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Abstract

A study in the Neonatal Department of Maternity Hospital in HCM, Vietnam, in 2019 reported that the
prevalence of Carbapenemase-producing Enterobacteriaceae (CPE) was 42.20% (n = 83). However, risk
factors of CPE colonization and transmission were still an unsolved question. Hence, we implemented
this study. A prospective study was conducted from April to July 2020 at the Childbirth Ward of Hung
Vuong Hospital, where 359 pairs of mothers and their neonates participated in our research. We
applied laboratory methods to confirm CPE colonization and its antibiotic resistance, including rectal
swab tests, chromo-carba plates, MALDI-TOF method, antibiograms, and rep-PCR method. The 23.0
version of SPSS was a software to analyze personal characteristics, prevalence, and risk factors for CPE
colonization. Adjusted odds ratio and 95% confidence interval were considered significant at P < 0.05.
The results showed that the prevalence of CP E. coli transmission between mothers and neonates
was 0.28% (1/359), confirmed by the rep-PCR method. The characteristics that reduced the CPE-
colonization risks in mothers were the mother’s age (19-23 years old), vaginal delivery, mothers caring
for neonates, skin-to-skin contact time, and breastfeeding. However, the risk factors that increased
the CPE colonization in neonates were the NICU admission before fecal sampling and the number of
vaginal examinations performed on mothers before delivery. Although the prevalence of mother-to-
neonate CPE transmission was low, screening for CPE colonization at hospital admission, adhering to
hand hygiene, and implementing aseptic medical practices are crucial standards for preventing and
controlling CPE colonization in the healthcare sector.

Keywords: CPE, Neonates, Mothers, Risk Factors, Mother-to-Neonate CPE Transmission

INTRODUCTION

The third-generation cephalosporins,
in the early 1980s, were the best choice against
lactamase-producing bacteria. However, their
effectiveness was reduced by plasmid-encoded
lactamases, as shown in the first report in
1983.' From 1989 to 2004, extended-spectrum
B-lactamases (ESBLs) spread in Europe, North
America, South and Central America, Africa, the
Middle East, Australia, and Asia.? In early 1990,
IMP carbapenemases, called the first plasmid-
mediated transferable carbapenemases, emerged
in Japan.?® Continuously, carbapenem-resistant
Enterobacteriaceae (CRE) or carbapenemase-
producing Enterobacteriaceae (CPE) existed
in many countries worldwide, including high-
income countries,** and, secondly, in lower and
middle-income countries.® All spreading drug-
resistant clones detected in carriers are in the
commensal microflora.” CRE colonization is most
often in the gastrointestinal tract of carriers.®2 A
recent systematic review reported 1,806 patients
colonized with CRE at the time of admission. It
implied that CRE existed in the community, and
this study also found that 299 (16.5%) acquired
the clinical infection during hospital stay.®

In 49 Asian countries that participated
in the CRE study, three countries reported the
highest resistance rates to imipenem: Indonesia
(5.8%), Vietnam (3.0%), and the Philippines
(3.7%).° A study of “Prevalence and risk factors
of carbapenemase-producing organisms in a
Neonatal Department of Maternity Hospital in
the South of Vietnam” from January to March
2019, with 83 neonates chosen randomly, showed
the prevalence of CPO was 42.20% (P470).%* The
questions are whether CPO may be transmitted
from mothers to neonates in Hung Vuong hospital,
and what are the risk factors of CPO colonization
in mothers and their neonates? It is the reason we
conducted this study.

MATERIALS AND METHODS

Method
Definition of carbapenemase-producing bacteria
Carbapenemase-producing
Enterobacteriaceae (CPE) are microorganisms
belonging to the group of Enterobacteriaceae
that are unsusceptible to carbapenems through
producing a carbapenemase enzyme.?? It is
usually, but not always, through the production
of carbapenemase.
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CRE are Enterobacteriaceae resistant to
any carbapenem antimicrobial whose minimum
inhibitory concentrations are =24 mcg/ml for
doripenem, meropenem, or imipenem, or =2 mcg/
ml for ertapenem; or documented to produce
carbapenemase (CPE).2 Clinically, CRE are screened
with MELAB Chromogenic CARBA and then

3,600 pregnant women admitted to the Delivery
Department every month. It means the number of
neonates born here was approximately 3600 for
one month. Mothers admitted into the Delivery
Department were chosen randomly in our study.
The children of these mothers were subjects
invited to participate in our research. The sample

size of mothers can be calculated with the Yamane
formula® as follows:

confirmed with the rapid BD Phoenix system.

