoin (300 μg) 14 (66.67%) 7 (33.33%)

Gentamicin (10 µg) 19 (90.48%) 2 (9.52%)
Cefoxitin (30 μg) 16 (76.19%) 5(23.81%)
Amikacin (30 μg) 20 (95.24%) 1(4.76%)
Imipenem (10 μg) 20(95.24%) 1(4.76%)

Extended Spectrum Beta-Lactamase producing Enterobacteriaceae were 
most sensitive to Meropenem, Imipenem, Amikacin, Gentamycin, Ce-
foxitin, Nitrofurantoin and Piperacillin/tazobactam at 95.24%, 95.24%, 
95.24%, 90.48% 79.19%, 66.67% and 80.95% respectively. Multi Drug Re-
sistance was observed at 85.71%. 

Genotyping of Extended Spectrum Beta-producing Enterobac-
teriaceae
Table 4 above shows the prevalence of ESBL genes. The genes respon-
sible for ESBLs production were present in 19(90.48%) of the organisms 
while 2(9.52%) did not harbor the genes for ESBL even when they were 
phenotypically positive for ESBL production. The genes CTX-M, SHV and 
TEM were present in 2(9.52%) of the isolates, 3(14.29%) contained both 
CTX-M and SHV, 3(14.29%) contained both CTX-M and TEM, 1(4.76%) 
contained TEM and SHV. The organisms that contained CTX-M alone 
were 6(28.57), TEM alone were 3(14.29%) while 1 (4.76%) contained only 
SHV. All in all, 46.7% of genotypically positive ESBL Enterobacteriaceae 
contained CTX-M, 30% contained TEM and 23.3% contained SHV genes

Table 4: Prevalence of ESBLs Genes (N=21)
Genes Isolates Proportion (%)

CTX-M, SHV, TEM 2 9.52
CTX-M, SHV 3 14.29

TEM, SHV 1 4.76
CTX-M, TEM 3 14.29

Cefotaxime-Munich (CTX-M) alone 6 28.57
TEM alone 3 14.29

Sulfhydryl Reagent Variable (SHV) 
alone

1 4.76

No genes 2 9.52
Total 21 100

DISCUSSION 
Socio-demographic characteristics of study participants colo-
nized by Enterobacteriaceae
In the current study, females were the more infected with Enterobacteri-
aceae at 86.36% implicated in Urinary Tract Infections. This can be attrib-
uted to physiological and anatomical differences (Malik N, et al., 2015) 
compared to males. In addition males have poor health seeking behaviour 
compared to female counterparts and as such they are less likely to visit 
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to infection by Extended Spectrum Beta-Lactamase producing Enterobac-
teriaceae for instance a study in United States of America demonstrated 
that prior exposure to broad spectrum antibiotics, recent hospitalization 
and surgery were potential risk factors to infection with Extended Spec-
trum Beta-Lactamase Producing Enterobacteriaceae (Biehl LM, et al., 
2016).
A similar study conducted in Nigeria demonstrated that recent surgery, 
hospitalization, recent antibiotic uses were associated with colonization 
and infection with Extended Spectrum Beta-Lactamase producing Entero-
bacteriaceae (Nwafia IN, et al., 2019). A related study in Australia reported 
that recent fluoroquinolone use was related to production of ESBLs among 
Enterobacteriaceae due to accidental expression of genes because ESBL 
genes are located on the same plasmid with those genes responsible for 
quinolone resistance (Paterson DL, 2000) and a related study demonstrat-
ed that ESBL production was directly related to fluoroquinolone use (Ba-
bini GS and Livermore DM, 2000).

