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A B S T R A C T

Objective: The case of antibiotic resistance has become a major global concern and Extended Spectrum β-lactamase
(ESBL) producing organisms have so far remained the biggest culprit. The consequences of urinary tract infection
(UTI) and antibiotic resistance among pregnant women cannot be underestimated. We investigated UTI and ESBL
production among urinary pathogens isolated from pregnant women.
Method: We obtained non-repeat, clean catch midstream urine samples from 1345 pregnant women suspected of
having UTI for bacterial identification at the Ho Teaching Hospital Laboratory between June 2013 and March
2015. The isolates were taken through relevant biochemical testing for identification and then subjected to
antimicrobial agents for susceptibility testing using the disc diffusion method. We tested for ESBL production by
the combined disc method and ESBL positive (þESBL) phenotype isolates were genotyped for BlaTEM, BlaSHV, and
BlaCTX-M using polymerase chain reaction (PCR). Data were analyzed using SPSS v24 and p-values < 0.05 were
considered statistically significant.
Results: Of the 1345 urine samples tested, 230 (17.1%, 95% CI: 15.1%–19.1%) yielded significant bacteriuria. The
most common bacterium isolated was Staphylococcus aureus (29.6%) followed closely by Escherichia coli (28.7%)
both of which were highest during the second trimester of gestation. We isolated 152 gram-negative isolates with
41.4% (63/230) being þ ESBL. Of the 63 þ ESBL, 45 (71.4%) possessed blaTEM, 42 (66.7%) had blaCTX-M and 2
(3.2%) possessed blaSHV genes; 38 possessed multiple ESBL genes comprising 2 with both SHV and TEM genes and
36 with both CTX-M and TEM genes.
Conclusion: High prevalence of UTI and persistent transmission of ESBLs among pregnant women in the Ho
Municipality is worrying and a course for public health concern. We recommend urine culture during pregnancy
as a routine laboratory investigation to avoid birth-related complications.
1. Introduction

Worldwide, about 150 million people are diagnosed with UTI each
year which may be uncomplicated or complicated [1]. The prevalence
of UTI in Ghana was estimated as 56.5 % [2] higher than earlier reports
of 9.5 % [3] and 3.3 % [4]. Bacteria-associated UTIs such as pyelone-
phritis are common during pregnancy causing significant maternal and
neonatal complications, including threatened abortion, preterm labor,
and neonatal mortality among others [5]. As a result of the high
m (P.K. Kwadzokpui).

5 July 2022; Accepted 13 Decem
evier Ltd. This is an open access
exposure to risk factors especially among pregnant women from rural
communities of low-resourced settings, the administration of antibiotics
to treat UTI during pregnancy has become a frequent practice. Unfor-
tunately, aside from the extensive and sometimes irresponsible admin-
istration of beta-lactam antibiotics in clinical settings by clinicians
without evidence of the exact pathogen responsible for the UTI,
self-medication for the treatment of UTI is fast becoming a common
practice during pregnancy, especially within the communities where
education on the discriminatory use of medicines for various health
ber 2022
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

mailto:kwadzokpuipreciousk@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e12513&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e12513
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.heliyon.2022.e12513


R.K. Adedze-Kpodo et al. Heliyon 8 (2022) e12513
conditions is on the low side. Additionally, non-compliance to admin-
istered antibiotics by patients, etc. has all contributed to the emergence
and widespread dissemination of antibiotic-resistant bacteria resulting
in a selective process for the bacterial strains that possess the resistance
gene [6]. Prevalence of Enterobacteriaceae strains producing ESBLs var-
ies widely internationally and as well as within the same country
depending on the degree of use of the antibiotic in that locality [7, 8]. In
Ghana, ESBL prevalence of 50.5% in Accra [9], 57.8% in Kumasi [10],
and 41.5% at the Ho Teaching Hospital [11] were reported. Elsewhere,
ESBL prevalence of 50% in northwestern Nigeria [12], 36.1% in South
Africa (36.1%) [13], and 38.5% in Tunisia (38.5%) have been docu-
mented [14].

The introduction of second and third-generation cephalosporins into
clinical use leads to enterobacteria developing ESBL enzymes to degrade
them. ESBL enzymes are secreted to cleave to the beta-lactam ring of
penicillin and cephalosporin [15] and thus provide resistance against
these groups of antibiotics [16]. ESBL-producing bacteria are predomi-
nantly Klebsiella pneumoniae and Escherichia coli [17]. The predominant
gene types they produce include SHV, TEM and CTX-M, OXA, PER, and
VEB-1. The most common ESBL genes isolated from clinical specimens
are blaCTX-M, blaSHV, and blaTEM [17]. It has been observed that the same
organism may harbor two or more ESBL genes, which may change the
antibiotic resistance phenotype [18] and hence render antibiotic therapy
more difficult. The blaCTX-M gene types are replacing blaSHV and blaTEM as
the prevalent type of ESBLs in urinary tract infections, bloodstream and
intra-abdominal infections [19]. The emergence of ESBL-producing
pathogens has become increasingly significant in limiting antibiotic
treatment options.

