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University of Cape Coast, Cape Coast, Ghana; 3Ellolab Diagnostic Centre, Kumasi, Ghana; 4Anglogold Ashanti Health Foundation 

Hospital, Obuasi, Ghana

Abstract

Background and objective: Asymptomatic bacteriuria (ASB) poses a serious health problem to pregnant women 
and fetuses. However, in most developing countries, routine screening for ASB and antimicrobial sensitivity test 
are rarely performed. This study, therefore, aimed to determine the best diagnostic method for routine screen-
ing of ASB and antimicrobial susceptibility pattern among pregnant women attending an antenatal clinic in the 
Ashanti Region of Ghana.

Methods: Urine samples from 412 pregnant women between the ages of 16 and 45 years-old attending antenatal 
clinic at Anglogold Ashanti Health Foundation Hospital and Ellolab Diagnostic Centre were screened for ASB by 
microscopy, dipstick urinalysis and bacteria culture. Susceptibility of the positive isolates were assessed against 
commonly used antimicrobial agents, adopting the disc diffusion test method.

Results: Of the 412 pregnant women screened, 72 tested positive for ASB by the urine culture method, which 
translates into an overall prevalence of 17.5%. There was no association between age, marital status, occupation, 
parity, educational background nor duration of pregnancy with ASB (p > 0.05). Additionally, dipstick urinalysis was 
found to be a better diagnostic method than microscopy. The most isolated bacteria were Escherichia coli (62.5%) 
and Klebsiella pneumoniae (30.6%), and nitrofurantoin and nalidixic acid were the most effective antimicrobial 
agents.

Conclusions: Routine urine culture and antimicrobial susceptibility test should be carried out on all pregnant 
women attending antenatal clinic to detect possible ASB and prescribe appropriate drugs, such as nitrofurantoin 
and nalidixic acid, to prevent any related complications. However, in health centers that lack bacterial culture 
facilities, dipstick urinalysis should be the preferred screening option.

Keywords: Asymptomatic; Bacteriuria; Antimicrobial agent; Diagnostic methods.
Abbreviations: ASB, asymptomatic bacteriuria; UTI, urinary tract infection; PPV, 
positive predictive value; NPV, negative predictive value.
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Introduction

Pregnancy is commonly associated with urinary tract infection 
(UTI), and has been attributed to hormonal and physiological 
changes that occur during pregnancy.1 At week 6 of most preg-
nancies, the ureters begin to dilate as a result of the physiological 
changes, a condition commonly referred to as hydronephrosis of 
pregnancy.2 This condition peaks at 22–26 weeks and persists until 
delivery.2,3 Interestingly, both progesterone and estrogen levels in-
crease during pregnancy and lead to decreases urethral and bladder 
tone. Increased bladder volume and decreased bladder tone along 
with decreased urethral tone contribute to increased urinary stasis 

http://creativecommons.org/licenses/by-nc/4.0/
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and ureterovesical reflux, which could result in asymptomatic bac-
teriuria (ASB). Additionally, the uterus sits directly on top of the 
urinary bladder, and as the resultant weight of the uterus increases, 
it blocks the drainage of urine from the bladder, thus causing uri-
nary stasis that might lead to infection of the urinary tract.1

Moreover, the immune system of pregnant women becomes 
compromised, rendering the pregnant woman more susceptible to 
both pathogenic and nonpathogenic microorganisms. Another im-
portant predisposing factor is the female sex itself, due to the rela-
tively shorter urethra. Thus, proximity of the vagina to the anus, 
coupled with the inability of pregnant women to completely empty 
their bladder, predispose them to UTI.4 Finally, the anatomical link 
between the urethra and vagina makes it liable to trauma during 
sexual intercourse, lending further susceptibility to infections.5

