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Abstract: We evaluated the bacterial profiles and antibiotic sensitivities presenting in each trimester of pregnant
women diagnosed with lower urinary tract infection. Escherichia coli was the most common isolated uropathogen
(77.8%, 75%, and 52%, respectively), followed by Klebsiella pneumoniae (0%, 3.6%, and 16%, respectively), and
Enterococcus faecalis (3.7%, 14.3%, and 8%, respectively). Ciprofloxacin was found to have sensitivity for all uropat-
hogens, with 92.8% sensitivity for Escherichia coli and 100% for Klebsiella pneumoniae. Norfloxacin also exhibited
high sensitivity for almost all bacterial agents, except Acinetobacter baumannii, with 91.4% sensitivity for Escheri-
chia coli and 100% for Klebsiella pneumoniae. Phosphomycin had the highest sensitivity, 100%, for the two most
common uropathogens, Escherichia coli and Klebsiella pneumoniae. Because empirical antimicrobial choices play
a critical role in the prevention of unwanted complications, lower urinary tract infection in pregnancy can be treated
with empirically selected phosphomycin.
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Introduction

Urinary tract infection (UTI), which is diagnosed
when there is a bacterial count of 103/mL in a
quantitative urine culture, is one of the most
common bacterial infections in pregnancy [1-3].
While the overall incidence rate of UTI in preg-
nancy is approximately 8%, it has a wide range
in different parts of the world [4, 5]. UTI may be
symptomatic in the form of acute cystitis,
complicated, and result in pyelonephritis, or it
may remain asymptomatic [2].

Apart from several factors that increase the
incidence of UTI, such as poor socioeconomic
status, sickle cell trait, increased age, high
parity, diabetes mellitus, neurogenic bladder,
urinary tract abnormality, and increased sexual
activity, significant physiologic changes in preg-
nancy facilitate pathogenic colonization [6, 7].
These changes include urinary stasis and vesi-
coureteric reflux due to progesterone-induced
ureteral dilatation and pressure from the
expanding uterus, reduced immune function,
difficulty with hygiene due to a gravid abdomen,

and medical interventions such as urethral cat-
heterization [3, 4, 8, 9].

UTI, particularly when it remains untreated,
leads to significant maternal and fetal morbi-
dity, such as pyelonephritis, hypertension/pre-
eclampsia, preterm delivery, prematurity, low
birth weight, intrauterine growth restriction,
and sepsis, and even to fetal death [2, 4,
10-12].

Escherichia coli accounts for 80-90% of the
bacteria that cause urinary infection in preg-
nancy [5-11]. Other frequently cultured urop-
athogens include Proteus mirabilis, Klebsiella
pneumoniae, Staphylococcus aureus, and str-
eptococcus species [11, 13]. Because UTI can
lead to severe maternal and perinatal complica-
tions, empirical antibiotics are needed in cases
of acute infection while waiting for urine culture
and antibiotic sensitivity results. Therefore,
knowledge regarding the most frequent uropat-
hogens and antibiotic sensitivity patterns parti-
cular to each trimester are of great importance.
The aim of this study was to investigate the
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Table 1. Demographic features of the study group according to three

trimesters of the pregnancy

The study was approved
by the Committee for Me-

1st trimester (€13 2" trimester (14-27 3" trimester (28-41

dical Research Ethics at

Features = ceks) (n=27)  weeks) (n=28) weeks) (n=50) PV@U®  Ondokuz Mayis University
Age 26.8+5.6 30.0+4.7 27.545.1 0.052t (No: B.30.2.0DM.0.20.08/
Gravida 2(1-5) 3(1-7) 2 (1-6) 0.068% 1456).

Parity 1(0-4) 1(0-4) 1(0-3) 0.383%

1O0ne-Way ANOVA. tKruskal Wallis test.

bacterial profiles and antibiotic sensitivities
present in each trimester in pregnant women
diagnosed with lower urinary tract infection
(LUTI).