Urinary tract infection poses enormous challenges in pregnancy and
remains one of the risk factors for morbidity and mortality. Urinary tract
infections in pregnancy may lead to unfavorable pregnancy outcomes
and complications like preterm delivery, low birth weight, pre-eclamptic
toxemia, and anemia [20]. Most cases of pyelonephritis occur during the
second and third trimesters, and complications include septic shock
syndrome, anemia, bacteremia, respiratory insufficiency, and renal
dysfunction [21]. There is a need to continually monitor and characterize
the circulating ESBL-producing organisms, especially in vulnerable
groups such as pregnant women. Community surveillance of
ESBL-producing organisms remains one of the fundamental routes in
profiling the extent of spread of the ESBL producers for relevant decision
making. Because of the paucity of comprehensive data on
ESBL-producing Enterobacteriaceae in Africa, specifically Ghana, and
particularly among vulnerable populations such as pregnant women, this
study determined ESBL occurrence and its genotypes circulating among
pregnant women in the Ho Municipality.

2. Materials and methods

2.1. Study design and site

This was a cross-sectional study conducted at the antenatal clinics of
the Ho Municipal Hospital (HMH) and Volta Regional Hospital now the
Ho Teaching Hospital (HTH) between June 2013 and March 2015.
These two hospitals are located in the Ho Municipality. The distance
between the two hospitals is about 2.5 km (Figure 1). The Ho Munici-
pality which houses the two health facilities is situated between lati-
tudes 6o 360 4300 N and longitudes 0o 280 1300 E. The Municipality shares
boundaries with Adaklu and Agotime-Ziope Districts to the South, Ho
West District to the North and West, and the Republic of Togo to the
East. Its total land area is 2,361 square kilometers thus representing
11.5 percent of the region's total land area. The capital, Ho, is located
about 158 km, from Accra, the National Capital. The major ethnic
groups in the municipality are the Ewes, Guan people, and Akan folks.
The population of Ho Municipality according to the 2010 Population
and Housing Census is 177,281 representing 8.4 percent of the region's
total population.
2

2.2. Study participants and eligibility criteria

This study recruited pregnant womenwho received antenatal services
from the Ho Teaching Hospital and Ho Municipal Hospital. Pregnant
women who were registered with the two hospitals but were not resi-
dents of the Ho Municipality were excluded from the study. This was to
ensure that findings made from the study are accurate reflections of
disease conditions among pregnant women from Ho Municipality only.
We also excluded pregnant women who refused consent and participa-
tion in the study.

2.3. Data and specimen collection

A face-to-face interview was conducted using a structured question-
naire to collect sociodemographic data including maternal age and
gestational period.

2.4. Urine sample collection and processing

About 10 mls of freshly voided midstream urine sample was collected
into a pre-labeled (specimen collection date, time, identification code,
and age) sterile, leak-proof, wide mouth, screw-capped plastic container
(Viamed, Miami Lakes) by each pregnant woman following standard
urine sample collection procedure. The urine samples were labeled
appropriately and transported in an icebox to the Ho Teaching Hospital
Laboratory and processed within 2 hours. No specimen required refrig-
eration since all specimens were processed within 2 h post-collection
without delay.

2.5. Urine culture and identification of isolates

The urine samples were inoculated on Cystine Lactose Electrolyte
Deficient age (CLED) (Oxoid Ltd, UK)medium using calibrated urine loop
(1/1000ml) and incubated aerobically at 37 �C for 18–24 h (overnight
culture). After overnight incubation, the plates were examined for
growth, and the significance of growth was assessed by colony count.
Bacterial colony counts of �1 � 105 colony forming units per ml (CFU/
mL) were considered significant bacteriuria and counts that fell between
102–104 CFU/mL were considered as suspected/doubtful bacteriuria
while colony counts <102 CFU/mL were considered not significant [22].
Cultures with significant bacteriuria were then followed-up with further
testing for identification. Discrete colonies on CLED agar plates with
significant growth were picked and inoculated onto nutrient agar and
incubated at 37 �C for 18–24 h to obtain a pure culture. From the pure
culture plate, the organisms were identified using the gram staining
technique and various relevant biochemical tests. These included oxidase
test to identify non-lactose fermenting bacteria, particularly Pseudomonas
spp. Indole test for identification of enterobacteria such as Proteus spp.,
E. coli and also to differentiate Proteus vulgaris from Proteus mirabilis.
Urease test to differentiate Proteus spp. from other enterobacteria. The
coagulase test was used to differentiate Staphylococcus aureus from
coagulase negative Staphylococci. Novobiocin was used to differentiate
between Staphylococcus saprophyticus from Staphylococcus epidermidis.
Triple Sugar Iron (TSI) agar test was also used to differentiate between
the various enterobacteria [22]. All follow-up biochemical testings were
done following standard clinical laboratory procedures [22].