Antibiotic susceptibility patterns of Extended Spectrum Be-
ta-Lactamase (ESBLs) producing Enterobacteriaceae
A total of 13 antibiotics selected from 7 different classes were tested on 
ESBL producing Enterobacteriaceae. Extended Spectrum Beta-Lactamase 
producing Enterobacteriaceae were most Resistant to Ampicillin, Cefepi-
me, Aztreonam, Nalidixic acid, Ciprofloxacin and Amoxicillin/clavulanic 
acid. Several studies worldwide have demonstrated comparable findings. 
For instance a review in United States of America pointed out that fluoro-
quinolones were no longer consistently reliable in treatment of bacterial 
infections (Bonomo RA, et al., 2017). 
A related study conducted in Nigeria demonstrated consistent results to 
this study where it was shown that Extended Spectrum Beta-Lactamase 
producing Enterobacteriaceae were Resistant to quinolones, penicillins 
and beta-lactam combinations (Hoban DJ, et al., 2012; Priyadharshana 
U, et al., 2019; Pitout JD, et al., 2004; Afunwa RA, et al., 2011). A related 
study in India demonstrated high resistance rates to flouroquinolones and 
beta-lactam agents (Balasubramanian S, et al., 2018). A related study in 
Japan demonstrated similar findings to this study where it was revealed 
that Cefepime was ineffective at treatment of infections caused by ESBL 
producing Enterobacteriaceae (Matsumura Y, et al., 2015).
The findings from this study differ from other studies done worldwide for 
instance studies which have recommended the use of Cefepime to treat 
complicated bacterial infections caused by ESBL producing Enterobacteri-
aceae (Kanj SS and Kanafani ZA, 2011; Nguyen HM, et al., 2014; Harris 
PN, et al., 2018; Vardakas KZ, et al., 2012). 
This study revealed high sensitivity rates of ESBL producing Enterobac-
teriaceae to Imipenem, Meropenem, Amikacin, Gentamycin, Piperacillin/
tazobactam, Cefoxitin and Nitrofurantoin. The findings from this study 
are in agreement with several studies conducted worldwide for instance a 
study conducted in Nepal revealed that all isolated tested were Sensitive to 
Imipenem (Nepal K, et al., 2017) and a similar study conducted in Nigeria 
demonstrated 97.14% sensitivity to Imipenem (Nwafia IN, et al., 2019) 
and thus carbapenems have been recommended as drug of choice to treat 
infections caused by ESBL producing Enterobacteriaceae (Papp-Wallace 
KM, et al., 2019; Kalaskar A and Venkataramana K, 2012) although car-
bapenems have been linked to increased risk of fungal infections (Ng TM, 
et al., 2016). In addition there have been concerns of emergence of car-
bapenem resistance among Enterobacteriaceae which makes treatment of 
complicated bacterial infections more difficult (Brolund A, 2014; Abraham 
S, et al., 2012; Rodríguez-Baño J, et al., 2018).
A related study in Iran demonstrated similar findings to this study where 
high sensitivity rates were reported to Gentamycin (Eftekhar F, et al., 
2012). A related study in India demonstrated similar findings to this study 
where high sensitivity rates were reported to Imipenem, Amikacin and 

For instance a study carried out in Iran demonstrated 52% prevalence of 
Extended Spectrum Beta-Lactamase producing Enterobacteriaceae from 
community acquired Urinary Tract Infections (Latifpour M, et al., 2016).
A related study in Canada demonstrated prevalence of Extended Spectrum 
Beta-Lactamase producing Enterobacteriaceae from the community at 
71% (Pitout JD, et al., 2004) while another study in Nepal reported 35.9% 
prevalence (Nepal K, et al., 2017). 
A related study in Nigeria demonstrated prevalence of Extended Spectrum 
Beta-Lactamase producing Enterobacteriaceae from community settings 
at 35% (Afunwa RA, et al., 2011). Related studied in India and Turkey 
demonstrated higher prevalence compared to this study at 40% (Balas-
ubramanian S, et al., 2018) and 37.1% (Koksal E, et al., 2019) respectively. 
The differences in prevalence can be attributed to differences in climatic 
conditions, health seeking behaviour, socio-economic factors, antibiotic 
availability and use which either singly or in combination contributes to 
selection pressure for ESBLs production. In addition, countries with high-
est antibiotic consumption rates have been found to have high prevalence 
of Extended Spectrum Beta-Lactamase producing Enterobacteriaceae for 
instance Turkey, Tunisia, Algeria, Greece and Romania (Klein EY, et al., 
2018; ECDC, 2017; Albiger B, et al., 2015). 
It has also been noted that the spread of Extended Spectrum Beta-Lac-
tamase producing Enterobacteriaceae is attributed to the existence of res-
ervoirs in the community especially by recently discharged patients (Dziri 
R, et al., 2016). Other potential reservoirs have been identified for instance 
a study in Tanzania demonstrated existence of ESBL producing Enterobac-
teriaceae in public latrines (Erb S, et al., 2018). Other studies have demon-
strated faecal carriage of Extended Spectrum Beta-Lactamase producing 
Enterobacteriaceae among humans which potentiates the spread of such 
organisms (Valverde A, et al., 2004; Ben-Ami R, et al., 2006; Hazirolan GÜ, 
et al., 2018; de Champs C, et al., 1989; Holländer R, et al., 2001). 
In addition it has been of great concern that ESBL producing Enterobac-
teriaceae are transmitted from animals to humans leading to cross infesta-
tion (Koovapra S, et al., 2016; Shrivastav A, et al., 2016; Bogaerts P, et al., 
2015; Hordijk J, et al., 2013). 
In addition, Extended Spectrum Beta-Lactamase producing Enterobac-
teriaceae have recently been isolated in food products which is a potential 
source to humans especially when these products are consumed in raw 
form (Leverstein-van MAH, et al., 2011; Reuland EA, et al., 2014; Kluyt-
mans JA, et al., 2013; Evers EG, et al., 2017; Stanley IJ, et al., 2018).

