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Abstract

Pregnant women are at high risk of urinary tract infections (UTIs). There is growing concern about
the rise of Enterobacteriaceae that are resistant to drugs, including, more recently, those that
produce carbapenemase. The study aimed to perform molecular detection and antibiograms of
Enterobacteriaceae that produce carbapenemase in pregnant women with UTIs. Using clinical
specimens taken from the general hospital in Qurrayat, Saudi Arabia, we identified 83 isolates of
Enterobacteriaceae. Microscan WalkAway Plus and Phoenix automated analyzers were used to carry
out bacterial isolation using standard microbiological procedures. DNA sequencing was employed
to identify the carbapenemase bla genes, while phenotypic techniques and PCR were employed to
characterize bacterial strains. The carbapenemase bla gene was detected among the 30 members
of the Enterobacteriaceae. Of these 30, bla gene variants were found in 13 isolates (41%) bIaOXA_B;
11 (35%) bla,,,, ; 10 (32%) bla, ., ; 7 (22%) bla, ,; 4 (12%) bla,,,, and 3 (9%) bla, .. A statistically
non-significant relationship between the bla, . and Klebsiella pneumoniae (p = 0.33) was seen,
and the correlation between the bla,  , variants was not significantly associated with Pseudomonas
aeruginosa (p = 0.5) and Escherichia coli (p = 0. 14). Antibiotic resistance was extremely common, as
evidenced by the minimum inhibitory concentrations (MICs) in vitro of carbapenemase-producing
Enterobacteriaceae against a number of antibiotic groups. These bacterial strains exhibited minimal
resistance to amikacin (14; 46.6%) and were not resistant to two aminoglycosides, namely Ertapenem
(30; 100%) and Meropenem (30; 100%). Our investigation shows that many Enterobacteriaceae that
produce carbapenemases are a serious risk for pregnant women and others in the community. As a
result, alternatives for therapy are limited to the aminoglycosides Ertapenem and Meropenem.
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INTRODUCTION

The most prevalent illnesses among
pregnant women are urinary tract infections
(UTIs). Common forms of UTI are upper or lower
tract infections (acute pyelonephritis or acute
cystitis, respectively).! Due to changes in the
immunological and urinary systems, women
are more susceptible to urinary tract infections
during pregnancy. Both ureteral pressure from
the gravid uterus and progesterone-related
smooth muscle relaxation cause the ureter and
renal calyces to expand. These are physiological
changes to the urinary system, and urinary tract
infections become more common as a result. The
signs of a symptomatic UTI include haematuria,
fever, suprapubic pain, urgency, increased urine
frequency, and flank pain.? Cystitis is defined as a
positive urine culture accompanied by lower UTI
symptoms in the absence of systemic symptoms.?
In contrast, women with high-burden bacterial
growth who do not exhibit UTI symptoms
are diagnosed with asymptomatic bacteriuria
(ASB). Maternal and neonatal morbidity and
mortality are significantly increased by pregnancy-
related UTls.* Preterm labour, hypertensive
disorders of pregnancy, such as pregnancy-
induced hypertension and preeclampsia, anaemia
(haematocrit level less than 30%), and amnionitis
are among the maternal problems associated with
UTls.> Two neonatal complications associated with
UTIs are sepsis and pneumonia; more precisely,
group B streptococcus infection is the cause of
both conditions. Low birth weight newborns (less
than 2,500 g) and stillbirths are also more common
in babies born to mothers with UTls.®”

Pregnant women are susceptible to UTls
caused by the same bacteria that affect non-
pregnant women. Eighty-nine percent of infections
are caused by Escherichia coli. Additional microbes
include Staphylococcus saprophyticus, Group B
Streptococcus (GBS), Proteus mirabilis, Klebsiella
pneumoniae (K. pneumoniae) and rare organisms
such Ureaplasma ureolyticum, Gardnerella
vaginalis, and Enterococci.® When treating
UTls in clinical settings, empirical principles are
followed until a urinalysis determines the specific
organism.*

Earlier, the synthesis of enzymes such as
penicillinases, cephalosporinases, and extended-

spectrum lactamases was the primary cause of
MDR among Enterobacteriaceae (ESBL).'* More
recently, it has been clear that the production
of carbapenemase plays a significant role
in the emergence of drug resistance in the
Enterobacteriaceae family. Due to their high levels
of antibiotic resistance, carbapenemase-producing
Enterobacteriaceae (CPE) are challenging to
treat since they may degrade all -lactam drugs,
including carbapenems, rendering them useless.*
As an additional choice, carbapenem antibiotics,
including imipenem, meropenem, ertapenem, and
doripenem have been suggested when treating
Enterobacteriaceae that cause ESBLs.*3*