2.6. Extended-spectrum beta-lactamase detection (screening and
confirmation)

All gram-negative isolates were screened for the presumptive pres-
ence of ESBLs. Isolates with reduced susceptibilities to cefotaxime (30 μg)
(zone diameter of<27 mm) and/or ceftazidime (30μg) (zone diameter of
<22 mm) were suspected to be þESBL in the screening test [23]. ESBL
phenotypic detection among the isolates was then confirmed using the
combined disc method (OxoidHamshire, England) according to the



Figure 1. Map of Ho Municipal District showing the location of HTH and HMH. Source: Wikipedia, Google Maps.
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Clinical and Laboratory Standards Institute [23]. The test was performed
by spreading the organism to be tested on Mueller Hinton agar then after,
ceftazidime (30 μg) disk and cefotaxime (30μg) disk were used alone and
3

then in combination with 10 μg clavulanic acid (Becton Dickinson) and
then incubated at 37 �C for 18–24 h for phenotypic confirmation of the
presence of þESBL. Isolates were considered þ ESBL if zone diameters
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increased by� 5 mm for either cefotaxime or ceftazidime alone and with
the corresponding antibiotic in combination with clavulanic acid [23].

2.7. Extended-spectrum beta-lactamase genotyping

All confirmed þ ESBL gram-negative isolates were further tested for
ESBL genes. The genes tested for were blaTEM, blaCTX-M, and blaSHV. DNA
was extracted by the method of boiling [24]. PCR was carried out using
BIOER Gene Pro thermocycler. Total reaction mixture of 25μl for a
primer set was prepared. These include Nuclease free water (14.574μl),
10X PCR buffer þ MgCl2 (2.5μl), 10mM dATP (0.5μl), 10mM dCTP
(0.5μl), 10mM dGTP (0.5μl), 10mM dTTP (0.5μl), 10μM forward primer
(0.4μl), 10μM reverse primer (0.4 μl), 5Uμl Taq polymerase (0.125μl),
and DNA Template (5μl) for the detection of blaTEM, blaCTX-M and blaSHV
(Table 1).

2.8. PCR conditions used for the detection of ESBL genes

The PCR conditions used for the detection of ESBL genes vary. The
target gene CTX-M used initial denaturation for 5 min at 94 �C; 25 cycles
of 94 �C for 30s, 52 �C for 30s, 72 �C for 60 s; final extension at 72 �C for 7
min. The target gene TEM used initial denaturation for 5 min at 94 �C; 30
cycles of 94 �C for 30 s, 52 �C for 30 s, 72 �C for 60 s; final extension at 72
�C for 7 min. Initial denaturation for 5 min at 95 �C; 30 cycles of 95 �C for
60 s, 55 �C for 60 s, 72 �C for 60 s; final extension at 72 �C for 10 min
were used for SHV target gene.

2.9. Agarose gel electrophoresis

A 1XTAE buffer was prepared and used to prepare 2% agarose gel.
The suspension was melted in amicrowave for 2 min. Themolten agarose
was stained with 3 μl of 0.5 μg/ml ethidium bromide. Themolten agarose
was poured into the tray with a comb inserted and allowed to set and
solidify. Two microliters (2 μl) of 10� Orange G loading dye was added
to 10 μl of each PCR product and loaded into the wells. The 100 bp DNA
ladder was loaded as a marker and the gel was electrophoresed at 120 V
for 45 min. The bands on the gels were visualized by ultraviolet trans-
illumination and photographed by Kodak camera.

2.10. Quality assurance

All necessary quality control checks were instituted before, during
and after data collection. Data collection was done only by trained data
collectors via face-to-face interviews in a language best understood by
the participants (thus English language, Eve and Twi). Data completeness
and consistency checks was performed after which a fit-for-purpose
Microsoft Excel 2016 was used to capture the data to avoid as many as
possible data entry errors. All quality control checks of laboratory assays
and media were checked. This included inspection for expiration date
and after media preparation, visual inspection for cracks in media due to
dryness of media, rough media surfaces due to bubbles, unequal fill of the
media plates and evidence of contamination. Escherichia coli ATCC 25922
was used as the ESBL negative (�ESBL) control strain while Klebsiella
Table 1. Nucleotide sequences of PCR primers used to amplify the ESBL genes.

