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Background: The hospital environment is a proven hotspot for antimicrobial-resistant bacteria, which may be 
released through hospital wastewater into the environment and municipal wastewater. The aim of this study 
was to monitor the occurrence of and perform molecular characterization of MDR ESBL Enterobacterales iso
lated from Parirenyatwa Hospital wastewater, Harare, Zimbabwe.

Methods: This was a cross-sectional study. Enterobacterales from sixty-four 500 mL samples of hospital waste
water from three drainage sites of Parirenyatwa Hospital were isolated. A modified double disc synergy test was 
used to confirm ESBL Enterobacterales before genotyping with multiplex PCR.

Results: The majority of isolates came from the main hospital drainage site. All the isolated Enterobacterales 
showed MDR. Of the 33 Enterobacterales isolated from hospital wastewater, 8 (24%) were ESBL-producing: 
5/8 (63%) Escherichia coli, 2/8 (25%) Klebsiella pneumoniae, and 1/8 (12%) Citrobacter freundii. The multiple 
antibiotic resistance index (MARI) obtained from the ESBL-producing Enterobacterales isolates ranged from 
0.5 to 0.75. Seven (87.5%) isolates harboured the blaCTX-M gene and five (62.5%) isolates had the blaTEM 
gene, with four (50%) isolates containing both genes. Three isolates contained the blaCTX-M gene only and 
one contained only blaTEM. The blaSHV gene was not detected.

Conclusions: MDR ESBL-producing Enterobacterales were identified from Parirenyatwa Hospital wastewater. 
The MARI greater than 0.2 indicated that these isolates were from a high-risk source of contamination.

© The Author(s) 2025. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
The hospital environment is a potential hotspot for antimicrobial- 
resistant (AMR) bacteria, which may be released through hospital 
wastewater into the environment and municipal wastewater.1

Hospital wastewater that contains AMR bacteria and genetic de
terminants of resistance may contribute to the emergence, dis
semination and persistence of AMR bacteria in municipal 
wastewaters.2 This wastewater when mixed with municipal was
tewater can be introduced into the environment and community. 
Among the AMR bacteria of public health concern are ESBL- 
producing Gram-negative bacteria, including Enterobacterales, 
due to their MDR,3 difficulty in treating them,4 and their ability 
to transfer genes encoding antibiotic resistance to antimicrobial- 
susceptible bacteria through mobile genetic elements such as 
plasmids, transposons and integrons.5

In Harare, Zimbabwe, hospital wastewater is pumped to
gether with municipal wastewater into the Mukuvisi River, a 
tributary of Lake Chivero.6 This in turn has the potential of intro
ducing AMR bacteria contained in hospital wastewater into 
these two rivers; one study has already isolated AMR bacteria 
from these water bodies.7 This is significant considering that 
domestic water for Harare is pumped from Lake Chivero, with 
reports of undertreatment of the water.8 Additionally, residents 
from Harare and surrounding communities conduct recreation
al activities and fishing in and around Lake Chivero. All 
these factors have the potential of introducing ESBL-producers 
and AMR bacteria into the community, which would lead 
to community-acquired ESBL and AMR bacterial infections 
whose origin would be linked to the hospital environment. 
The aim of this study was to monitor the occurrence 
of MDR ESBL-producing bacteria and perform molecular 
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characterization of the ESBL genes from Enterobacterales iso
lated from the Parirenyatwa Hospital wastewater in Harare.

Methods
Study design
This study was a prospective cross-sectional study of ESBL-producing 
Enterobacterales isolated from wastewater from the Parirenyatwa group 
of hospital wards between May 2024 and September 2024.

Ethical considerations
Ethical approval was obtained from the Joint Parirenyatwa Hospital and 
College of Health Sciences Research Ethics Committee and Medical 
Research Council of Zimbabwe (MRCZ/B/2378).