Currently, both K. pneumoniae and
E. coli are the main sources of carbapenem-
resistant genes, which increase the risk of
UTls caused by MDRE. Pregnant women are
particularly at risk from these strains due to their
high fatality rate and potential for widespread
transmission.'® Treatment options for infections
are limited, in some cases absent, and have been
associated with fatality rates as high as 50%.
Hospitals in close proximity frequently have
issues with Enterobacteriaceae that produce
carbapenemase due to patient transfers within
the healthcare system.®'” One of the main
current reasons for concern is the prevalence of
Enterobacteriaceae that generate carbapenemase,
which is mainly detected in pregnant women.®
Both in community- and healthcare-associated
infections, the etiology of UTls and the antibiotic
resistance of uropathogens have progressed
in recent years. Since Enterobacteriaceae are
the primary cause of UTls and have multiple
methods to destabilize currently available
antibiotics, including carbapenems, the isolation
of this bacterial group is essential for optimal
management.’® Furthermore, the situation of
Qurayyat has not yet been evaluated. Therefore,
this study was intended to investigate whether
uropathogens in pregnant women with UTIs lead
to the development of carbapenemase.

MATERIALS AND METHODS

Specimen collection and study design

Pregnant women attending the outpatient
departments (OPDs) at Qurayyat General Hospital
in Qurayyat, Saudi Arabia, as well as those on the
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campus of AL Jouf University, served as the source
of the study population. The patient’s current
age, the age at which they became pregnant,
and the symptoms and indicators of UTI were
recorded. Eligibility for the study depended on
the treating physicians' assessment of the clinical
manifestations of urinary tract infections. Before
collecting samples, those who were pregnant
women received thorough instructions on how
to collect urine samples aseptically to prevent
urethral contamination.?® Samples from the
midstream were collected, labelled, transported
to the laboratory, and processed for aerobic
bacterial culture within one hour. The samples
were refrigerated if they were scheduled to be
delayed and processed within 4 hours.

Isolation and identification of Enterobacteriaceae

Urine specimens were directly inoculated
onto Cystine-Lactose-Electrolyte-Deficient Agar
(CLED) agar, and the petri-dishes were then
incubated for 24 hours at 37°C. The culture
was deemed positive if it contained more
than 10> CFU/mL. Enterobacteriaceae were
identified from positive urine cultures using
standard procedures based on their distinctive
appearance on the medium, their Gram staining
reaction, and their pattern of metabolic profiles.
Enterobacteriaceae isolates were identified by
biochemical examination, including oxidase,
urease, citrate consumption, indole formation,
sugar fermentation, and the generation of H2S
and gas.”?

Susceptibility and carbapenemase testing

The Kirby Bauer disk diffusion method
was used to assess antibiotic susceptibility
using Mueller Hinton agar in accordance with
the guidelines established by the Clinical and
Laboratory Standards Institute.?> Employing
the automated analyzers system (Phoenix
and Microscan WalkAway Plus), the minimum
inhibitory concentration (MIC) in vitro of various
antibiotics was determined in phenotypically
confirmed MBL-producing Enterobacteriaceae.
The bacterial strains were classified as resistant,
sensitive, and with intermediate sensitivity using
the MIC breakpoints detailed in the Clinical
and Laboratory Standards Institute manual.®

All isolates with MDRE (resistance to two or
more classes of antibiotics), were collected and
subcultured onto CHROM agar to measure
the synthesis of carbapenemase following
antimicrobial susceptibility testing. Colonies
exhibiting typical colouring properties were
recorded to evaluate carbapenemase-producing
isolates following a 24-hour overnight incubation
period. Other strains of Enterobacteriaceae
generated metallic blue colonies, whereas E. coli
that produced carbapenemase showed dark pink
to reddish colony characteristics.>* The colonies
of carbapenemase-producing organisms that
produced a metallic blue colour were subsequently
identified using various standard biochemical
tests.