Materials and methods

The study included 105 pregnant patients who
attended Ondokuz Mayis University Hospital
between January 2012 and January 2013 with
symptoms suggestive of LUTI (urgency, frequ-
ency, dysuria, suprapubic pain) and diagnosed
with LUTI after evaluation of a midstream urine
culture. Patients who had used antibiotics wit-
hin the previous two weeks and patients with a
recent history of instrumentation were exclu-
ded. Demographic data features, including age,
gravidity, parity, gestational age at diagnosis,
trimester, identified uropathogens, and antibio-
tic sensitivity, were analyzed retrospectively.
Antibiotics were classified according to the
United States Food and Drug Administration
(FDA) pregnancy categories. In category B, eit-
her animal reproduction studies have not
demonstrated a fetal risk but there are no con-
trolled studies in pregnant women, or animal
reproduction studies have shown an adverse
effect (other than a decrease in fertility) that
was not confirmed in controlled studies in
women in the first trimester (and there is no evi-
dence of a risk in later trimesters). In category
C, either studies in animals have revealed
adverse effects on the fetus (teratogenic or
embryocidal or other) and there are no control-
led studies in women, or studies in women and
animals are not available; drugs should be
given only if the potential benefit justifies the
potential risk to the fetus. In category D, there
is positive evidence of human fetal risk, but the
benefits from use in pregnant women may be
acceptable despite the risk (e.g., if the drug is
needed in a life-threatening situation or for a
serious disease for which safer drugs cannot
be used or are ineffective) [14].
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Statistical analyses were
carried out using the SPSS
for Windows program, ver-
sion 11.5. The Kolmogorov-Smirnov test was
used to determine whether the distribution of
discrete numeric variables was close to a nor-
mal distribution. Definitive statistics were iden-
tified as discrete numeric variables, mean *
standard deviation, or median (minimum-maxi-
mum); nominal and ordinal variables were iden-
tified as case number and percentage (%).

Statistical significance between groups in
terms of mean value was determined using
one-way analysis of variance, and statistical
significance between groups in terms of medi-
an value was determined using the Kruskal-
Wallis test. Categorical variables were determi-
ned by Pearson’s Chi-Square test, Fisher’s
exact test, or probability ratio test. A p value
less than 0.05 was considered statistically
significant.

Results

In this study, we analyzed retrospectively 105
pregnant patients with confirmed LUTI in terms
of demographic features, isolated uropatho-
gens, and antibiotic sensitivity patterns in each
trimester. Table 1 showed the demographic
features of the study group. There were no dif-
ferences among trimesters in terms of age, gra-
vidity or parity (Table 1).

When causative agents of UTI were determined
in each of the three trimesters, Escherichia coli
was the most common isolated uropathogen
(77.8%, 75%, and 52%, respectively), followed
by Klebsiella pneumoniae (0%, 3.6%, and 16%,
respectively), and Enterococcus faecalis (3.7%,
14.3%, and 8%, respectively). Escherichia coli
was isolated significantly more frequently in the
first two trimesters when compared to the last
trimester (P=0.032) (Table 2).

There were no statistically significant differen-
ces among the trimesters in terms of overall
antibiotic sensitivity, with the exception of pipe-
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Table 2. Isolated uropathogens in three trimesters of the pregnancy

1t trimester

2 trimester

3" trimester

Isolated uropathogens (n=27) (n=28) (n=50) p-value
Acinetobacter baumannii 1(3.7) 0 (%0.0) 0 (%0.0) 0.254t
Citrobacter koseri 0 (0.0%) 0 (0.0%) 1 (2.0%) 0.4741
Enterobacter cloacae 1 (3.7%) 0 (0.0%) 0 (0.0%) 0.254t
Enterococcus faecalis 1(3.7%) 4 (14.3%) 4 (8.0%) 0.363t
Enterococcus hirae 0 (0.0%) 0 (0.0%) 1 (2.0%) 0.474t
Escherichia coli 1(77.8%)? 21 (75.0%)° 26 (52.0%)° 0.032%
Klebsiella oxytoca 0 (0.0%) 0 (0.0%) 1(2.0%) 0.474+%
Klebsiella pneumoniae 0 (0.0%)? 1 (3.6%) 8 (16.0%)? 0.012¢t
Coagulase negative staphylococci 0 (0.0%) 1(3.6%) 2 (4.0%) 0.402t
Proteus mirabilis 2 (7.4%) 0 (0.0%) 3 (6.0%) 0.197¢t
Proteus vulgaris 0 (0.0%) 0 (0.0%) 0 (0.0%) -

Staphylococcus aureus 0 (0.0%) 1 (3.6%) 2 (4.0%) 0.402t
Staphylococcus epidermidis 1(3.7%) 0 (0.0%) 1 (2.0%) 0.485t
Staphylococcus sciuri 0 (0.0%) 0 (0.0%) 1 (2.0%) 0.474t

TProbability ratio test. tPearson’s Chi-Square test. a: the difference between patients with <13 weeks of gestation and 28-41
weeks is significant (p<0.005); b: the difference between patients with 14-27 weeks of gestation and 28-41 weeks is signifi-

cant (p<0.005).