Untreated ASB during pregnancy can adversely affect both 
mother and fetus, and is related to a greater chance of progression 
to pyelonephritis and possibly an increased susceptibility to pre-
eclampsia, premature birth and low neonatal birth weight.6 It is, 
therefore, imperative to routinely screen pregnant women attend-
ing antenatal clinic for ASB, to be able to initiate remedial meas-
ures early enough to curb any related complications, should ASB 
be detected. The diagnostic methods commonly used for this pur-
pose are the diagnostic dipstick, microscopy and urine culture; the 
latter being the most reliable.7 Urine culture is the gold standard 
against which the other two diagnostic techniques are evaluated.8

Gram-negative bacteria, such as Escherichia coli, Klebsiella 
and Proteus, and Gram-positive bacteria, such as hemolytic Strep-
tococci and Staphylococcus saprophyticus, are the most implicated 
bacteria species for ASB in pregnancy.9 Earlier studies conducted 
in Ghana found UTI prevalence of 7.3%,10,11 with E. coli being the 
dominant bacteria isolated from the pregnant women who attended 
antenatal care during the study period. These high prevalence rates 
in the earlier studies paint a gloomy picture that requires immedi-
ate and appropriate interventions.10,11 Unlike the bacteria culture 
method, the dipstick and microscopy diagnostic methods readily 
produce results in a short space of time, which is an important 
requirement in the routine diagnostic method. Therefore, any of 
these two diagnostic methods that proves efficient can be recom-
mended to be used to screen pregnant women for ASB.

The use of antibiotics is, to a greater extent, the only impor-
tant modifiable risk factor for antibiotic resistance.12 Most often, 
treatment of UTI is started empirically and it is based on the prior 
information physicians have on the antimicrobial resistance pat-
terns of the urinary pathogens.13 However, in recent times many 
reports have been published on increased antimicrobial resistance 
among urinary tract isolates, from all over the globe.14,15 In Afri-
can countries, including Ghana, the use of drugs that are not up to 
standard, indiscriminate use of antibiotics and erratic prescription 
by unqualified drug peddlers have been identified as contributing 
to the surge in antimicrobial resistance.16

The current study aimed to assess the effectiveness of microsco-
py and dipstick diagnostic methods for diagnosing ASB compared 
to the bacteria culture method (as gold standard), estimating the 
prevalence of ASB and investigating the antimicrobial suscepti-
bility pattern of the bacteria responsible for ASB among pregnant 
women attending antenatal care in the Ashanti region, Ghana.

Methods

Study site

This study was undertaken from January 2017 to May 2017 at 

the Anglogold Ashanti Health Foundation Hospital in Obuasi and 
Ellolab Diagnostic Centre in Kumasi, both located in the Ashanti 
region of Ghana.

Questionnaire administration

Questionnaires were administered to pregnant women attending an-
tenatal clinic at these hospitals during the study period. However, 
pregnant women with clinical signs and symptoms of UTI and those 
who were on antimicrobial treatment prior to sample collection were 
excluded. Respondents were briefed about the study and their consent 
sought before administering the questionnaires. A total of 412 ques-
tionnaires were administered to access certain vital sociodemographic 
data from the study subjects. Each interview lasted for 5 to 10 m.

Collection and processing of urine samples

The women were educated about the correct procedures for collect-
ing a urine sample for clinical purposes. Subsequently, sterile urine 
containers were given to them to collect a clean-catch midstream 
urine sample for the test. Urine samples were preliminarily analyzed 
for ASB by Multistix 10SG urine test strips (Siemens Healthcare Di-
agnostics, Tarrytown, NY, USA). This was done within 2 h of sample 
collection. A Multistix 10SG urine strip (Siemens Healthcare Diag-
nostics) was dipped in the urine sample and analyzed according to the 
manufacturer’s instructions. Subsequently, microscopic analysis was 
performed (Model CX22; Olympus, Tokyo, Japan). The urine sam-
ples were cultured within 2 h of sample collection. Using a calibrated 
wire inoculating loop (0.001 mL), urine samples were inoculated into 
cystine lactose electrolyte-deficient medium (Liofichem, Ltd., Piane 
Vomano, Italy) and incubated at 37 °C for 24 h. Colonies were count-
ed to check the presence of significant bacteriuria.