Primer
name

Sequence (50-30) Target
gene

Amplicon
Size (bp)

TEM- F 50-TCCGCTCATGAGACAATAACC-30 TEM 1058

TEM -R 50-TTGGTCTGACAGTTACCAATGC-30

SHV- F 50-TGGTTATGCGTTATATTCGCC-30 SHV 865

SHV- R 50-GGTTAGCGTTGCCAGTGCT-30

CTX-M-F 50-TCTTCCAGAATAAGGAATCCC-30 CTX-M 910

CTX-M-R 50-CCGTTTCCGCTATTACAAAC-30
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pneumoniae ATCC 700603 was used as the ESBL positive (þESBL) control
strain.

2.11. Research questions

1. What is the prevalence of UTI among pregnant women in the Ho
Municipality?

2. What is the prevalence of ESBL producers and what are the ESBL
genes and distribution among pregnant women in the Ho
Municipality?

2.12. Ethical approval and consent to participate

Approval for the study was obtained from the Joint Committee on
Human Research, Publication and Ethics (CHRPE) of Komfo Anokye
Teaching Hospital (KATH)/School of Medical Sciences (SMS) (Ref:
CHRPE/RC/041/13). Permission was obtained from Ho Teaching Hos-
pital and Ho Municipal Hospital administration for the conduct of this
study. All participants signed an informed consent form after thorough
explanation of the study to them. All specimens were labeled using a
unique coding system for each participant's urine sample without taking
any personally identifiable details to ensure confidentiality.

2.13. Statistical analysis

Data collected we recorded into Microsoft excel 2016 using fit-for-
purpose excel forms to minimize entry errors. Captured data were then
checked for consistency and then transferred into IBM SPSS statistical
software version 24 for statistical analysis. Data are presented as fre-
quencies and percentages in tables. The Chi-square test statistic was used
to determine the association between independent and outcome vari-
ables of interest. P-values of less than 0.05 were considered statistically
significant.

3. Results

3.1. Urine culture

This study recruited pregnant women aged 15–45 years with the
majority and the least falling within the age category of 25–29 years old
(27.7%) and 35–45 years old (10.4%) respectively. Out of the 1345 urine
samples cultured, 230 had significant bacteria growth giving a UTI
prevalence of 17.1% (95% CI: 15.1%–19.1%) among pregnant women.
The highest UTI prevalence was recorded among pregnant women aged
25–39 years (19.6%) while the least was recorded among those aged
15–19 years (13.0%).

3.2. Prevalence of urinary tract isolates stratified by gestational age

Findings from this study revealed a higher prevalence of UTI among
pregnant women in the second trimester (42.6%). The most predom-
inating organism isolated was S. aureus (29.6%) followed closely by
E. coli (28.7%) both of which were highest among pregnant women in
their second trimester of gestation (Table 2).

As shown in Figure 2 below, of the overall 152 significant bacteriuria,
nearly half, 41.4% were þESBL whereas 58.6% were -ESBL.

3.3. Extended-spectrum beta-lactamase gene types from gram negative
isolates among pregnant women

Of the 63 þ ESBL, 45 (71.4%) possessed TEM genes with a bands
amplicon size of 1058 bp, 42 (66.7%) had CTX-M genes with a bands
amplicon size of 910 bp and 2 (3.2%) had SHV genes with a bands
amplicon size of 865 bp (Table 3).

The prevalence of gram-negative bacteriuria was higher (43.4%, 66/
152) in the second trimester of gestation. Further analysis revealed the



Table 2. Prevalence of urinary tract isolates stratified by gestational age.

Isolates Trimester

Overall First (%) Second (%) Third (%) Overall (%)

45 (19.6) 98 (42.6) 87 (37.8) 230 (17.1)

Staphylococcus
aureus

11 (16.2) 30 (44.1) 27 (39.7) 68 (29.6)

Escherichia coli 12 (18.2) 29 (43.9) 25 (37.9) 66 (28.7)

Citrobacter spp 10 (35.7) 9 (32.1) 9 (32.1) 28 (12.2)

Klebsiella pneumoniae 1 (5.0) 14 (70.0) 5 (25.0) 20 (8.7)

Pseudomonas aeruginosa 3 (16.7) 7 (38.9) 8 (11.1) 18 (7.8)

Enterobacter spp 3 (21.4) 6 (42.9 5 (35.7) 14 (6.1)

Staphylococcus
saprophyticus

4 (40) 2 (20.0) 4 (40.0) 10 (4.3)

Providentia spp 1 (8.1) 1 (20.0) 3 (60.0) 5 (2.2)

Proteus mirabilis 0 (0.0) 0 (0.0) 1 (100.0) 1 (0.4)

Table 3. Prevalence of þESBLs and the associated ESBL genotypes.