Risk factors to acquisition of infection by Extended Spectrum 
Beta-Lactamase (ESBLs) producing Enterobacteriaceae 
Among the risk factors assessed, female gender was associated to in-
creased risk of infection by Extended Spectrum Beta-Lactamase produ-
cing Enterobacteriaceae with P-value<0.005. This observation is similar 
to a study conducted in Canada which demonstrated that female gender 
was associated with infection by Extended Spectrum Beta-Lactamase pro-
ducing Enterobacteriaceae (Brolund A, 2014). Other related studies have 
demonstrated an association between female gender with infection with 
Extended Spectrum Beta-Lactamase producing Enterobacteriaceae (Ben-
Ami R, et al., 2009; Yilmaz E, et al., 2008; Colodner R, et al., 2004).
Contrary to this study, related studies in Uganda (Najjuka CF, et al., 2016) 
and India (Balasubramanian S, et al., 2018) demonstrated that there was 
no single risk factor associated with Extended Spectrum Beta-Lactamase 
production by Enterobacteriaceae.
Other factors assessed were not statistically significant to infection with 
Extended Spectrum Beta-Lactamase producing Enterobacteriaceae which 
included age category, livestock possession and health facility with P-val-
ues 0.680, 0.663, 0.620 respectively.
Other related studies worldwide have reported a number of factors related 
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The prevalence of TEM and SHV was found to be lower than that of 
CTX-M because TEM and SHV are more prevalent in hospital settings 
compared to community settings (Wiener J, et al., 1999). Different rates 
of SHV and TEM have been reported worldwide for instance a study con-
ducted in Sri Lanka indicated higher prevalence of TEM compared to SHV 
(Priyadharshana U, et al., 2019) and a related study conducted in West-
ern Uganda demonstrated higher prevalence of TEM compared to SHV 
(Moses A, et al., 2014). Some studies have reported equal prevalence of 
TEM and SHV for instance a related study in Spain demonstrated 18% 
proportions for both SHV and TEM genes (Rodríguez-Bano J, et al., 2004). 
A related study conducted in Iran demonstrated contrary findings to this 
study where higher prevalence of SHV compared to TEM were reported 
(Latifpour M, et al., 2016).
This study also demonstrated that ESBL genes in community settings are 
similar to those in hospital care settings irrespective of the proportions 
which suggests possible importation of ESBL producing Enterobacteri-
aceae from the community into the hospital and vice versa for instance a 
related study in Israel involved screening of patients for ESBL at admission 
and it was discovered that 10.8% of the patients were colonized by ESBL 
producing Enterobacteriaceae (Ben-Ami R, et al., 2006).
The findings from this study clarified that there are other types of ESBL 
genes that were not detected using the primers specific for CTX-M, TEM 
and SHV hence a discrepancy between phenotypic and genotypic methods 
for ESBL detection.
It was demonstrated that 2(9.52%) Enterobacteriaceae did not harbour 
any of the 3 genes under detection. This can be attributed to the fact that 
new ESBL genes are emerging as a result of mutations. The findings from 
this study are consistent with other studies conducted worldwide for in-
stance a study conducted in Iran demonstrated that 8% of the organisms 
that were ESBL positive at phenotypic detection contained Vietnamese 
Extended-Spectrum β-Lactamase (VEB) gene which would have been 
missed out if only 3 primers for CTX-M, TEM and SHV were used (Latif-
pour M, et al., 2016). 
A related study in Israel demonstrated phenotypically ESBL positive iso-
lates that lacked common ESBL genes at genotyping (Ben-Ami R, et al., 
2006). Similarly, a related study conducted in Sudan indicated that 47.7% 
of phenotypically ESBL positive isolates did not harbour common ESBL 
genes (Ahmed OB, et al., 2013). A related study in India demonstrated that 
not all phenotypically positive ESBL isolates harbour the three common 
genes as 61.6% of the isolates did not contain CTX-M, TEM or SHV genes 
(Shahid M, et al., 2011). Several other studies have demonstrated that there 
are other ESBL genes that need to be detected as far as genotyping for ESBL 
is concerned (Eftekhar F, et al., 2012; Moses A, et al., 2014). 
This study demonstrated that all genotypically positive Enterobacteriaceae 
were phenotypically positive which is contrary to other studies for instance 
a study carried out in Western Uganda reported that 37% of the isolates 
contained ESBL genes but were negative on phenotypic assessment (Moses 
A, et al., 2014). This can be attributed to lack of effective selection pressure 
to trigger gene expression (Kalaskar A and Venkataramana K, 2012).
The high prevalence of ESBL genes in community settings can be attrib-
uted to the fact that there is horizontal transfer of ESBL genes between 
Enterobacteriaceae existing in the environment. This is because ESBL 
genes are located on mobile genetic elements which favour their dissemin-
ation between Enterobacteriaceae. For instance a related study in Turkey 
demonstrated that ESBL genes were present in Enterobacteriaceae isolated 
from faecal samples and this potentiates spread of genes to other isolates 
colonizing humans (Hazirolan GÜ, et al., 2018). 
A related study in Korea demonstrated the potential spread of ESBL pro-
ducing Enterobacteriaceae and exchange of ESBL genes from farm animals 
and farm environment to humans (Tamang MD, et al., 2013). Since this 