Design and data collection
Study design

This prospective cohort study was
conducted from April to July 2020 at Hung Vuong
Hospital, specifically in the Delivery Department,
where we collected fecal samples from mothers
approximately 24 hours after admission to the
hospital. Additionally, we also collected neonate
fecal samples in the Post-Delivery or Neonatal
Department of neonates. The length of time for the
fecal sample collection in neonates was about 24
to 48 hours after delivery. There are approximately

3,600
1+Ne?

3,600 :
= =360 1
1+3,600.(0.05)2

and the sample size for neonates was also 360

Where: n = the sample size, N = the
population size, e = the acceptable sampling error
(95% confidence level and P = 0.05 are assumed).

Conceptual Framework and Flow Diagram
of the study is shown in Figure 1.

Mothers Neonates
(1) (4) Postpartum ward or
Delivery ward » Neonates (3) ————————————— (5) Post-operative

or (6) Neonatal ward
v (7)
Neonatal's Data Collection

l(z)

Mother' Data Collection J ‘

1. Demographic Characteristics 1. Demographic Characteristics

Chronic diseases
Previous HS

Age (years) — — | Delivery_ M
AB use BF SP M cared N
Previous HA Step 1. Rectal swabs (SC) Gent_age (Ws)

Step 2. Chromo-carba
plates (CPE_S)

N of Rel CN, SCC time
BF. Adm in NICU Bef FS

Previous SO v Lot in Del to FS in NICU (hours)

\ 4

2. Procedure Characteristics “—’ Dependent variable a N of T of VE bef FS
IV catheter placement CPE colonization Sex, BW (gr)

UC placement
N of Vaginal exams Step 4. Re_PCR (CPE_TC) PIV catheter placement

OA care Step 3. Maldi tof (CPE_C) Ventilator for neonates

LI performance Tube feeding

AB theraphy — b | Umbilical vein catheterization

Figure 1. Conceptual Framework and Process of Conducting the study of Prevalence and risk factors of CPE in
mothers and neonates and transmission of carbapenemase producing organisms in Women Hospital

ABU: Antibiotic use, AB: Antibiotic, Adm in NICU Bef FS: Admission in NICU before fecal sampling, BF: Breast
feeding, BW (gr): Birth Weight (gr), CPEC: CPE confirmation, CPES: CPE screening, CPE_TC: CPE transmission,
confirmation, Del M: Delivery method, GA (Ws): Gestational age (Ws), HA: Hospital admission, HS: Hospital stay,
LI: Labor induction, LoT fr Del to FSin NICU (hrs.): Length of time from delivery to fecal sampling in NICU (hours),
MCN: Mother cared Neonates, N: Number, N of Rel CN: Number of Relatives cared Neonates, N of T of VE Bef FS:
Number of times of Vaginal examination before fecal sampling, OA: Obstetric Analgesia, PIV: Peripheral intravenous
catheter, SC: Sample collection, Sex, SO: Surgical operation, SP: Study participation, SSC time: Skin to skin contact
time. UC: Urinary catheters
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Inclusion criteria

All mothers who were admitted and
delivered their babies at the Delivery department
in Hung Vuong Hospital from April to July 2020
were subjects in this study.

Exclusion criteria

If mothers did not wish to participate
in this study, they and their babies would not be
the subjects in this study, and neonates had an
abnormal anus or did not have an anus.

One neonate did not continue
participating in our study because this neonate
was transferred to the Children’s Hospital on the
first day after birth to be treated by a neonatal
specialist. Hence, the number of mothers and
neonates participating in our study was 359 for
each group.

Material
Data collection

We collected the study data from the
medical records,
a. Independent variables collected for mothers
included characteristics: (a) demographics
such as age (years), prior antibiotic treatment,
prior hospital admission, chronic disease, prior
hospital stay, prior surgical intervention®?s;
and (b) procedures performed on mothers,*’
such as peripheral intravenous catheter and
urinary catheter use;
Independent variables collected for neonates
included characteristics: (a) demographics®*®
such as sex, gestational age (weeks), age
(days), birth weight (kgs), length of stay
(days), prior exposure to antibiotics, Cesarean
section/Vaginal delivery; and procedure
characteristics performed on neonates,**®
such as invasive device: peripheral intravenous
catheter, Mechanical ventilation,>*® feeding
tube and umbilical vein catheterization use.
The dependent variable was CPE for mothers

b.

C.

and neonates.