Isolates þESBL Isolate (%) ESBL Genotype

TEM (%) CTX-M (%) SHV (%)

Total (%) 63 (41.4) 45 (71.4) 42 (66.7) 2 (3.2)

Escherichia coli 23 (34.8) 9 (39.1) 4 (17.4) 2 (8.7)

Klebsiella pneumonia 13 (65.0) 13 (100) 13 (100) 0 (0.0)

Citrobacter spp 11 (39.3) 7 (63.6) 9 (81.8) 0 (0.0)

Pseudomonas aeruginosa 8 (44.4) 8 (100) 8 (100) 0 (0.0)

Enterobacter spp 6 (42.9) 6 (100) 6 (100) 0 (0.0)

Providentia spp 2 (40.0) 2 (100) 2 (100) 0 (0.0)

Table 4. Prevalence of ESBL production stratified by gestational age.

Gestational Age Total GNI þESBL �ESBL

1st Trimester 30 (19.7) 12 (40.0) 18 (60.0)

2nd Trimester 66 (43.4) 30 (45.5) 36 (54.5)

3rd Trimester 56 (36.8) 21 (37.5) 35 (62.5)

Chi-square (p-valued) 0.82 (0.6629)

GNI-Gram-negative isolates; þESBL- Extended Spectrum В-lactamase producers;
�ESBL- Extended Spectrum В-lactamase nonproducers.
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highest þ ESBL among pregnant women was recorded in their second
trimester (45.5%) whereas �ESBL was highest among pregnant women
in their third trimester (62.5%). Meanwhile. Gestational age was not
significantly associated with ESBL production (Table 4).

In this study, of the 63 þ ESBL isolates, 38 possessed multiple ESBL
genes. Of the 38, 2 had SHV and TEM genes whereas 36 had CTX-M and
TEM genes. None of the isolates possessed all three ESBL genes (Table 5).

4. Discussion

The study reports on urinary tract bacterial pathogens and ESBL
production among isolates obtained from pregnant women in Ho Mu-
nicipality. We found an overall UTI prevalence rate of 17.1% (15.1%–

19.1%) which was higher among pregnant women aged 25–39 years
(19.6%) and in their second trimester (42.6%). The most predominating
organism isolated was S. aureus (29.6%) followed closely by E. coli
(28.7%) both of which were highest among pregnant women in their
second trimester of gestation. The overall prevalence of þESBL was
41.4% (Figure 2) which was higher among pregnant women in their
second trimester. Finally, we found that 71.4%, 66.7%, and 3.2% of the
þESBLs possessed TEM, CTX-M, and SHV genes respectively whereas 2
had both SHV and TEM and 36 had both CTX-M and TEM genes.

The overall prevalence of UTI among pregnant women as observed in
this study was comparable to the 16% among women during pregnancy
Figure 2. Prevalence of urinary-associated E
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in Sudan [25]. The UTI prevalence recorded in this study is however
higher than earlier reports of 9.5 % in Kumasi, Ghana [3] and 12% in
Saudi Arabia [26] but lower than 56.5% among pregnant women in Cape
Coast, Ghana [2]. The variation in UTI prevalence from one geographical
location to another could be attributed to differences in UTI perception,
mode of screening, and risk factors such as age and parity [3]. Of note is
the high UTI prevalence among pregnant women aged 25–39 years old.
This however does not come as a surprise as this age group represents the
most reproductive and sexually active age group. The vaginal organisms
gain access to the urethra during sexual intercourse [27], leading to an
increased tendency of bacteria to be massaged into the urethra with their
subsequent migration into the bladder to initiate infection. Meanwhile,
the natural close proximity of the female urethra to the anus makes it
prone to fecal flora contamination, especially for pregnant women who
fail to exhibit personal hygiene during gestation. The high UTI preva-
lence within this age group raises serious concerns about negative birth
outcomes as a function of the infection which treatment may be chal-
lenged in the era of significant antibiotic resistance.
SBL producers among pregnant women.



Table 5. Frequency of multiple ESBL genes.

Two genes Three genes

SHV SHV CTX-M SHV þ CTX-M þ TEM

þ þ þ
CTX-M TEM TEM

0 2 36 0
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Generally, higher UTI prevalence was observed among pregnant
women in their second and third trimesters compared to the first
trimester. This observation could be accounted for by the anatomical and
physiological changes which occur during pregnancy [28]. For example,
the expansion of the uterus in pregnancy coupled with increased hor-
monal effects offsets normal homeostatic balance creating conditions
favorable for microbial invasion [29]. Nonetheless, though UTI preva-
lence in the first trimester was relatively low, it served as an incubation
period for most of the microbes, hence, UTI could not be diagnosed with
significant bacterial counts at this stage. Besides the pregnant woman
might have competent immune systems to keep the bacterial growth in
check in the first trimester, and so as the pregnancy grows the women
develop lower immune status and the UTI is manifested in the second and
third trimesters [30].