Molecular analysis of carbapenemase-the
producing gene variants

The boiling method was employed
to isolate DNA template from bacteria.”®> We
employed several colonies of bacteria obtained
from an overnight culture of Enterobacteriaceae
grown on nutritional agar, combined with 200 pl
TE buffer, vortexed, and heated for ten minutes in
a water bath. The samples were then centrifuged
at 14,000 rpm for five minutes to remove any
remaining cellular pieces from the suspension. The
clear supernatant was kept as a source of DNA at
-70°C. Using 0.5 uM forward and reverse primers,
we used PCR to amplify the target gene (815 bp).

Data analysis

For data analysis, we utilized Chi-square
test, GraphPad Prism 6 and IBM Corp.'s SPSS v.
24. P-values below 0.05 in Fisher’s exact test were
considered significant.

RESULTS

Demographics of pregnant females with urinary
tract infections

Atotal of 115 urine samples from pregnant
women with potential UTIs were collected, and
carbapenemase-producing uropathogens were
identified. The characteristics and medical aspects
of each participant are shown in Table 1. From
115 urine samples, 83 showed no growth while
32 was positive. Eighty-three bacterial strains
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Table 1. Demographics of the pregnant females with urinary tract infections (n = 81)

Age Carbapenemase % Non-carbapenemase % p-value
producers (n = 30) producers (n =51)

Age distribution

18 -20 1 3.3 6 11.8 0.19

21-25 7 233 12 235 0.98

26-30 10 333 20 39.2 0.59

31-35 11 36.7 10 19.6 0.09

36-40 1 3.3 3 5.9 0.6

Pregnancy trimester

1st trimester 5 16.7 16 31.4 0.16

2nd trimester 6 20.0 20 39.2 0.08

3rd trimester 19 63.3 15 29.4 0.004

Fisher’s exact test

Table 2. Distribution of carbapenemase and no-carbapenemase producers isolated in urinary tract infections

from pregnant females (n = 81)

Bacterial isolate Carbapenemase Non-carbapenemase % p-value
producers (n = 30) producers (n = 51)
E. coli 7 23.3 20 39.2 0.14
Klebsiella pneumoniae 10 33.3 12 23.5 0.33
Pseudomonas aeruginosa 7 23.3 9 17.6 0.5
Proteus mirabilis 3 10.0 5 9.8 0.97
Enterobacter cloacae 2 6.7 3 5.9 0.88
Acinetobacter baumannii 1 2 3.9 0.89

Fisher’s exact test

were isolated from the 32 positive specimens
in which two were gram-positive bacteria that
were excluded from the study. In addition, 30
bacterial isolates tested positive for producing
carbapenemase, whereas the remaining 51 did
not. The demographic and clinical information
from the pregnant females with urinary tract
infections showed a significant correlation
between carbapenemase production and age,
with the age range of 31-35 years (Mean 35.5,
Std Deviation-2.73) being the most important
(11/30; 36.7%) whereas isolates that did not
generate carbapenemase were associated with
a patient age of 26-30 years (20/51; 39.2%). The
majority of the isolates (30; 37.0%) that produced
carbapenemase were obtained during the third
semester of pregnancy (19/30; 63.3%), followed
by the second trimester (6/30; 20.0%), and the first
semester (5/30; 16.7%) respectively. However, the
second trimester yielded the greatest number of

noncarbapenemase-producing organisms (20/50;
39.2%), with the first trimester producing 16
(16/50; 31.4%) and the third trimester producing
15 (15/50; 29.9%). The distribution of organisms,
obtained from urinary tract-infected pregnant
women, that produced carbapenemase and those
that did not is shown in Table 2.

A urinary tract infection was found in
32 out of 115 (27.8%) of the culture-positive
cases. Two types of bacteria were isolated:
Gram-positive (2/115) and Gram-negative rods
81/115 (70.4%). The research studies included
only Gram-negative bacteria and were classified
into two groups as carbapenemase producers and
non-carbapenemase producers. Thirty (37.0%)
of the 81 isolates of Gram-negative rods tested
positive for producing carbapenemase, while 51
(115/63%) were not carbapenemase producers.
Klebsiella pneumoniae (10/30, 33.3%), Escherichia.
coli (30/7, 23.3%), Pseudomonas aeruginosa
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(7/30, 23.3%), Proteus mirabilis (3/30 10/0%), and
Acinetobacter baumannii (1/30, 33%) were the
isolates of bacteria that produced carbapenemase,
while Escherichia coli (20/51, 39.2%), Klebsiella
pneumoniae (12/51, 23.5%), Pseudomonas
aeruginosa (12/51, 7.6%), Proteus mirabilis (9.8%),
Enterobacter (3/51 5.9%), and Acinetobacter
(2/51, 3%) were non carbapenemase producers.