Table 3. Overall antibiotic (FDA pregnancy category B) sensitivity pattern in the three trimesters of

pregnancy

Antibiotics <13 weeks 14-27 weeks 28-41 weeks p-value
Amoxicillin/clavulanic acid 23/26 (88.5%) 25/32 (78.1%) 43/50 (86.0%) 0.505%
Ampicillin 14/25 (56.0%) 17/33 (51.5%) 31/54 (57.4%) 0.864%
Ampicillin/Sulbactam 1/1 (100.0%) - 0/1 (0.0%) 1.0009
Daptomycin 1/1 (100.0%) 4/4 (100.0%) 7/7 (100.0%) -
Erythromycin 0/1 (0.0%) 1/1 (100.0%) 2/7 (28.6%) 0.214%
Ertapenem 7/7 (100.0%) 17/17 (100.0%) 26/27 (96.3%) 0.525%
Phosphomycin 17/18 (94.4%) 25/26 (96.2%) 42/43 (97.7%) 0.819¢t
Clindamycin 1/1 (100.0%) 1/1 (100.0%) 5/7 (71.4%) 0.5601
Meropenem 27/27 (100.0%) 32/32 (100.0%) 52/53 (98.1%) 0.471¢t
Nitrofurantoin 23/27 (85.2%) 37/39 (94.9%) 55/63 (87.3%) 0.330%1
Oxacillin 1/1 (100.0%) 2/2 (100.0%) 3/7 (42.9%) 0.142%
Penicillin 1/2 (50.0%) 5/7 (71.4%) 6/13 (46.2%) 0.542%
Piperacillin 2/4 (50.0%) 2/3 (66.7%) 1/3 (33.3%) 0.712¢1
Piperacillin/Tazobactam 27/27 (100.0%)? 29/32 (90.6%) 45/53 (84.9%)? 0.030t
Cefazolin 20/26 (76.9%) 23/29 (79.3%) 43/52 (82.7%) 0.821¢t
Cefepime 26/27 (96.3%) 28/32 (87.5%) 50/53 (94.3%) 0.3841
Cefoxitin 24/25 (96.0%) 32/32 (100.0%) 48/50 (96.0%) 0.338%1
Cefotaxime 4/5 (80.0%) 11/11 (100.0%) 22/22 (100.0%) 0.120¢t
Ceftazidime 24/26 (92.3%) 28/30 (93.3%) 45/50 (90.0%) 0.861t
Ceftriaxone 23/26 (88.5%) 25/31 (80.6%) 44/50 (88.0%) 0.612t
Cefuroxime 21/25 (84.0%) 24/31 (77.4%) 43/49 (87.8%) 0.473%
Cefuroxime axetil 3/5 (60.0%) 6/8 (75.0%) 7/8 (87.5%) 0.523t
Cefuroxime sodium 2/2 (100.0%) - 1/1 (100.0%) 1.0009

tProbability ratio test. $Pearson’s Chi-Square test. JFisher’s exact test. a: the difference between the patients with <13 weeks
of gestation and 28-41 weeks is significant (p=0.046).
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Table 4. Overall antibiotic (FDA category C, D) sensitivity pattern in the three trimesters of pregnancy

Antibiotics <13 weeks 14-27 weeks 28-41 weeks p-value
High level Gentamicin 1/1 (100.0%) 5/5 (100.0%) 6/6 (100.0%)

Amikacin 27/27 (100.0%) 32/32 (100.0%) 52/53 (98.1%) 0.471¢t
Fusidic acid 1/1 (100.0%) 2/2 (100.0%) 1.0009
Gentamicin 25/27 (92.6%) 31/34 (91.2%) 55/60 (91.7%) 0.980%1
Imipenem 28/28 (100.0%) 32/32 (100.0%) 53/54 (98.1%) 0.471¢t
Chloramphenicol 5/5 (100.0%) 6/6 (100.0%) 19/19 (100.0%)

Colistin 3/3 (100.0%) 5/5 (100.0%) 8/8 (100.0%) -
Levofloxacin 7/9 (77.8%) 10/10 (100.0%) 21/22 (95.5%) 0.150¢t
Linezolid 2/2 (100.0%) 7/7 (100.0%) 13/13 (100.0%) -
Moxifloxacin 1/1 (100.0%) 2/2 (100.0%) 1.0009
Norfloxacin 23/26 (88.5%) 35/39 (89.7%) 59/63 (93.7%) 0.6601
Rifampisin 1/1 (100.0%) 2/2 (100.0%) 7/7 (100.0%) -
Ciprofloxacin 25/27 (92.6%) 35/39 (89.7%) 62/66 (93.9%) 0.742t
Teicoplanin 2/2 (100.0%) 7/7 (100.0%) 13/13 (100.0%) -
Tetracycline 1/3 (33.3%) 2/7 (28.6%) 8/14 (57.1%) 0.409t
Tigecycline 2/2 (100.0%) 2/3 (66.7%) 1.0009
Trimethoprim/Sulfamethoxazole 19/28 (67.9%) 24/33 (72.7%) 48/61 (78.7%) 0.530%
Vancomycin 2/2 (100.0%) 7/7 (100.0%) 13/13 (100.0%)