Sample collection
A total of 32 L of wastewater was collected in sixty-four 500 mL sterile 
sample containers over a period of 4 months. Sample collection points 
were waste drainage sites leading from Parirenyatwa Hospital maternity 
section (Mbuya Nehanda), eye treatment section (Sekuru Kaguvi) and an
nex for psychiatric patients and several specialist paediatric wards. All the 
wastewater from the Parirenyatwa Hospital group converges at three 
drainage outlets, and it is from these three drainage sites that hospital 
wastewater was collected. The samples were transported on ice to the 
laboratory and analysed within 24 h of collection.

Bacterial isolation, identification and antimicrobial 
susceptibility testing
Hospital wastewater (500 mL) was filtered through nitrocellulose filter 
paper. The filter paper was then placed on MacConkey agar with bile salts 
and crystal violet to inhibit growth of Gram-positive bacteria. After 24 h of 
aerobic incubation at 37°C, the plates were examined for growth, colony 
morphology and lactose fermentation. All the bacterial colonies obtained 
from primary culture were Gram stained. All the Gram-negative, rod- 
shaped, lactose-fermenting colonies were sub-cultured on fresh 
MacConkey agar to obtain pure colonies. Non–lactose-fermenting, 
Gram-negative rods and coccobacilli were first tested for oxidase before 
sub-culturing on fresh MacConkey agar. Oxidase-negative, non–lactose- 
fermenting, Gram-negative bacilli and coccobacilli were sub-cultured. 
Additionally, oxidase-negative coccobacilli were further cultured on 
Kligler iron agar to rule out Acinetobacter species. Gram-negative rods 
from sub-cultured plates were retested for oxidase using oxidase strips. 
Gram-negative/oxidase-negative/glucose-fermenting bacterial colonies 
(presumptive Enterobacterales) were identified to species level using 
API (Analytical Profile Index kit; Cypress Diagnostics, Hulshout, Belgium). 
Escherichia coli ATCC 25922 was used as a control strain. All confirmed 
Enterobacterales were tested for antimicrobial susceptibility using the 
Kirby–Bauer disc diffusion method as per CLSI guidelines using ampicillin 
(10 μg), ceftriaxone (30 μg), nalidixic acid (30 μg), amoxicillin/clavulanic 
acid (20/10 μg), cefepime (30 μg), ciprofloxacin (5 μg), chloramphenicol 
(30 μg), gentamicin (30 μg), ceftazidime (30 μg), ertapenem (10 μg), 
nitrofurantoin (100 μg) and cefotaxime (30 μg).9 Isolates with inhibition 
zone diameters of ≤27 mm and ≤22 mm for ceftriaxone (30 μg) and cef
tazidime (30 μg), respectively, were categorized as presumptive 
ESBL-producing isolates and taken for phenotypic confirmation.

Phenotypic detection of ESBLs
Confirmation of ESBL production was done using the modified double disc 
synergy test (MDDST) using amoxicillin/clavulanate (20/10 μg) and five 
cephalosporins, both third- and fourth-generation.9,10 Third-generation 

cephalosporins used included ceftriaxone (30 μg), cefpodoxime (10 μg), 
ceftazidime (30 μg) and cefotaxime (30 μg). Cefepime (30 μg), a fourth- 
generation cephalosporin, was used to cater for AmpC producers. E. coli 
ATCC 25922 and Klebsiella pneumoniae ATCC 700603 were used as nega
tive and positive controls for ESBL production, respectively. All pure iso
lates positive for MDDST were then stored in glycerol stocks awaiting 
ESBL genotyping.

DNA extraction and amplification by multiplex PCR
DNA from bacterial colonies cultured overnight on blood agar was ex
tracted using the boiling method.11 Multiplex PCR to detect blaCTX-M, 
blaTEM and blaSHV genes was done as described by Khanfar.12 The PCR re
action had a final volume of 25 µL: 10 µM (1 µL) of each forward and re
verse primer (Table 1), 12.5 µL of One Taq Quick-Load 2X Master Mix 
(Inqaba Biotechnical Industries, Gauteng, South Africa), 6.5 µL total bac
terial DNA extract and 5 µL molecular grade water. The PCR tubes were 
immediately transferred to a DNA thermocycler (Eppendorf Master cycler, 
Hamburg, Germany). The PCR was run under the following conditions: 
95°C for 5 min for initial denaturation, followed by 30 amplification cycles 
of 30 s at 95°C, 30 s at 54°C and 120 s at 72°C. The final extension step 
was done at 72°C for 10 min. PCR products were analysed by 1.5% gel 
electrophoresis, and the band sizes were used to identify the ESBL genes 
using a 1 kb molecular weight marker (New England Biolabs, UK).