Molecular detection of carbapenemase-
producing gene variants

A total of 30 isolates that tested positive
for producing carbapenemase were included in
the molecular analysis. The results showed that
48 variants had the bla gene; 13 had bla 11
contained bla, , ; 10 had bla, ;7 bla 4
bla, ;3 bla,, . and 7 had bla bla
bla,, ., bla,,. ;5 bla,. ., bla
bla,,, .and2hadbla, ., bla, , bla,, . werethe
isolates that co-existed with carbapenase bla gene
variants. Figure 1 (a and b) show the distribution
of carbapenemase bla gene variants overall and
as a proportion among isolates that produce

carbapenemase.
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Antimicrobial resistance of carbapenemase
producers isolated from pregnant females with
urinary tract infections

Based on minimum inhibitory
concentrations (MICs) in vitro, all of the isolates of
Enterobacteriaceae that produced carbapenemase
were 100% resistant to Ertapenem, Imipenem, and
Meropenem. With reference to other antibiotics,
they showed varying minimum inhibitory
concentrations. The drugs that showed the highest
level of resistance were co-amoxiclav (8;80%),
cefepime (8;80%), cefixime (8;80%), cefotaxime
(8;80%), ceftazidime (8;80%), ceftriaxone (8;80%),
and cefuroxime (8;80%). Escherichia coli and
Klebsiella pneumoniae had the highest resistance.
The bacteria that revealed the least amount
of antibiotic resistance were Pseudomonas
aeruginosa, Proteus mirabilis, Enterobacter
cloacae and Acinetobacter baumanii. The species
of bacteriaillustrated in Table 3 shows the pattern
of antimicrobial activity Urinary tract infections
are the most common illness during pregnancy
and can have serious effects if left untreated.
Thirty bacterial isolates of the 83 strains in our
investigation tested positive for carbapenemase
production, while 51 were non-carbapenemase
producers.

g

50

No. and % of carbapenemase genes

Figure 1. Molecular detection of carbapenemase gene variants. (a) Overall number and percentage of carbapenemase
bla gene variants among the carbapenamase producing isolates. (b) The co-existence (number and percentage) of
carbapenemase bla gene variants among the carbapenemase-producing isolates
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Table 3. Antimicrobial resistance of carbapenemase producers isolated from urinary tract infections from pregnant

females (n = 30)

Antibiotic Klebsiella Escherichia Pseudomonas Proteus Enterobacter Acinetobacter
pneumoniae coli aeruginosa mirabilis cloacae baumannii
n=10 n=7 n=7 n=3 n=2 n=1
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Amikacin 5 (50) 2 (28.6) (57.1) 1(33.3) 1(50) 1(100)
Co-amoxiclav 8 (80) 4(57.1) 6 (85.7) 2 (66.7) 2 (100) 1(100)
Cefepime 8 (80) 5(71.4) 6 (85.7) 3 (100) 2 (100) 1(100)
Cefixime 8 (80) 5(71.4) 6 (85.7) 3 (100) 2 (100) 1(100)
Cefotaxime 8 (80) 5(71.4) 5(71.4) 3 (100) 2 (100) 1(100)
Ceftazidime 8 (80) 5(71.4) 4(57.1) 3 (100) 2 (100) 1(100)
Ceftriaxone 8 (80) 5(71.4) 6 (85.7) 3 (100) 2 (100) 1(100)
Cefuroxime 8 (80) 5(71.4) 6 (85.7) 3 (100) 2 (100) 1(100)
Ciprofloxacin 6 (60) 5(71.4) 5(71.4) 3 (100) 1(50) 1(100)
Colistin 2 (20) 0(0) 1(14.3) 3 (100) 0 (0) 1(100)
Co-trimoxazole 7 (70) 4(57.1) (85.7) 2 (66.7) 2 (100) 1(100)
Ertapenem 10 (100) 7 (100) 7 (100) 3 (100) 2 (100) 1(100)
Gentamicin 8 (80) 2 (28.6) (71.4) 2 (66.7) 2 (100) 1(100)
Imipenem 10 (100) 7 (100) 7 (100) 3 (100) 2 (100) 1(100)
Levofloxacin 5 (50) 2 (28.6) (71.4) 1(33.3) 1(50) 1(100)
Meropenem 10 (100) 7 (100) 7 (100) 3 (100) 2 (100) 1(100)
Moxifloxacin 6 (60) 2 (28.6) (85.7) 2 (66.7) 1(50) 1(100)
Nitrofurantoin 2 (20) 0(0) (28.6) 0(0) 2 (100) 0(0)
Norfloxacin 6 (60) 2 (28.6) (71.4) 3 (100) 1(50) 1(100)
Piperacillin-tazobactam 3 (30) 0(0) (57.1) 0(0) 0(0) 0(0)

