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ABSTRACT
Background: The prevalence of asymptomatic
bacteriuria (ASB) during pregnancy is poorly
understood in Egypt—a country with a high birth rate.
Objectives: To determine the prevalence of ASB
among pregnant women booking at El Hussein and
Sayed Galal Hospitals in Al-Azhar University in Egypt;
and to observe the relationship between ASB
prevalence and risk factors such as socioeconomic
level and personal hygiene.
Setting: Obstetrics and gynaecology clinics of 2
university hospitals in the capital of Egypt. Both
hospitals are teaching and referral hospitals receiving
referrals from across over the country. They operate
specialist antenatal clinics 6 days per week.
Participants: A cross-sectional study combining the
use of questionnaires and laboratory analysis was
conducted in 171 pregnant women with no signs or
symptoms of urinary tract infection (1 case was
excluded). Samples of clean catch midstream urine
were collected and cultured using quantitative urine
culture and antibiotic sensitivity tests were
performed.
Results: Of 171 pregnant women, 1 case was
excluded; 17 cases (10%, 95% CI 5.93% to 15.53%)
were positive for ASB. There was a statistically
significant relation between the direction of washing
genitals and sexual activity per week—and ASB.
Escherichia coli was the most commonly isolated
bacteria followed by Klebsiella. Nitrofurantoin showed
100% sensitivity, while 88% of the isolates were
resistant to cephalexin.
Conclusions: The prevalence of ASB seen in
pregnant women in 2 tertiary hospitals in Egypt was
10%. E. coli and Klebsiella are the common
organisms isolated. The direction of washing genitals
and sexual activity significantly influences the risk of
ASB. Pregnant women should be screened early for
ASB during pregnancy; appropriate treatment should
be given for positive cases according to antibiotic
sensitivity screening. Cephalexin is likely to be of
limited use in this management.

INTRODUCTION
Urinary tract infection (UTI) is one of the
most common infections during pregnancy,
affecting up to 20% of expectant mothers.1 2

It is defined as microbial contamination of
the urine as well as tissue invasion of any
part of the urinary tract.3 UTI does not
always cause signs and symptoms; if asymp-
tomatic but the urine still contains a signifi-
cant number of ≥105 colony-forming units
(CFU)/mL of bacteria, this condition is
termed asymptomatic bacteriuria (ASB).4

ASB during pregnancy is influenced by a
range of physiological and anatomical
factors, including mechanical compression
and changes in the immune and renal
systems.5 In addition, there are a range of
risk factors that predispose expectant
mothers to developing ASB including age,
gestational stage, parity, sexual activities and
other factors as summarised in the online
supplementary appendix table S1.6–8

Strengths and limitations of this study

▪ This study holds implications for clinical provi-
ders and policymakers in Egypt regarding
screening and prevention of asymptomatic bac-
teriuria (ASB).

▪ This study provides the first insights into the
prevalence of ASB among pregnant women in
Egypt; and outlines causative organisms, risk
factors and appropriate antimicrobial therapy.

▪ Negatives of this study include:
▪ Positive cases with ASB were not followed-up to

determine their adverse outcomes.
▪ We were unable to track patients through

follow-up urine specimen testing to determine
efficacy of antimicrobial treatment.

▪ With greater study duration, more patients would
be enrolled strengthening the power of the study.
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The prevalence of ASB ranges from 2% to 11%
during pregnancy;5 9–11 Escherichia coli is found in 70–
90% of isolates that cause ASB.12 13 Other bacteria
involved include Klebsiella, Proteus, Pseudomonas and
Staphylococcus Saprophyticus.13 14 Most of these pathogens
exist naturally in the periurethral area and in the peri-
anal area—and their ascension through the urethral
orifice can lead to UTI.12 15 Quantitative urine culture is
the gold standard for diagnosis of ASB—the optimal
time for screening is the 16th gestational week.16 If ASB
is left undiagnosed, there is a risk of developing acute
pyelonephritis, seen in up to 40% of pregnant
women.6 13 17 Pyelonephritis is associated with preterm
labour,12 which is one of the main contributors to neo-
natal mortality and morbidity worldwide.
Early diagnosis and treatment of ASB can drastically