Data analysis
Data from the study were entered into Microsoft Excel 2013 (Microsoft 
Corporation, Redmond, WA, USA) and imported to SPSS Statistics 
27.0.1.0 for statistical analysis. The multiple antibiotic resistance index 
(MARI) of bacterial species was calculated by dividing the number of anti
biotics that an isolate is resistant to by the total number of antibiotics 
used. A MARI >0.2 indicates that the bacteria are from a high-risk source 
of contamination.

Results
A total of sixty-four 500 mL containers of wastewater were col
lected from three different wastewater drainage sites, namely 
Mbuya Nehanda maternity ward, General Hospital and Sekuru 
Kaguvi eye treatment clinic, to give a total of 32 L from the sites 
over a period of 4 months. Growth on MacConkey agar was ob
tained from all the 64 wastewater samples. A total of 39 
Gram-negative bacilli and coccobacilli were sub-cultured on 
MacConkey agar from the primary plates after exclusion of 
Gram-positive and oxidase-positive bacteria tested from primary 
culture plates. Thirty-three (85%) of these were presumptive 
Enterobacterales after excluding six coccobacilli that tested 
negative for glucose fermentation. Presumptive Enterobacterales 
(n = 33) isolates were identified to species level using Analytical 
Profile Index (API) tests.

Distribution of Enterobacterales per drainage site across 
Parirenyatwa Hospital
The predominant bacterial species isolated in this study was E. 
coli (n = 13 isolates; 40%), followed by K. pneumoniae (n = 6; 
18%), Klebsiella oxytcoa (n = 5; 15%), Proteus mirabilis (n = 4; 
12%), Enterobacter cloacae (n = 3; 9%) and Citrobacter freundii 
(n = 2; 6%). Most (n = 15; 46%) isolates were collected from the 
General Hospital drainage site, i.e. 46% (n = 6) of E. coli, 60% 
(n = 3) of K. oxytoca and 50% (n = 3) of K. pneumoniae. Two 
(67%) E. cloacae isolates were collected from hospital 
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wastewater obtained from the Mbuya Nehanda collection site, 
with two (50%) P. mirabilis isolated from the radiotherapy centre 
collection site as shown in Figure 1.

Antimicrobial susceptibility profiles
Antimicrobial susceptibility testing was done on all 33 isolates. All 
isolates were susceptible to imipenem and resistant to nalidixic 
acid. Intermediate resistance was observed for Augmentin 
(amoxicillin/clavulanic acid) by 21% (7/33) of isolates. MDR was 
observed in all the collected bacterial species.

Occurrence of ESBL-producing Enterobacterales isolates
Eight (24%, 8/33) isolates were ESBL-producers, including: five E. 
coli, two K. pneumoniae and one C. freundii isolate.

Multiple antibiotic resistance phenotypes and MARIs of 
ESBL-producing isolates’
The ESBL-producing isolates were considered to be MDR when 
they showed resistance against three or more different classes 
of antibiotics. Table 2 shows the different multiple antibiotic re
sistance phenotypes (MARPs) and MARIs from the eight 
ESBL-producing isolates. All eight isolates exhibited phenotypic 
resistance against a minimum of 6 out of the 12 tested antibio
tics. The MARI of these isolates ranged from 0.5 to 0.75.