Colony count yielding bacterial growth of 105 CFU/mL of urine 
was regarded as significant bacteriuria. Subsequent to this, the 
specificity, sensitivity, positive predictive value (PPV) and nega-
tive predictive value (NPV) of microscopy and dipstick diagnostic 
methods were calculated using the following formulae: sensitivity 
= number of true positives ÷ (number of true positives + number of 
false negatives); specificity = number of true negative ÷ (number 
of true negatives + number of false positives); PPV = number of 
true positive ÷ (number of true positives + number of false posi-
tives); NPV = number of true negative ÷ (number of true negative 
+ number of false negatives).

Bacterial isolates were then identified based on their colonial 
morphology, the Gram reaction and pattern of biochemical reac-
tions. The disc diffusion antimicrobial sensitivity test was subse-
quently performed for the positive cultures using antimicrobial sen-
sitivity discs on Mueller-Hinton agar (Oxoid Ltd., Hampshire, UK) 
as instructed by the standardized table published by the Clinical and 
Laboratory Standards Institute (2014). Antimicrobial discs tested 
against the positive isolates included ampicillin (10 µg), cefuroxime 
(30 µg), cotrimoxazole (25 µg), gentamicin (10 µg), tetracycline (30 
µg), nalidixic acid (30 µg), nitrofurantoin (300 µg), pipemidic acid 
(20 µg) and meropenem (10 µg) (Oxoid Ltd.). Reference strains of 
E. coli (No. 25922; American Type Culture Collection, Manassas, 
VA, USA) and S. aureus (No. 25923; American Type Culture Col-
lection) preserved in our laboratory were used as controls.

The protocol was approved and ethically cleared by the Depart-
ment of Biomedical Sciences, College of Health and Allied Sci-
ences, University of Cape Coast (Ghana), and written informed 
consent was obtained from all patients prior to enrollment. Ethical 
approval was also obtained from the Anglogold Ashanti Health 
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Foundation Hospital and Ellolab Diagnostic Center. All proce-
dures were performed in accordance with the ethical standards 
outlined in the Helsinki Declaration of 1975, as revised in 2013.

Statistical analysis

Data was analyzed using the SPSS software package version 21 
(IBM Corp., Armonk, NY, USA). The data were analyzed using chi-
square (χ2) test, to test whether differences between values are signifi-
cant. p-values less than 0.05 were considered statistically significant.

Results

The ages of the study subjects ranged from 16 to 45 years, with 

the majority (n = 154, 37.4%) belonging to the age group of 26–30 
years (Table 1). The mean and median ages were 29.27 and 29 
years respectively, whereas the modal age was 28 years. Educa-
tional status of participants included illiterate (n = 22, 5.3%), pri-
mary school level (n = 30, 7.3%), secondary school level (n = 229, 
55.6%) and tertiary level (n = 131, 31.8%). Among the 412 study 
participants, 34 (8.3%), 117 (28.4%) and 261 (63.3%) were in the 
first, second and third trimesters respectively (Table 1). A total of 
73 (17.7%) of the women were single (unmarried), whereas the 
remaining 339 (82.3%) were married (Table 1).

Of the 412 pregnant women, 72 were found to be positive for 
ASB by the urine culture method (Table 2), which translates into 
an overall prevalence of 17.5%. The age group of 41–45 years 
presented the highest prevalence, being 27.3% (Table 1). Also, 
as shown in Table 1, the pregnant women in the third trimester 
showed the highest prevalence, being 19.5%. Prevalence of ASB 

Table 1.  Prevalence of asymptomatic bacteriuria based on sociodemographic characteristics determined by the culture method

Characteristic Total Number, n (%) Tested Negative, n (%) Tested Positive, n (%) Chi-Square Value, X2 p-value