reduce the incidence of pyelonephritis,18 and prevent
preterm labour by up to 20%.4 However, in developing
countries, including Egypt, screening for ASB in preg-
nancy is not viewed as an essential component of ante-
natal care; and as a result, there is little understanding
of the prevalence of ASB. This is particularly important
given Egypt’s high birth rate of 23.35 births/1000 popu-
lation—nearly double that seen in Western Europe or
the USA.19 Accordingly, this study—conducted in two
teaching and referral hospitals in Egypt—sought to
determine the prevalence of ASB during pregnancy,
identify the causative organisms and antibiotic sensitivity,
and establish the relationship between ASB and
common risk factors; with the aim of making recom-
mendations to improve obstetric practice in Egypt and
other middle-income countries.

METHODOLOGY
Study design
The study was a cross-sectional study combining the use of
questionnaires and laboratory analysis of samples obtained
from participants (questionnaire survey used is included
in the online supplementary appendix figure S1) between
January and February 2016 at the obstetrics and gynaecol-
ogy clinics of El Hussein and Sayed Galal Hospitals of
Al-Azhar University in Cairo Governorate which is the
capital of Egypt. Both hospitals are teaching and referral
hospitals receiving patients from across the country.

Study procedures
Pregnant females were interviewed using precoded, pre-
tested, interviewer-administered questionnaires to collect
and record maternal social demographic characteristics.
Laboratory forms were used to record data and results
after sample analysis.

Selection criteria
The full study inclusion criteria are included in the online
supplementary appendix figure S2. Briefly, pregnant
women aged 18–41 years attending the antenatal clinic
sites of this study were invited to enrol. Exclusion criteria

included a history of UTI or recent use of antibiotics.
Participants were asked to provide blood and urine sample
for further testing as described below. We had excess of
10% participant recruitment to meet the expected non-
response or loss of questionnaires, giving a minimum
sample size of 121 cases. The sample size was increased to
171 cases to maximise the validity of the study and improve
the data quality measures.20 Further details are included
in the online supplementary appendix figure S3.

Data management/analysis
Data were entered into a secured personal computer
using Microsoft Excel software and analysed using Epi
Info V.7.2 computer software. Frequency distribution of
selected variables was performed first. Means were com-
pared using the t-test and χ2 test was used to assess the
difference between proportions. A p value <0.05 was
considered statistically significant.

Ethical consideration
Agreement for this study was obtained from the hospi-
tal’s ethical committee, and informed consent was
obtained from pregnant women after adequate provision
of information regarding the study requirements,
purpose and risks. Further details are included in the
online supplementary appendix figure S4.

LABORATORY INVESTIGATIONS
Blood samples
From each participant, 5 mL of blood sample was col-
lected; 2 mL in EDTA-containing tube and tested for
complete blood count (CBC) using an automated CBC
analyser (Sysmex KX-21N) and the remaining 3 mL of
blood was collected in a plain tube, left to coagulate and
then centrifuged. The serum was kept in an Eppendorf
tube at 0°C for further tests; blood glucose levels were
measured using a Hitachi modular analyser (Roche
cobas 8000) and rapid HIV test was performed using
ELISA (IMMULITE 2000).

Urine samples
Urine collection and macroscopy
Participants were taught how to collect midstream urine
in a sterile universal bottle. The sample processing was
carried out within 4 hours of specimen collection. Urine
samples were examined macroscopically by observing
the colour, aspect, deposit and blood clots or debris.
Each sample was divided into three portions: micro-
scopic analysis, culture and chemical analysis to avoid
contamination of the samples.
About 5 mL of each well-mixed urine sample was cen-

trifuged at 3000 rpm for 10 min. A drop of properly
mixed sediment was placed on a glass slide and exam-
ined under light microscope to detect pus cells (indicat-
ing ingested bacteria), Trichomonas vaginalis, Schistosoma
ova, white cell count, red blood cells, casts, crystals and
yeast-like cells. The presence of 10 pus cells/mm3 or
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more was regarded as pyuria.21 Drops of the urine were
applied to microscope slides, allowed to air dry, stained
with Gram stain, and examined microscopically
(primary Gram staining). Quality control was per-
formed.22 The supernatant of the centrifuged urine was
tested using Combi screen 10 urinalysis strips, with the
existence of nitrite and leucocyte esterase in the urine
being suggestive of infection.23 24