DISCUSSION

Antibiotic resistance is a growing concern
in modern times, especially with regard to gram-
negative bacteria that produce carbapenemase.
With an increased frequency of bacteria that
produce carbapenemase in pregnant women,
one of the most significant problems that they
face is that the majority of these bacteria are
detected during the third trimester. Here, we
discuss the bacteria that produce carbapenemase.
Worldwide, the prevalence of bacteria that produce
carbapenemase varies by country. According to
one study, South America had a greater prevalence
of carbapenemase among Klebsiella pneumoniae
cases (44%) than Asia, Europe, and North America
(7.5-22.4%).?° Research from Uganda and India
showed that 57.2% and 62%, respectively, of the
population produced carbapenemase. Patients
from wards that could provide an explanation
for the similarities were included in these
investigations. The implementation of programs
aimed at detecting Gram-negative bacteria that

generate carbapenemase is imperative in light of
the current unsolved situation.?”

In our investigation, the majority of
isolates that produced carbapenemase were
Klebsiella pneumoniae (10; 33.3%) and Escherichia
coli (7; 23.3%) 28. Since Klebsiella is the most
common organism that causes UTIs in pregnant
women, the higher percentage of Klebsiella
producing carbapenemase in this investigation
related to previous studies was most likely because
our patients were pregnant. It should be noted
that all uropathogens isolated from pregnant
women, both those that produced carbapenemase
and those that did not, were completely resistant
to Imipenem, Ertapenem, and Meropenen.
Imipenem has been identified in previous
investigations as the recommended medication
for complex bacterial infections including UTls.
This antibiotic works against a broad range of
infections, including gram negative bacteria.

Although resistance to colistin and
piperacillin-tazobactam has been shown to be
infrequent, resistance to nitrofurantoin may
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be caused by mutations in the DNA gyrase.?®
Co-amoxiclav is still the preferred medication
for treating bacterial strains that produce
carbapenemase regardless of their toxicity.?
According to the findings for colistin in our
investigation, reports of sensitivity to colistin
vary by region, ranging from 89% to 100%. It has
been noted that bacteria with the carbapenemase
bla gene exhibit resistance to a number of
antibiotic classes, including aminoglycosides and
carbapenems.?® A significant number of strains
that are intermediately sensitive and a few isolates
that are sensitive to one of the carbapenems
were also seen. Higher MICs against Imipenem
or Ertapenem are not always associated with
the carbapenemase bla gene.?! The presence of
blaNDM-1 causes cefoxitin to hydrolyze, leading
to bacterial resistance. This indicates that an
extra resistance gene has been acquired by the
population, resulting in an extended resistance
phenotype.?? The prolonged drug resistance of
blaNDM strains is predominantly caused by the co-
existence of extended-spectrum beta-lactamases
and AmpC, which increases the range of antibiotic
resistance against norfloxacin and other classes
of antibiotics.?® It is recommended to closely
track hospitals to prevent multidrug resistance,
since this can become an endless cycle if further
resistance genes are acquired. Many risk factors,
including age, gender, sexual activity, pregnancy,
contraception, instrumentation, urinary tract
blockage, and a history of antibiotic use, can affect
the progress of UTls. According to our research,
pregnant women who are in the third trimester
are particularly at risk of infection with bacteria
that produce carbapenemase.

CONCLUSION

Our research showed that pregnant
women infected with bacteria that produce
carbapenemase had a significant prevalence
of asymptomatic bacteriuria. Pregnant women
should be extremely concerned about their health
because a large number of Enterobacteriaceae
that produce carbapenemase have been identified
throughout our study. These organisms can cause
serious illness or even death. The effectiveness of
colistin and other extended-spectrum medications

is at risk due to an increased co-existence of the bla
gene variant with other resistance mechanisms.
By implementing more stringent infection control
protocols, screening techniques, and timely
identification of these bacteria, the endemicity of
such resistant pathogens can be decreased.
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