High level Streptomycine 4/4 (100.0%) 4/6 (66.7%) 0.4679

TProbability ratio test. $Pearson’s Chi-Square test. JFisher’s exact test.

racillin/tazobactam, which was found to have
significantly lower sensitivity in the last trimes-
ter. The sensitivity of tetracycline was lower
than 50% in the first and second trimesters,
and erythromycin had lower sensitivity in the
third trimester; almost all other antibiotics had
sensitivities close to 100% in each trimester.
The antibiotics were shown in Tables 3 and 4.

When the antibiotic sensitivity patterns of the
isolated uropathogens were identified, Esch-
erichia coli, the most common isolated agent,
showed 100% sensitivity to amikacin, phosp-
homycin, imipenem, chloramphenicol, colistin,
meropenem, cefoxitin, cefoperazone/sulbac-
tam, and cefuroxime sodium. Klebsiella pneu-
moniae, the second most common causative
agent of UTI, showed 100% sensitivity to most
of the antibiotics, including amikacin, phosp-
homycin, ertapenem, gentamicin, imipenem,
chloramphenicol, colistin, meropenem, levof-
loxacin, norfloxacin, ciprofloxacin, cefotaxime,
cefoperazone/sulbactam, cefuroxime axetil,
and trimethoprim/sulfamethoxazole.

Ciprofloxacin was found to have sensitivity for

all uropathogens, with 92.8% sensitivity for
Escherichia coli and 100% for Klebsiella pneu-
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moniae. Norfloxacin also exhibited high sensiti-
vity for almost all bacterial agents, except
Acinetobacter baumannii, with 91.4% sensiti-
vity for Escherichia coli and 100% for Klebsiella
pneumoniae. Phosphomycin had the highest
sensitivity, 100%, for the two most common
uropathogens, Escherichia coli and Klebsiella
pneumonia (Table 5).

Discussion

It has long been known that UTI in pregnancy,
even if asymptomatic, is associated with signifi-
cant maternal and fetal morbidity and morta-
lity. Therefore, it is essential to treat it urgently
and effectively. Empirical antimicrobial therapy
should be administered, then reviewed and
changed if necessary following antimicrobial
sensitivity testing. However, some factors affe-
cting the bacterial profile and therapy, as well
as factors such as socioeconomic status and
gestational age at infection, have been identifi-
ed in previous studies [15-17].

Identifying the most common causative agents
for a population contributes to the accuracy of
treatment. For instance, the percentage of E.
coli was found to be 50.8% which is less than
previous findings in studies done in developed

Int J Clin Exp Med 2016;9(6):12039-12045
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Table 5. Antibiotic sensitivity pattern of detected uropathogens

Amoxicillin/cla- Ampicillin - Ampicillin/ Daptomycin  Erythro- Ertape- Phospho- Imipenem Clindamycin Merope- Nitrofu-  Oxacillin

vulanic acid sulbactam mycin nem mycin nem rantoin

Acinetobacter baumannii - - 50.0 - - - - 50.0 - 50.0 - -
Citrobacter koseri 100.0 0.0 - - = - B 100.0 - 100.0 100.0 -
Enterobacter cloacae 0.0 0.0 - - = - 0.0 100.0 - 100.0 100.0 -
Enterococcus faecalis - 100.0 - 100.0 100.0 - 875 100.0 0.0 - 91.0 -
Enterococcus hirae - - - - - - - - - - 100.0 -
Escherichia coli 89.0 60.5 - - - 97.8 100.0 100.0 - 100.0 95.2 -
Klebsiella oxytoca 100.0 0.0 - - - - 100.0 100.0 - 100.0 100.0 -
Klebsiella pneumoniae 60.0 0.0 - - - 100.0 100.0 100.0 - 100.0 86.7 -
Coagulase negative staphylococcus - - - 100.0 0.0 - - - 100.0 - 100.0 50.0
Proteus mirabilis 85.7 71.4 - - - - 0.0 100.0 - 100.0 14.3 -
Proteus vulgaris 100.0 100.0 - - - - - 100.0 - 100.0 0.0 -
Staphylococcus aureus - - - 100.0 100.0 - - - 100.0 - 100.0 66.7
Staphylococcus epidermidis - - - 100.0 0.0 - 100.0 100.0 50.0 - 100.0 100.0
Staphylococcus sciuri - - - - 0.0 - 100.0 100.0 100.0 - - 0.0