ESBL genotypes
The eight (100%) ESBL-producing isolates were positive for ESBL 
genes with PCR. Seven and five isolates harboured blaCTX-M and 

blaTEM genes, respectively. In addition, four contained both 
blaCTX-M and blaTEM genes. Three isolates harboured blaCTX-M 
only whereas one harboured blaTEM only. The blaSHV gene was 
not detected in any isolate. Figure 2 depicts gel electrophoresis 
with the amplified genes.

Discussion
This study isolated Enterobacterales from hospital wastewater 
from the Parirenyatwa group of hospitals. E. coli was the most fre
quent, followed by K. pneumoniae, P. mirabilis, C. freundii, E. clo
acae and K. oxytoca. In a study carried out in South Africa, the 
bacteria isolated from hospital wastewater were K. oxytoca 
(36%), K. pneumoniae (29%), E, coli (10%), C. freundii (10%) 
and Enterobacter asburiae (6%).13 This contrasts with the findings 
in our study in which the predominant species isolated was E. coli 
(40%). In a related study done in Taiwan, Citrobacter species 
(10.3%), Klebsiella species (11.3%), Enterobacter species 
(19.8%) and E. coli (32.9%) were the predominant bacterial iso
lates from hospital wastewater.14 The order of prevalence of 
the other isolated species may be different but the results of all 
these studies give an insight into the consortium of 
Enterobacterales members that are frequently isolated from hos
pital wastewater. The findings of this study also compare well 
with those mentioned above regarding the species that are com
monly identified in hospital effluents from different countries.

In a study from Nigeria,15 a prevalence of 15.5% of 
ESBL-producing bacteria from 32 L of hospital wastewater was 
reported, which is consistent with the 24% prevalence of our 
study. A total of eight ESBL-producing organisms were identified 

Table 1. ESBL type-specific primers for multiplex PCR12

Primer Forward Reverse Size, bp

blaSHV ATGCGTTATATTCGCCTGTG TGCTTTGTTATTCGGGCCAA 747
blaTEM TCGCCGCATACACTATTCTCAGAATGA ACGCTCACCGGCTCCAGATTTAT 445
blaCTX-M ATGTGCAGYACCAGTAARGTKATGGC TGGGTRAARTARGTSACCAGAAYCAGCGG 593

Figure 1. Distribution of Enterobacterales across the three collection sites from Parirenyatwa Group of hospitals. RTC, Radiotherapy Centre.

ESBL from Parirenyatwa Hospital wastewater, Harare                                                                                      

3 of 6



in our study, namely E. coli (n = 5; 63%), K. pneumoniae (n = 2; 
25%) and C. freundi (n = 1; 12%). A study by Chandran et al.16 re
ported a prevalence of 96% for ESBL-producing E. coli in hospital 
wastewater, much higher than that in our study. Other studies 
have reported prevalences of 25%, 25% and 37%.17–19 All these 
were resistant against three or more classes of drugs and were 
thus classified as MDR. This may be due to the ability of the bac
teria to survive for long periods and multiply in wastewater lead
ing to selection and emergence of ESBL-producing E. coli.20

The MARI for the ESBL-producing Enterobacterales ranged 
from 0.5 to 0.75. A MARI >0.2 indicates that the bacteria are 
from a high-risk source of contamination.21 High MARI values 
suggest that the bacterial isolates were retrieved from an envir
onment that exerts a high level of selective pressure for antibiotic 
resistance. The findings of our study are similar to those of a 
Polish study of hospital effluents in which 48.4% of the 
Enterobacterales isolates displayed resistance against the major
ity of the antibiotics used.22

Molecular characterization of the ESBL isolates showed a pre
dominance of blaCTX-M followed by blaTEM. The blaSHV gene was 
not detected in our study. These findings are consistent with lit
erature in which CTX-M β-lactamase has been reported as the 
predominant enzyme amongst the ESBLs, followed by TEM 