Culturing of bacteria from urine samples
A sterile disposable calibrated loop delivering 0.01 mL
of urine was used for streaking cystine lactose electrolyte
deficient (CLED) agar plates following standard proced-
ure.25 Specimens were also streaked on the blood agar
plate and MacConkey agar plate and then incubated at
37°C for 24 hours. After 24 hours, the CLED agar plates
were observed for confluent growth, which shows signifi-
cant bacteriuria, and if not confluent, the colonies were
counted then multiplied by the size of the inoculums of
the calibrated loop, which is 1/100. Significant ASB was
considered when the bacterial value was ≥105. For cul-
tures with no or insignificant bacterial growths, incuba-
tion was continued for a further 24 hours. After a
description of colonies, Gram staining was performed

from pure colonies. Biochemical tests were performed
from the pure colonies for identification. The antibio-
gram determination was performed using pure colonies
from the CLED agar plates.

Sensitivity tests
Organisms showing significant bacteriuria were inoculated
into peptone water before plating on Mueller-Hinton agar.
Commercially organised antimicrobial discs of known
minimum inhibitory concentrations (MICs) were placed
over the surface of the sensitivity agar and pressed down
with sterile forceps to make enough contact with the agar.
The plates were incubated at 37°C for 24 hours and the
zones of growth inhibition were estimated.26 The anti-
microbial sensitivity discs used were: amoxycillin-
clavulanate, imipenem, ceftazidime, ceftriaxone, cefotax-
ime, cefuroxime, cefaclor, norfloxacin, ciprofloxacin, nitro-
furantoin, amikacin and sulfamethoxazole-trimethoprim.

RESULTS
A total of 171 pregnant women were examined for ASB;
1 case was excluded (microscopic urine analysis reported
pus cells more than 10 cells/high-power field (HPF)).
Hence, 170 pregnant women were included in this

Table 1 Demographic characteristics of pregnant women included in this study

Characteristics Frequency Positive culture (N) Percentage p Value

Age (years)

<20 2 0 0

20–30 114 12 11 0.29
>30 54 5 9

Gestational age

First trimester 14 0 0

Second trimester 27 5 19 0.86
Third trimester 129 12 9

Parity

Grand multipara 12 0 0

Multiparous 119 13 11

Primigravida 39 4 10 0.11
Educational level

College 19 1 6

Elementary 15 1 7

Graduate 32 3 9 0.69
High school 80 10 13

Junior school 24 2 8

Socioeconomic level

High 14 0 0

Intermediate 52 3 6 0.08
Low 104 14 13

Direction of wash genitals

Back to front 102 15 15

Front to back 68 2 3 0.03
Number of bathing and changing underwear (week)

1–3 times 119 12 10

>3 times 51 5 10 0.69
Number of sexual intercourse (week)

1–2 times 92 6 7

>2 times 78 11 14 0.01
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study. Table 1 describes the demographic characteristics
of the participants and their ASB results. The mean age
of patients was 28.52±5.36 years ranging from 18 to
41 years. Among the participants, 75% were in their
third trimester, 70% were multiparous; regarding their
educational status—47% had completed high school;
61% were in a ‘low’ socioeconomic level based on
(Kuppuswamy’s Socio-economic Status (SES) Scale for
2016) online tool.27

Of the 170 pregnant women tested, 17 cases were posi-
tive for significant bacteriuria (CFU≥105/mL), giving an
overall prevalence of 10% (95% CI 5.93% to 15.53%;
figure 1A). E. coli was the most predominant organism fol-
lowed by Klebsiella; no other isolated organisms showed
significant growth (figure 1B). On microscopic examin-
ation of positive cases, 10 (59%) had pus cells (<10)/
HPF, 5 cases (29%) had red blood cells, 1 case (6%) had
epithelial cells and 1 case (6%) had crystals (figure 1C).