Age

  16–20 26 (6.3) 23 (88.5) 3 (11.5) 3.146 0.678

  21–25 86 (20.9) 74 (86.0) 12 (14.0)

  26–30 154 (37.4) 125 (81.2) 29 (18.8)

  31–35 77 (18.7) 64 (83.1) 13 (16.9)

  36–40 47 (11.4) 38 (80.9) 9 (19.1)

  41–45 22 (5.3) 16 (72.7) 6 (27.3)

Marital status

  Single 73 (17.7) 58 (79.5) 15 (20.5) 0.581 0.272

  Married 339 (82.3) 282 (83.2) 57 (16.8)

Educational background

  Illiterate 22 (5.3) 20 (90.9) 2 (9.1) 11.651 0.109

  Primary 30 (7.3) 26 (86.7) 4 (13.3)

  Secondary 229 (55.6) 198 (86.5) 31 (13.5)

  Higher learning 131 (31.8) 96 (73.3) 35 (26.7)

Occupation

  Student 13 (3.2) 11 (84.6) 2 (15.4) 3.959 0.138

  Housewife 66 (16.0) 60 (90.9) 6 (9.1)

  Employed 333 (80.8) 269 (80.8) 64 (19.2)

Parity

  <1 149 (36.2) 119 (79.9) 30 (20.1) 1.636 0.802

  1 103 (25.0) 86 (83.5) 217 (23.6)

  2 68 (16.5) 56 (82.4) 12 (17.6)

  3 54 (13.1) 47 (87.0) 7 (13.0)

  ≥4 38 (9.2) 32 (84.2) 6 (15.8)

Duration of pregnancy

  First trimester 34 (8.3) 31 (91.2) 3 (8.8) 2.891 0.236

  Second trimester 117 (28.4) 99 (84.6) 18 (15.4)

  Third trimester 261 (63.3) 210 (80.5) 51 (19.5)
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among pregnant women based on microscopy was 17.2% (Table 
2). Also, presented in Table 3 is prevalence of symptomatic bac-
teriuria using various dipstick parameters, and prevalence of ASB 
based on dipstick diagnostic method was 18.0% (Table 2). The 
sensitivity, specificity, PPV and NPV of microscopy as calculated 
from Table 4 were 74.32%, 94.9%, 76.3% and 94.4% respectively. 
The sensitivity, specificity, PPV and NPV of dipstick urinalysis 
as calculated from Table 4 were 95.9%, 99.7%, 98.6% and 99.1% 
respectively. These were determined based on leukocyte esterase 
and nitrite parameters.

Among the isolated bacteria species (n = 72, 17.5%), the Gram-
negative bacteria E. coli, K. pneumoniae and P. mirabilis were the 
most prevalent (n = 71, 98.6%) compared to the Gram-positive 
Enterococcus fecalis (n = 1, 1.4%; Table 5). The most dominant 
bacteria isolated was E. coli (n = 45, 62.5%), followed by K. pneu-
moniae (n = 22, 30.6%). As shown in Table 6, E. coli was relatively 
sensitive to nitrofurantoin (75.6%) and nalidixic Acid (57.8). K. 
pneumoniae also demonstrated a similar trend to nalidixic acid 
(72.7%) and nitrofurantoin (63.6%). P. mirabilis, on the other 
hand, exhibited 50% sensitivity to both nalidixic acid and mero-
penem. E. fecalis, the only Gram-positive strain, was sensitive to 
only meropenem (100%).

Discussion

Pregnant women at any stage of pregnancy are at increased risk 
of UTI, although such infections are usually asymptomatic.17,18 In 
this study of the prevalence of ASB in pregnant women, suitable 
routine screening methods and antimicrobial susceptibility pat-
terns of the isolates were investigated. In the quest to recommend 
an efficient routine diagnostic method that could produce results in 
relatively shorter time for possible ASB, the sensitivity and speci-
ficity of the microscopic and dipstick diagnostic methods were 
also determined and compared. The diagnosis of ASB in this study 
was based on a single urine sample from each study participant.