β-lactamase.23,24 In India, a higher prevalence of blaCTX-M com
pared with blaTEM in hospital wastewater was reported.16 ESBL 
genes were found in E. coli (5), K. pneumoniae (2) and C. freundii 
(1) making a total of eight ESBLs. These findings in which ESBL 
genes were more frequent in E. coli agree with those reported 
in a study in Nigeria in which five ESBLs were reported: three E. 
coli, one K. pneumoniae and two P. aeruginosa.15 The predomin
ance of blaCTX-M in E. coli reported in our current study has also 
been reported worldwide.25 A study done in Thailand reported 
a prevalence of 99.6% and 99.2% of the blaCTX-M gene in E. coli 
and K. pneumoniae, respectively.26 In the same study, up to 
77.0% and 71.7% of the ESBL-producing E. coli and K. pneumo
niae, respectively, carried the blaTEM gene.26 Our study did not de
tect the blaSHV gene, a finding that contrasts with that obtained in 
Thailand, in which blaSHV was detected in E. coli (3.8%) and K. 
pneumoniae (87.4%).26 In as much as SHV-1 is chromosomally 
encoded and intrinsic to K. pneumoniae, all the K. pneumoniae 
isolates from this study were negative for blaSHV. The results of 
our study align with findings from other studies that demon
strated the abundance of the blaCTX-M gene in ESBL producers iso
lated from hospital effluents.22,27 Four of the isolates in the study 
harboured both the blaCTX-M and blaTEM genes. These findings are 
in line with a study done in Brazil, in which the majority of the 

Figure 2. Multiplex PCR band patterns for ESBL genotypes. M, 1 kb plus DNA ladder; NC, negative control (nuclease-free water); PC, positive control 
(CTX-M, TEM and SHV); lanes 1–8 = samples.

Table 2. Antimicrobial resistance profiles of ESBL-producing Enterobacterales

Bacteria Antibiogram
Number of antibiotics to which 

resistance was shown 
Number of phenotypes 

observed MARI

E. coli SXT,CAZ,CTX,NAL,CIP,FEP,NIT,CRO,AMP 9 1 0.75
E. coli SXT,CTX,CAZ,NAL,CIP,FEP 6 1 0.50
E. coli STX,CTX,CAZ,NALL,CIP,FEP,CRO,AMP 8 2 0.66
E. coli SXT,CAZ,FEP,GEN,AMP,CTX 6 1 0.50
E. coli CAZ,CTX,SXT,FEP,AMP,CRO 6 1 0.50
K. pneumoniae AMP,CRO,FEP,CAZ,NAL,CTX 6 1 0.50
K. pneumoniae AMP,NIT,CFP,CRO,NAL,GEN 6 1 0.50
C. freundii AMP,CTX,CAZ,FEP,NAL,GEN,SXT 7 1 0.58

AMP, ampicillin; CAZ, ceftazidime; CIP, ciprofloxacin; CRO, ceftriaxone; CTX, cefotaxime; FEP, cefepime; GEN, gentamicin; NAL, nalidixic acid; NIT, nitro
furantoin; SXT, trimethoprim/sulfamethoxazole (cotrimoxazole).
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isolates showed an association between blaTEM and blaCTX-M.28

Previous studies have shown that this type of association is re
sponsible for high-level β-lactamase resistance phenotypes.26

In 2011, in a study done in India, Shahid et al.29 also reported 
the coexistence of blaTEM and blaCTX-M. However, the ESBL genes 
from this study were not sequenced. Sequencing is essential in 
determining the type of ESBL genes from these isolates, especial
ly for differentiating whether the blaTEM genes identified are ESBL 
variants or blaTEM-1, a simple penicillinase. One isolate from this 
study had the blaTEM gene alone. However, without gene sequen
cing to identify the type of blaTEM gene, ESBL in four isolates that 
harboured both blaTEM and blaCTX-M from this study was identified 
by the presence of blaCTX-M.

Conclusions
MDR ESBL-producing Enterobacterales were identified from 
Parirenyatwa Hospital wastewater. MARI values >0.2 indicated 
that these isolates were from a high-risk source of contamin
ation. The most predominant ESBL gene was blaCTX-M. To improve 
this study, sequencing of the ESBL genes is recommended in or
der to determine the sub-types of the different ESBL genes.
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