Nitrofurantoin (Ranjini CY, et al., 2015).
Related studies have tested and recommended Beta-lactam combinations 
such as Piperacillin/tazobactam for the treatment of infections caused by 
Extended Spectrum Beta-Lactamase producing Enterobacteriaceae (Such-
er AJ, et al., 2015; Scott LJ, 2016; Solomkin J, et al., 2015; Lucasti C, et al., 
2014). 
The findings from this study are contrary to a related study conducted in 
Iran which reported high resistance rates to Nitrofurantoin and amikacin 
(Eftekhar F, et al., 2012). 
Related studies in Spain and South Korea recommended the use of Piper-
acillin/tazobactam as an alternative to carbapenems for the treatment of 
complicated infections caused by ESBL producing Enterobacteriaceae (Seo 
YB, et al., 2017; Ko JH, et al., 2018) although it should be used in stable 
conditions and where antibiotic susceptibility profiles have been carried 
out (Pilmis B, et al., 2017) because it has been associated to high mortality 
rates in some studies (Rodríguez-Bano J, et al., 2004).
Multi-Drug Resistance (MDR) among ESBL producing Enterobacteri-
aceae from this study was very high and established at 85.71%. This is 
in agreement to other studies conducted worldwide for instance a study 
carried out in Morocco established Multi-Drug Resistance among ESBL 
producing Enterobacteriaceae at 91.1% (Barguigua A, et al., 2013) while 
a related study in India established Multi-Drug Resistance at 82.6% (Ran-
jini CY, et al., 2015). These observations are consistent to the previously 
reported co-resistance to other antibiotics (Calbo E, et al., 2006). This has 
been attributed to the fact that genes responsible for ESBL production are 
encoded on big plasmids which contain other resistance genes to other 
antibiotics (Kalaskar A and Venkataramana K, 2012). 
The high resistance rates observed in this study can be attributed to over-
use and misuse of antibiotics to treat common infections (Cars O, et al., 
2008). It can also be attributed to socio-economic differences where pa-
tients lack consultation fees on which treatment to consider in addition to 
prior knowledge of which antibiotics to use hence resorting to self-medi-
cation (Grigoryan L, et al., 2008). Thus it has been reported that countries 
with the most reserved antibiotic prescribing patterns have relatively low 
rates of resistance (Goossens H, et al., 2005).