Based on bacterial culture method, the gold standard diagnostic 
method, the overall prevalence of ASB among pregnant women in 
this study was 17.5%. This prevalence was relatively higher than 
those reported in earlier studies, including those from Ethiopia 
(3.3% and 11.6%),19,20 Iran (6.1%),21 Ghana (7.3%) and Mexico 
(8.4%).10,22 It was however lower than in other studies carried out 
in Nigeria (22.2%) and Ghana (56.5%).11,23 It can, therefore, be 

inferred from the above results that the prevalence of ASB var-
ies from one geographical location to another, which can possibly 
be attributed to differences in the mode of screening and/or com-
pounding risk factors such as age, parity, educational level, envi-
ronmental and personal hygiene.11,24 Notwithstanding, the 17.5% 
prevalence recorded in this study is relatively high, and consider-
ing the demography of study locations, it could possibly represent 
the national prevalence of Ghana. It, therefore, calls for concerted 
efforts among all interested parties to formulate a national policy 
to help curb this situation.

The current study did not find any association between age, 
marital status, occupation, parity, educational background and du-
ration of pregnancy (p > 0.05) for positive results of ASB, and 
implies that the incidence of ASB among pregnant women might 
not be dependent on these demographic parameters and therefore 
might not be considered risk factors. This was consistent with 
similar studies conducted in Ethiopia.25,26 The highest prevalence 
of this study was recorded for the age group of 41–45 years and 
the lowest for the age group of 16–20 years. The finding of the 
highest and lowest prevalence rates being represented by the oldest 
and youngest age groups, respectively, was very instructive. This 
relatively high prevalence among the older women might be due 
to a compromised immune system, and also, during pregnancy, 
the lining of the tissues around the vagina becomes more fragile, 
which get worse with age, making older pregnant women more 
susceptible and younger ones less susceptible to the infections.27

This study also recorded high ASB prevalence among pregnant 
women in the third trimester, which was followed by the second 
trimester of pregnancy. This was consistent with the outcome 
of earlier studies in Nigeria.28,29 Possibly, susceptibility to ASB 
at this stage of pregnancy could be due to dilatation of the ure-
ters, which starts around 6 weeks and reaches the peak at weeks 
22–24.30 It could also be due to poor personal hygiene since most 
pregnant women at this stage find it difficult to clean thoroughly. 
This was, however, inconsistent with the findings of Obirikorang 
et al.,24 which indicated highest prevalence occurring in the second 
trimester, whereas Boye et al.11 and Turpin et al.10 recorded high-
est prevalence in the first trimester in Ghana.

This study showed that the dipstick diagnostic test has higher 
sensitivity and specificity than the urine microscopy test, indicat-
ing that dipstick urinalysis was a better diagnostic method for ASB 

Table 2.  Overall prevalence of symptomatic bacteriuria based on micro-
bial culture and microscopy

Negative, n (%) Positive, n (%)

Microbial culture 340 (82.5) 72 (17.5)

Microscopy 341 (82.8) 71 (17.2)

Dipstick 338 (82.0) 74 (18.0)

Table 3.  Prevalence of symptomatic bacteriuria using various dipstick 
parameters

Negative, n (%) Positive, n (%)

Leukocytes 352 (85.4) 60 (14.6)

Nitrites 341 (82.8) 71 (17.2)

Proteins 400 (97.1) 12 (2.9)

Blood 404 (98.1) 8 (1.9)

Table 4.  Comparison between dipstick urinalysis and microscopy using 
bacteria culture as standard

Dipstick Microscopy

Positive Negative Positive Negative

Culture

Positive 71 1 54 18

Negative
3 337 17 323

74 338 71 341

Table 5.  Frequency of isolated bacteria species

Bacterial Species Frequency, n (%)

E. coli 45 (62.5)

Klebsiella pneumoniae 22 (30.6)

Enterococcus fecalis 1 (1.4)

Proteus mirabilis 4 (5.6)