Penicillin  Piperacillin g’;i;aacgltlg;/] Cefazolin fegie;e CethXi' Ceéi?;;::;;e/ Cefotaxime Ceftazidime Ceftriaxone Cefuroxime Cef:;z;ilm © Cf;;?:imme
Acinetobacter baumannii - 50.0 50.0 - 50.0 - 50.0 - 50.0 - -
Citrobacter koseri - 0.0 0.0 100.0 100.0 100.0 - 100.0 - 100.0 100.0
Enterobacter cloacae - - 100.0 100.0 100.0 0.0 - - - 100.0 100.0
Enterococcus faecalis 91.0 - - - - - - - - - -
Enterococcus hirae 100.0 - - - - - - - - - -
Escherichia coli - 66.7 92.9 82.7 94.0 100.0 100.0 96.6 92.6 86.6 85.0 73.7 100.0
Klebsiella oxytoca - - 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0
Klebsiella pneumoniae - 0.0 86.7 60.0 86.7 86.7 100.0 100.0 85.7 71.4 64.3 100.0
Coagulase negative staphylococcus 25.0 - - - - - - - - - -
Proteus mirabilis - - 85.7 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0
Proteus vulgaris - - 100.0 0.0 100.0 100.0 - - 100.0 100.0 100.0
Staphylococcus aureus 0.0 - - - - - - - - - -
Staphylococcus epidermidis 0.0 - - - - - - - - - -
Staphylococcus sciuri 0.0 - - - - - - - - - -
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countries. However, it was higher than recent
findings in developing countries like Lafia
(30.56%), northern Nigeria, Benin (38%), sout-
hern Nigeria, lle-Ife (42.2%), southwest Nigeria,
llorin (47.5%) and southwest Nigeria, Addis
Ababa (44%) [15]. In the present study, Esch-
erichia coli was the most common isolated uro-
pathogen, followed by Klebsiella pneumoniae
and Enterococcus, in pregnant patients with
LUTI symptoms at our university hospital, which
is a reference center in the Black Sea Region of
Turkey.

While gestational age has been identified as
another important factor affecting bacterial
profile and antimicrobial sensitivity, it has not
been the topic of much interest in previous stu-
dies [16]. Because each trimester of pregnancy
has its own physiological features, including
alterations in urinary system functions, hormo-
ne levels, and bacterial colonization, it is impor-
tant to determine the most common uropatho-
gens in each trimester. Escherichia coli and
Klebsiella spp. were reported as prominent
causative bacterial agents isolated from the
urine cultures of pregnant patients in Afyon,
western Turkey, in each trimester [16]. However,
we found Escherichia coli to be the most com-
mon bacterial agent in the first and second tri-
mesters, and Klebsiella pneumoniae to be the
predominant agent in the last trimester in preg-
nant patients living in Samsun, northern Turkey.

Prompt empirical treatment is essential in preg-
nant patients with symptomatic UTI to prevent
serious complications and to provide relief; the-
refore, antimicrobial sensitivity needs to be
determined in order to administer the appropri-
ate treatment afterwards. Previous studies
have reported that cephalosporins, quinolones,
and phosphomycin are effective against the
causative agents in pregnant patients with
symptomatic UTI [15-17]. Consistent with those
studies, we found ciprofloxacin (92.8% sensiti-
vity for Escherichia coli and 100% for Klebsiella
pneumoniae) and norfloxacin (91.4% sensitivity
for Escherichia coli and 100% for Klebsiella
pneumoniae) to exhibit high sensitivity for
almost all bacterial agents. Phosphomycin
displayed the highest sensitivity (100%) for the
two most common uropathogens, Escherichia
coli and Klebsiella pneumoniae.

It must be noted that when we evaluated the
antibiotics according to FDA pregnancy cate-
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gory, because ciprofloxacin and norfloxacin are
classified as group C, phosphomycin, which is
classified as group B, seemed to be safer for
first-line treatment. Furthermore, when we an-
alyzed the antimicrobial agents by trimester,
phosphomycin seemed to be highly effective
for treatment in each trimester, as were ciprof-
loxacin and norfloxacin. In other words, LUTI in
pregnancy can be treated with empirically sele-
cted phosphomycin.
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