The most prevalent organism observed in this study was Staphylo-
coccus aureus followed closely by Escherichia coli. The prevalence of
Staphylococcus aureus (29.6%) observed in this study was comparable to
27.1% in Nigeria in 2007 [31]. Staphylococcus aureus has been reported
as the most prevalent UTI organism amongst pregnant women in Nigeria
[31, 32] but in Tanzania [33] and Ghana [34], Escherichia coli was re-
ported as the most prevalent organism isolated from urine. Both organ-
isms; E. coli and S. aureus are believed to cause cystitis in many young
sexually active females [35]. Variations in their prevalence among
pregnant women within countries could be due to the general prevalence
of the organism within the country's population as well as the personal
hygiene practices of the studied population. The high Staphylococcus
aureus prevalence recorded in this study could be community-acquired
which may pose serious health challenges to the safety of pregnant
women in the Ho Municipality.

In this study, 41.4% þ ESBL bacteria were recorded. Other studies
in Ghana reported 50.5% in Accra [9] and 57.8% in Kumasi [10].
Elsewhere, ESBL prevalence of 50% from northwestern Nigeria [12],
42% in Lagos, Nigeria [36], South Africa (36.1%) [13], Tunisia
(38.5%) [14], and Tanzania (15%) [33] was reported. The ESBL ge-
notypes obtained in Ho Municipality among the pregnant women were
similar to those obtained in Accra [9] and a much earlier study that
recorded an ESBL prevalence of 41.5% at the Ho Teaching Hospital
[11]. In the present study, the prevalence of BlaTEM was 45 (71.4%),
BlaCTX-M 42 (66.7%), and BlaSHV 2 (3.2%). Clearly, the ESBL genotype
is circulating within the communities and is largely affected by the
degree of antibiotic usage. The ESBLs are produced in hospitals where
the use of antibiotics is very high and the ESBL spreads to the com-
munities. This might explain why a study conducted in Kumasi found
high BlaTEM and BlaCTX-M (96.2% and 94.4%, respectively) genotypes
[10]. The differences might be due to the inclusion of hospitalized
patients in the Kumasi study compared to our study which comprised
only patients from the community. This means that there is high
prevalence of community-acquired ESBL circulating in the Ho Munic-
ipality. The high ESBL prevalence observed in this study holds the
potential to result in significant treatment failure and the narrowing of
the antibiotic spectrum due to its destructive effect on cephalosporins
[11]. Meanwhile, when we consider the growing level of
self-medication in our communities without prior laboratory investi-
gation coupled with the difficulty in detecting ESBLs and the in-
consistencies in reporting ESBLs within the community, we fear a surge
in antibiotic resistance moving forward and the consequences among
pregnant women may be dire.
6

5. Conclusions

The prevalence of UTI was 17.1% among pregnant women attending
antenatal clinics in Ho Municipality. There was a high prevalence
(41.4%) ofþESBL organisms among the isolates which were community-
acquired isolates, with the BlaTEM and BlaCTX-M being the commonest.

Declarations

Author contribution statement

Robert K. Adedze-Kpodo: Conceived and designed the experiments;
Performed the experiments; Analyzed and interpreted the data;
Contributed reagents, materials, analysis tools or data; Wrote the paper.

Patrick K. Feglo: Performed the experiments; Contributed reagents,
materials, analysis tools or data; Wrote the paper.

Eric Agboli; Richard H. Asmah: Performed the experiments;
Contributed reagents, materials, analysis tools or data.

Precious K. Kwadzokpui: Performed the experiments; Analyzed and
interpreted the data; Wrote the paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability statement

Data will be made available on request.

Declaration of interests statement

The authors declare no competing interests.

Additional information

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2022.e12513.

Acknowledgements

We are grateful to the staff of the Ho Teaching Hospital and Ho
Municipal Hospital. We are also grateful to the Laboratory staff and the
antenatal clinic of these hospitals.

References

[1] G. Stein, R. Fünfstück, Asymptomatic bacteriuria, Med. Klin 95 (4) (2000) 195–200.
[2] A. Boye, P.M. Siakwa, J.N. Boampong, G.A. Koffuor, R.K.D. Ephraim, P. Amoateng,

et al., Asymptomatic urinary tract infections in pregnant women attending
antenatal clinic in Cape Coast, Ghana, J. Med. Res 1 (6) (2012) 74–83.

[3] C. Obirikorang, L. Quaye, F. Bio, N. Amidu, I. Acheampong, K. Addo, Asymptomatic
bacteriuria among pregnant women attending antenatal clinic at the uni-versity
Hospital, Kumasi, Ghana, J. Med. Biomed. Sci. 1 (1) (2012) 38–44.

[4] M.A. Jazayeri, G.R. Irajian, Asymptomatic urinary tract infection in pregnant
women, Iran. J. Pathol. 4 (3) (2009) 105–108.

[5] F. Mansouri, H. Sheibani, M. Javedani Masroor, M. Afsharian, Extended-spectrum
beta-lactamase (ESBL)-producing Enterobacteriaceae and urinary tract infections in
pregnant/postpartum women: a systematic review and meta-analysis, Int. J. Clin.
Pract 73 (12) (2019), e13422.