Figure 1 Urine culture and

microscopic urinalysis. Proportion

(%) of pregnant women with ASB

in the study (A); proportions of

causative uropathogens isolated

from positive cases (B);

microscopic analysis of bacterially

positive urine cases (C). ASB,

asymptomatic bacteriuria; E. coli,

Escherichia coli; RBC, red blood

cell.
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We then examined the sensitivity of these to antibio-
tics. Overall, nitrofurantoin, imipenem and amikacin
demonstrated 100% sensitivity (figure 2). A range of
other antibiotics showed good sensitivity including nor-
floxacin and ceftazidime; however, 88% of the urinary
isolates were resistant to cephalexin (figure 2).
Investigating whether there were isolate-specific differ-
ences in antimicrobial susceptibility, we found that only
E. coli demonstrated resistance across the range of anti-
biotics tested (table 2). However, of note, cephalexin
showed poor efficacy across both bacteria.
Regarding the relationship between ASB and the range

of demographic and personal hygiene risk factors exam-
ined in this study, ASB was predominant in participants
with higher sexual activity: 78 (65%) participants

reported their sexual activity as greater than twice per
week, and 11 of the 17 ASB cases were seen in this cohort
(p=0.01). ASB was also significantly higher among partici-
pants who reported washing their genitals from back to
front after defaecation (88%, p=0.03; table 1). There
were no statistically significant differences between ASB
and age, gestational age, parity, educational level, socio-
economic level or haemoglobin concentration (table 1).
No HIV+ cases were identified in this study.

DISCUSSION
In the present study, the prevalence of ASB during preg-
nancy was found to be 10% (95% CI 5.93% to 15.53%).
The prevalence in this study is comparable to that
reported in Nigeria,14 but lower than studies from
Ethiopia.28–31 These discrepancies between and within
countries may be due to differences in the study partici-
pants’ socioeconomic levels, and cultural7 and religious
behaviours related to personal hygiene and sexual
contact.
ASB had a significant relationship with sexual activity

as seen in other studies.32 33 Sexual intercourse may
increase the probability of transfer of uropathogens into
the urethra; and as reported elsewhere, ASB had a sig-
nificant relationship with the direction of washing geni-
tals after urination or defaecation.34 Washing of genitals
from back to front is more likely to lead to the spread of
anal or vaginal flora into the urethra. Education on the
direction of washing and advice to micturate shortly
after sexual activity can reduce the prevalence of UTI.35

However, there was no statistically significant associ-
ation between parity, maternal age, socioeconomic class,
educational level or gestational age and ASB (p>0.05).
This is most probably because of the small sample size.
Multiparous women had the highest frequency of ASB,
similar to findings in another study.36 This is believed to
be because high parity leads to the descent of pelvic
organs, and a widening of the urethral orifice, which

Figure 2 The proportion (%) of sensitivity/resistance susceptibility of isolated bacteria to different antibiotics using discs’

diffusion method; commercially purchased antimicrobial discs of known MICs were placed aseptically over the surface of the

sensitivity agar. The plates were incubated for 24 hours, and the zones of growth inhibition were estimated. MIC, minimum

inhibitory concentration.

Table 2 Susceptibility of isolated uropathogens to

different antibiotics using discs’ diffusion method

Organism
sensitivity N (%)
Antibiotic

E. coli
sensitive N (%)

Klebsiella
sensitive N (%)

AUG 3 (25%) 5 (100%)

CAZ 9 (75%) 5 (100%)

CRO 9 (75%) 5 (100%)

CTX 5 (41.7%) 5 (100%)

CXM 5 (41.7%) 3 (60%)

F 12 (100%) 5 (100%)

NOR 9 (75%) 5 (100%)

CIP 9 (75%) 5 (100%)

AK 12 (100%) 5 (100%)

SXT 9 (75%) 5 (100%)

IPM 12 (100%) 5 (100%)

CL 2 (16.7%) 0 (0%)