Total 72
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than microscopy. This finding was consistent with an earlier study 
by Glissmeyer et al.31 Among the five parameters considered un-
der dipstick analysis, nitrite was the most sensitive and, therefore, 
could be the appropriate parameter for the dipstick diagnostic 
method. The nitrite test precisely predicted 71 out of the 72 posi-
tive cases, where all of the 71 cases represented enterobacteriaceae 
colonization. The nitrite test is based on the ability of the bacte-
ria to reduce nitrate to nitrite in the bladder urine.32 Reduction of 
nitrate to nitrite by bacteria is dependent on time, and a positive 
result requires a prolonged bladder incubation period of more than 
4 h for significant residual urine.33 The nitrite test was unable to 
predict the case of the Enterococcus colonization because the or-
ganism cannot reduce nitrate to nitrite, thereby accounting for the 
negative result.34 Both dipstick and microscopy had high NPV and 
PPVs in screening for possible ASB in pregnant women. However, 
the dipstick method had a higher sensitivity, specificity, PPV and 
NPV than microscopy. As such, the dipstick diagnostic method is 
apparently a better diagnostic method than microscopy. However, 
carrying out a urine culture as a confirmatory test is imperative for 
appropriate diagnosis.

This study has also demonstrated that E. coli is the dominant 
bacteria responsible for ASB in pregnant women, accounting for 
62.5% of the ASB cases. This was corroborated by earlier studies 
by Boye et al.11 and Turpin et al.10 in Ghana. The high prevalence 
of E. coli might be due to a number of virulence factors specific 
for colonization and invasion of the urinary epithelium, such as the 
P-fimbria and S-fimbria adhesions associated with E. coli.35 Addi-
tionally, this could be due to urinary stasis common in pregnancy, 
because most E. coli strains thrive well in this environment and, 
therefore, are capable of producing ASB.36 The second dominant 
bacteria K. pneumoniae accounted for 30.6% of the ASB cases. 
This was also consistent with the findings by Boye et al.11 These 
bacteria are, therefore, the major cause of ASB in pregnant women.

E. coli the most commonly isolated bacteria in this study and 
was highly susceptible to nitrofurantoin and nalidixic acid but 
demonstrated slight sensitivity to meropenem and a relatively low 
sensitivity to gentamicin and pipemidic acid. It was, however, re-
sistant to ampicillin, cefuroxime, tetracycline and cotrimoxazole; 
as such, these drugs would not be suitable for empirical treatment 
of ASB in these pregnant women. K. pneumoniae on the other 
hand was highly sensitive to nalidixic acid and nitrofurantoin. It 
also demonstrated 50% sensitivity to meropenem and was slightly 
sensitive to gentamicin and pipemidic acid. However, just as E. 
coli, it demonstrated resistance to ampicillin, cefuroxime, tetracy-
cline and cotrimoxazole. E. fecalis was sensitive to meropenem 
only. P. mirabilis demonstrated 50% susceptibility to nalidixic acid 
and meropenem, 25% sensitivity to cotrimoxazole and gentamicin, 
and was also resistant to ampicillin, cefuroxime, tetracycline, ni-
trofurantoin and pipemidic acid.

Evidently, the level of resistance against antimicrobial agents 
has increased over time.37,38 This corroborates earlier reports about 
the increasing resistance to potent antimicrobials by bacteria re-
sponsible for UTI and can be attributed many factors,14,39 which 
include improper use of antimicrobial agents. In view of this de-
velopment, antimicrobial sensitivity test is strongly recommended 
before a drug is prescribed to control this unpleasant occurrence. 
In situations where empirical treatment is unavoidable, potent anti-
microbial agents, such as nitrofurantoin and nalidixic acid, should 
be considered. This study, therefore, supports the use of nitrofuran-
toin and nalidixic acid for empirical treatment of ASB in pregnant 
women. Nitrofurantoin works by destroying the DNA of bacteria 
during a highly reactive state at its reduced form. Nitrofurantoin is 
reduced rapidly by flavoproteins found in the bacterial cell to many 
reactive intermediates that react with DNA, ribosomal proteins and 
other important macromolecules within the cells.40 Nalidixic acid 
is a synthetic quinolone that works by inhibiting replication of 