[6] V. Sharma, S. Sharma, P. Garg, G.N. Rao, Clinical resistance of Staphylococcus
keratitis to ciprofloxacin monotherapy, Indian J. Ophthalmol 52 (4) (2004)
287–292.

[7] M.A. Pfaller, J. Segreti, Overview of the epidemiological profileand laboratory
detection of extended-spectrum β-Lactamases, Clin. Infect. Dis. 42 (Supplement_4)
(2006) S153–S163.

[8] A. Apisarnthanarak, P. Kiratisin, P. Saifon, R. Kitphati, S. Dejsirilert, L.M. Mundy,
Clinical and molecular epidemiology of community-onset, extended-spectrum
β-lactamase-producing Escherichia coli infections in Thailand: a case-case-control
study, Am. J. Infect. Control 35 (9) (2007) 606–612.

[9] H.K. Hackman, G. Osei-Adjei, A. Gordon, E. Laryea, S. Quaye, L. Anison, et al.,
Phenotypic characterization of AmpC beta-lactamase among cefoxitin resistant

https://doi.org/10.1016/j.heliyon.2022.e12513
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref1
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref1
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref9


R.K. Adedze-Kpodo et al. Heliyon 8 (2022) e12513
Escherichia coli and Klebsiella pneumoniae isolates in Accra, Ghana J. Biol. Agric.
Healthcare 3 (16) (2013) 102–105.

[10] P. Feglo, Y. Adu-Sarkodie, Antimicrobial resistance patterns of extended spectrum
В-lactamase producing Klebsiellae and E. coli isolates from a tertiary hospital in
Ghana, Europ. Scientif. J. 12 (30) (2016) 174–187.

[11] J.G. Deku, K.O. Duedu, E. Ativi, G.E. Kpene, P.K. Feglo, Occurrence and distribution
of extended-spectrum β-lactamase in clinical Escherichia coli isolates at Ho
Teaching Hospital in Ghana, Ghana Med. J. 55 (4) (2021) 298–307.

[12] O.O. Soge, A.M. Queenan, K.K. Ojo, B.A. Adeniyi, M.C. Roberts, CTX-M-15
extended-spectrum β-lactamase from Nigerian Klebsiella pneumoniae,
J. Antimicrob. Chemother 57 (1) (2006) 24–30.

[13] N.P. Tau, A.M. Smith, A. Sooka, K.H. Keddy, R. Group for Enteric, MDSiS. Africa,
Molecular characterization of extended-spectrum β-lactamase-producing Shigella
isolates from humans in South Africa, 2003–2009, J. Med. Microbial 61 (1) (2012)
162–164.

[14] T. Ben-Hamouda, T. Foulon, K. Ben-Mahrez, Involvement of SHV-12 and SHV-2a
encoding plasmids in outbreaks of extended-spectrum β-lactamase-producing
Klebsiella pneumoniae in a Tunisian neonatal ward, Microb. Drug Resist 10 (2)
(2004) 132–138.

[15] A. Philippon, G. Arlet, G.A. Jacoby, Plasmid-determined AmpC-type β-lactamases,
Antimicrob. Agents Chem. 46 (1) (2002) 1–11.

[16] P.A. Bradford, Extended-spectrum β-lactamases in the 21st century:
characterization, epidemiology, and detection of this important resistance threat,
Clin. Microbiol. Rev 14 (4) (2001) 933–951.

[17] D.L. Paterson, R.A. Bonomo, Extended-spectrum β-lactamases: a clinical update,
Clin. Microbiol. Rev 18 (4) (2005) 657–686.

[18] K. Yamasaki, M. Komatsu, T. Yamashita, K. Shimakawa, T. Ura, H. Nishio, et al.,
Production of CTX-M-3 extended-spectrum β-lactamase and IMP-1 metallo
β-lactamase by five Gram-negative bacilli: survey of clinical isolates from seven
laboratories collected in 1998 and 2000, in the Kinki region of Japan,
J. Antimicrob. Chemother 51 (3) (2003) 631–638.

[19] M. Falagas, D.E. Karageorgopoulos, Extended-spectrum β-lactamase-producing
organisms, J. Hosp. Infect 73 (4) (2009) 345–354.

[20] R. Colgan, L.E. Nicolle, A. McGlone, T.M. Hooton, Asymptomatic bacteriuria in
adults, Am. Fam. Physician 74 (6) (2006) 985–990.

[21] L. Michelim, G.R. Bosi, E. Comparsi, Urinary tract infection in pregnancy: review of
clinical management, J. Clin. Nephrol. Res 3 (1) (2016) 1030.