Positive cases=17; E. coli=12 cases; Klebsiella=5 cases.
AUG, amoxycillin-clavulanate; AK, amikacin; CAZ, ceftazidime;
CIP, ciprofloxacin; CL, cefaclor; CRO, ceftriaxone; CTX,
cefotaxime; CXM, cefuroxime; E. coli, Escherichia coli;
F, nitrofurantoin; IPM, imipenem; NOR, norfloxacin; SXT,
sulfamethoxazole-trimethoprim.
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influences the ascent of microbes.37–39 ASB appears pre-
dominant in women aged between 20 and 30 years,
which is similar to findings from other studies.40 41 The
vulnerability of these age groups could be explained by
early and intensive sexual intercourse which may cause
minor urethral trauma and transfer bacteria from the
perineum into the bladder.42

Accurate diagnosis of causative organisms is critical to
the appropriate selection and completion of an anti-
biotic course. In this study, E. coli and Klebsiella were
causative, with E. coli dominant in most cases, as
reported previously.40 41 43 Choice of antibiotics must
also consider potential side effects; while all isolates
were sensitive to nitrofurantoin, there have been con-
cerns over its potential impacts on the fetus.12 Of
concern for clinicians, 88% of E. coli and Klebsiella iso-
lates in this study were resistant to cephalexin. The anti-
microbial sensitivity and resistance patterns vary between
communities and hospitals. This is likely because of the
emergence of resistant strains, caused in part by
inappropriate antibiotic prescription. Today, antimicro-
bial resistance is recognised as a looming international
health crisis;44 and as such is now a global health prior-
ity. Certain regions are already experiencing high levels
of bacterial resistance rates to common frontline antibio-
tics such as amoxicillin or ampicillin.13 Accordingly, a
range of guidelines has been established for the screen-
ing and diagnosis of ASB, including from the UK’s
National Institute for Health and Care Excellence
(NICE) and the Center for Disease Control and
Prevention (CDC) in the USA.45 46

Early and regular check-ups by medical providers are
vital in assessing the physical status and early recognition of
complications during pregnancy. Yet, the provision of
regular antenatal care is still low in Egypt, especially in
rural areas. Antenatal care coverage for at least one visit is
74% and antenatal care coverage for at least four visits is
66%; 69% of pregnant women are examined by routine
urine analysis only.47 48 These findings, combined with the
prevalence of ASB found in this study betray an antenatal
care system in need of improvement. This is all the more
urgent given the high fertility rate in Egypt, on average 3.5
children per woman compared with 1.83 in the UK.49

The implications of this study for clinical providers
and policymakers in Egypt are threefold. First, physicians
must be educated on the importance of screening and
prevention of ASB, and informed of the latest antimicro-
bial resistance data in their country or region. Second,
pregnant women must be educated on personal hygiene
and ASB to ensure they recognise the implications for
their health and their children; and third, policymakers
must recognise the cost-benefits of diagnosis of ASB
early before it progresses to other more serious diseases
such as pyelonephritis and preterm labour.

Recommendations
Screening for ASB must become an essential part of
antenatal care. We recommend periodic screening at

each trimester especially at 9–17 gestational weeks by
quantitative urine culture.
Selection of the appropriate antibiotic based on anti-

biotic sensitivity testing of uropathogens (control resistant
strains in the future). It is important to remember that
therapy must be safe for mother and fetus; the practice
should be guided by bacterial sensitivity/resistance profiles.
Nitrofurantoin is recommended to be used for

patients in the first and second trimesters, as it is cheap,
showed 100% sensitivity and is reported safe and effica-
cious in the treatment of ASB during pregnancy;
however, concerns exist for its use in the third trimester.
This antibiotic could replace cephalosporins (if isolates
show sensitivity to it).50–52

CONCLUSION
The prevalence of ASB seen in pregnant women in two
tertiary hospitals in Egypt was 10%. E. coli was the domin-
ant organism isolated. The direction of washing genitals
and sexual activity significantly influences the risk of ASB.
Quantitative urine culture is the ideal test for detection of
ASB. Nitrofurantoin is the most efficient antimicrobial for
the treatment of ASB. Early detection and treatment are
essential to safeguard the health of mother and fetus.
Further larger studies could provide cost-benefit data9 53 54

necessary to inform a national screening programme.
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