Table 6.  Susceptibility pattern of isolates to commonly used antimicrobial agents

Antibiotic Sensitivity E. coli, n (%) Klebsiella pneumoniae, n (%) Proteus mirabilis, n (%) Streptococcus fecalis, n (%)

Ampicillin Resistant 45 (100.0) 22 (100.0) 4 (100.0) 1 (100.0)

Sensitive 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Cefuroxime Resistant 45 (100.0) 22 (100.0) 4 (100.0) 1 (100.0)

Sensitive 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Cotrimoxazole Resistant 45 (100.0) 22 (100.0) 3 (75.0) 1 (100.0)

Sensitive 0 (0.0) 0 (0.0) 1 (25.0) 0 (0.0)

Gentamicin Resistant 38 (84.4) 18 (81.8) 3 (75.0) 1 (100.0)

Sensitive 7 (15.6) 4 (18.2) 1 (25.0) 0 (0.0)

Tetracyclin Resistant 45 (100.0) 22 (100.0) 4 (100.0) 1 (100.0)

Sensitive 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Nalidixic acid Resistant 19 (42.2) 6 (27.3) 2 (50.0) 1 (100.0)

Sensitive 26 (57.8) 16 (72.7) 2 (50.0) 0 (0.0)

Nitrofurantoin Resistant 11 (24.4) 8 (36.4) 4 (100.0) 1 (100.0)

Sensitive 34 (75.6) 14 (63.6) 0 (0.0) 0 (0.0)

Pipemidic acid Resistant 44 (97.8) 19 (86.4) 4 (100.0) 1 (100.0)

Sensitive 1 (2.2) 3 (13.6) 0 (0.0) 0 (0.0)

Meropenem Resistant 22 (57.9) 9 (50.0) 2 (50.0) 0 (0.0)

Sensitive 16 (42.1) 9 (50.0) 2 (50.0) 1 (100.0)
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DNA and transcription in the bacteria.41

Future research directions

The authors have an ongoing study that seeks to detect and char-
acterize genes responsible for extended-spectrum beta-lactamases 
in extended-spectrum beta-lactamases-producing Gram-negative 
bacteria implicated for ASB in pregnant women in Ghana. Extend-
ed-spectrum beta-lactamases are plasmid-encoded enzymes im-
plicated in resistance against beta-lactam antimicrobials, such as 
third-generation cephalosporins, and are associated with multiple-
drug resistance.42 The plasmids encoding the extended-spectrum 
beta-lactamases confer the antimicrobial resistance characteristic 
of the bacteria that harbors them. There is, therefore, the need 
for these studies because the bacteria isolates found in this study, 
which were mostly Gram-negative and belonging to the family 
Enterobacteriaceae, demonstrated high resistance to most of the 
commonly used antimicrobial agents. This follow-up study could 
provide the molecular basis for the ever-increasing resistance of 
bacteria against the hitherto potent antimicrobial agents.

Conclusions

In the study presented herein, the prevalence of ASB among preg-
nant women attending antenatal clinic was relatively high. It is, 
therefore, imperative to screen every pregnant woman that attends 
antenatal clinic in Ghana and other developing counties for ASB. 
This will help reduce the possible complications. The suitable di-
agnostic method for screening ASB should have high specificity 
and sensitivity, and produce the required results in a short space 
of time. The dipstick diagnostic method has proved to be more ef-
ficient than microscopy and, thus, recommended to be used for the 
screening of ASB among pregnant women in health centers with 
no facility for bacterial culture. Also, most of the isolates were 
relatively susceptible to nitrofurantoin and nalidixic acid and, 
therefore, are considered appropriate for empirical treatment of 
pregnant women diagnosed with ASB.
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