[22] M. Cheesbrough, District laboratory practice in tropical countries. Part 1,
Cambridge University Press, Cambridge, UK, 2006.
7

[23] CLSI. Clinical and Laboratory Standards Institute, M100–S25 Edn. Performance
Standards for Antimicrobial Susceptibility Testing, Twenty-Fifth Informational
Supplement, Pennsylvania, 2015.

[24] H. Heffernan, C. Pope, P. Carter, Identification of extended-spectrum β-lactamase
types, in: Plasmid Mediated AmpC β-lactamases and Strains Among Urinary
Escherichia coli and Klebsiella in New Zealand in 2006, Communicable Disease
Group, 2007. ESR FW07103.

[25] H.Z. Hamdan, A.H.M. Ziad, S.K. Ali, I. Adam, Epidemiology of urinary tract
infections and antibiotics sensitivity among pregnant women at Khartoum North
Hospital, Ann. Clin. Microbiol. Antimicrob 10 (1) (2011) 1–5.

[26] H.S. Faidah, A.M. Ashshi, G.A. Abou El-Ella, A.K. Al-Ghamdi, A.M. Mohamed,
Urinary tract infections among pregnant women in Makkah, Saudi Arabia, Biomed.
Pharmacol. J. 6 (1) (2015) 1–7.

[27] DC D, DC Dutta’s Texbook of Gynecology, Jaypee Brothers Medical Publishers Ltd,
New Delhi, India, 2013.

[28] M. Amiri, Z. Lavasani, R. Norouzirad, R. Najibpour, M. Mohamadpour,
A.R. Nikpoor, et al., Prevalence of urinary tract infection among pregnant women
and its complications in their newborns during the birth in the hospitals of Dezful
city, Iran, 2012-2013, Iran. Red Crescent Med. J. 17 (8) (2015).

[29] P. Mittal, D.A. Wing, Urinary tract infections in pregnancy, Clin. Perinatol 32 (3)
(2005) 749–764.

[30] O. Valenti, F.A. Di Prima, E. Renda, M. Faraci, E. Hyseni, R. De Domenico, et al.,
Fetal cardiac function during the first trimester of pregnancy, J. Prenatal Med 5 (3)
(2011) 59.

[31] P.E. Imade, P.E. Izekor, N.O. Eghafona, O.I. Enabulele, E. Ophori, Asymptomatic
bacteriuria among pregnant women, N. Am. J. Med. Sci 2 (6) (2010) 263.

[32] J.C. Vazquez, E. Abalos, Treatments for symptomatic urinary tract infections during
pregnancy, Cochrane Database Syst. Rev (1) (2011).

[33] B. Blomberg, B.E. Olsen, S.G. Hinderaker, N. Langeland, P. Gasheka, R. Jureen, et al.,
Antimicrobial resistance in urinary bacterial isolates from pregnant women in rural
Tanzania: implications for public health, Scand. J. Infect. Dis 37 (4) (2005) 262–268.

[34] C. Turpin, B. Minkah, K. Danso, E. Frimpong, Asymptomatic bacteriuria in pregnant
women attending antenatal clinic at komfo anokye teaching hospital, kumasi,
Ghana, Ghana Med. J. 41 (1) (2007) 26.

[35] A. Al-Badr, G. Al-Shaikh, Recurrent urinary tract infections management in women:
a review, Sultan Qaboos Univ. Med. J 13 (3) (2013) 359.

[36] I. Aibinu, V. Ohaegbulam, E. Adenipekun, F. Ogunsola, T. Odugbemi, B. Mee,
Extended-spectrum β-lactamase enzymes in clinical isolates of Enterobacter species
from Lagos, Nigeria, J. Clin. Microbiol 41 (5) (2003) 2197–2200.

http://refhub.elsevier.com/S2405-8440(22)03801-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref21
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref21
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref32
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref32
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref36
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref36
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03801-4/sref37

	Genotypic characterization of extended-spectrum β-lactamase producing urinary isolates among pregnant women in Ho municipal ...
	1. Introduction
	2. Materials and methods
	2.1. Study design and site
	2.2. Study participants and eligibility criteria
	2.3. Data and specimen collection
	2.4. Urine sample collection and processing
	2.5. Urine culture and identification of isolates
	2.6. Extended-spectrum beta-lactamase detection (screening and confirmation)
	2.7. Extended-spectrum beta-lactamase genotyping
	2.8. PCR conditions used for the detection of ESBL genes
	2.9. Agarose gel electrophoresis
	2.10. Quality assurance
	2.11. Research questions
	2.12. Ethical approval and consent to participate
	2.13. Statistical analysis

	3. Results
	3.1. Urine culture
	3.2. Prevalence of urinary tract isolates stratified by gestational age
	3.3. Extended-spectrum beta-lactamase gene types from gram negative isolates among pregnant women

	4. Discussion
	5. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	References