Genotyping of Extended Spectrum Beta-Lactamase (ESBLs) 
producing Enterobacteriaceae 
The genes responsible for production of Extended Spectrum Beta-Lac-
tamases among Enterobecteriaceae were determined using Polymerase 
Chain Reaction (PCR) where 90.48% of the isolates harboured the genes 
CTM-M, TEM and SHV which is in agreement with what has been re-
ported from other studies that these genes are the most prevalent ESBL 
genes in both community and hospital settings (Rodríguez-Bano J, et al., 
2004).
This study demonstrated that an organism can harbour more than one 
ESBL gene which is consistent with other studies carried out previously for 
instance a related study carried out in Western Uganda demonstrated that 
40.8% of the organisms harboured more than one gene (Moses A, et al., 
2014). A related study in Morocco also demonstrated that an organism can 
harbour more than ESBL gene (Barguigua A, et al., 2013).
The gene CTX-M was the most prevalent at 46.7%, followed by TEM at 
30% and SHV at 23.3%. The findings from this study are consistent with 
other studies conducted worldwide. For instance a study conducted in 
Libya demonstrated that CTX-M was the commonest isolate (Ahmed OB, 
et al., 2013) and similarly higher rates of CTX-M have been found in Eur-
ope (Valenza G, et al., 2014; Rodríguez-Bano J, et al., 2004), and in other 
parts of Africa (Lonchel CM, et al., 2013; Ahmed OB, et al., 2013). The high 
prevalence of CTX-M in this study can be attributed to the widespread use 
of ceftriaxone to treat serious bacterial infections (Bonnet R, 2004).
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study was carried out in an agro-pastoral community, such spread cannot 
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CONCLUSION
The prevalence of Extended Spectrum Beta-Lactamase producing Entero-
bacteriaceae from our study is high while the most isolated bacterial 
species are Escherichia coli and Klebsiella spp. Carbapenems are effective 
against Extended Spectrum Beta-Lactamase producing Enterobacteri-
aceae while Beta Lactam/Beta Lactamase inhibitor combination antibiot-
ics are second in effectiveness to Carbapenems. The rate of Multi Drug 
Resistance (MDR) to common antibiotics used to treat Urinary Tract In-
fections is high. The most prevalent genes responsible for ESBL production 
are CTX-M and TEM.

RECOMMENDATIONS
Double disc synergy method should be implemented in routine confirm-
ation of ESBL producing Enterobacteriaceae in health facilities in resource 
scarce settings. This would encourage definitive therapy instead of empir-
ical therapy in management of bacterial infections.
More studies about antimicrobial resistance in community settings should 
be carried out. This will help to establish action areas and points where to 
reduce spread of resistance either from the community to the healthcare 
settings. 
Infection control points should be established especially at the entrance 
of health facilities to reduce influx of ESBL producing Enterobacteriaceae 
from the community. Likewise personal hygiene like hand washing, clean-
liness should be emphasized in health facilities and community to reduce 
spread of ESBL producing Enterobacteriaceae.
Antimicrobial surveillance should be done both in both community and 
health care settings to be able to identify action areas to combat spread 
of antimicrobial resistance. Data obtained should direct policy makers for 
effective decision making. 
The antibiotics that were identified as ineffective for instance Ampicillin, 
Amoxicillin/clavulanic acid, Cefepime, Nalidixic acid, Ciprofloxacin and 
Aztreonam should be rested in order to reduce the selection pressure 
against them by the bacteria. In future, these can be reintroduced as guid-
ed by data when they have regained their potency. Piperacillin/tazobactam 
should be emphasized for treatment of infections caused by ESBL produ-
cing Enterobacteriaceae as an alternative to carbapenems to reduce the risk 
of development of carbapenem resistance among Enterobacteriaceae.

STUDY LIMITATIONS
The study was limited to three health facilities in Mbarara district. This 
may not reflect the real picture in all facilities in south western Uganda 
which makes generalization of findings difficult. Only Enterobacteriaceae 
isolated from outpatients were considered hence the results cannot be gen-
eralized to hospitalized patients. Data about history of recent antibiotic use 
was not collected hence making it difficult to determine association as far 
as resistance development is considered. The study was limited to human 
beings and no comparative study was carried out in livestock to establish 
existence of ESBL.
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