Conceptual Framework and Flow Diagram of
Study
Microbiology methods

Tools to screen and detect CPE include:
First, we utilized the rectal swabs (Nantong
Renon Laboratory Equipment Co., Ltd., No. 128,
Xiaohai Road, Sanhe Town, Haimen, Jiangsu) to
collect the fecal samples. Then, we transported
these samples to the Lab Unit of OUCRU, Oxford
University Clinical Research Unit, in HCM City, to
screen CPE by ChromID carba plates produced
with the selective medium called Chromagar (29
Av. George Sand, 93210 Saint-Denis, France). Next,
we used the MALDI TOF method (Bruker Daltonics
GmbH & Co. KG, Fahrenheitstralle 428359 Bremen,
Germany) for species identification of colonies
on blood agar. At the end of step one, we use
antimicrobial susceptibility testing to confirm the
antibiotic resistance of the species.

In step two, we determine the association
between mothers and their children by first
displaying the genome patterns of mothers and
neonates with the rep-PCR DNA fingerprinting
technique (CD Genomics, SUITE 111, 17 Ramsey
Road, Shirley, NY 11967, USA). Secondly, we
perform whole-genome sequencing to investigate
this association, if possible.

Statistical analysis

23.0 version of SPSS software was a tool
used to analyze data. Descriptive statistics analyzes
characteristics associated with demographics,
procedures performed on mothers and neonates,
and the prevalence of CPE. Multivariate logistic
regression analyzes the risk factors related to CPE
and non-CPE status, and the adjusted odds ratio
with a 95% confidence interval was considered
significant. The level of statistical significance was
P <0.05.

Rep-PCR review

Lane 4: Negative control

Lane 3: E. coli 25922

Lane 2: CP E. coli from Mother sample (116B)
Lane 1: CP E. coli from Neonate sample (116B)
L: DNA Ladder 1 kb plus, Invitrogen

Figure 2. Comparison of CPE of mother and neonates based on result of rep-PCR
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2(0.56)

Ent. cloacae
Ent. kobei

1(0.28)
1(0.28)
1(0.28)

K. pneumoniae
Ent. cloacae

E. coli

1(0.28)

2 (0.56)

K. pneumoniae
Non-CPE

Total

346 (96.38)
359 (100)

Non-CPE

Total

355 (98.88)
359 (100)

Non-CPE

338 (94.15)
359 (100)

RESULTS

Prevalence of CPE colonization in mothers and
neonates

The study result showed twenty-one
mothers colonized by CPE, including nineteen E.
coliand two K. pneumoniae, in whom four mothers
colonized by two CPE included three mothers
colonized by E. coli and (K. pneumoniae or Ent.
cloacae), and one colonized by K. pneumoniae and
E. coli. Hence, the prevalence of CPE colonization
in mothers and neonates was 5.85% (21/359), and
3.62% (13/359, respectively, as shown in Table 1,
while carbapenem-producing K. pneumoniae (KPC)
appeared in neonates.

CPE transmission between mothers and neonates

Our study findings showed that the CPE of
a child was the same as that of a mother, a 32-year-
old teacher, who was admitted to the Maternity
Hospital approximately 86 hours before study
participation, and the Delivery department for 6
hours before collecting feces by rectal swab. This
32-year-old mother had no risk of CPE colonization
before our study participation, including the length
of stay in hospital, the past year, antibiotic use,
and nosocomial infections due to CPE or non-CPE
before participating in this study. This mother
gave birth vaginally and breastfed her 37 week-
gestational age and 2350 gram-weight male baby,
who spent skin-to-skin contact with her mother for
two hours, did not take antibiotics before taking
fecal sampling, was not admitted to the Neonatal
Department, and was taken care of by his mother
and father.

Based on the method of rep-PCR, we
confirmed that the CPE of the mother was identical
to that of her neonate, as shown in Figure 2. It
means that the mother transmitted CP. E. coli
to her child. Hence, the prevalence of CP E. coli
transmission between a mother and her child was
0.28 (1/359) (Table 1).

Risk factors of CPE colonization in mothers
Univariate binary logistic regression of risk factors
of CPE colonization in mothers

Our study research also showed that the
total doses of antibiotics consumed by mothers
before fecal sample collection were risk factors
for CPE colonization, compared with mothers
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who did not consume antibiotics. For example,
the groups of mothers with total antibiotic doses
less than two or more than three doses had the
risk of CPE colonization more than 7 or 5 times
compared with the group of mothers not using
antibiotics, with P = 0.023, OR = 7.022, 95% Cl:
1.306-37.755, and P = 0.007, OR = 5.267, 95% Cl:
1.568-17.695, respectively. The length of time
from labor induction to sample collection, from 36
to 48 hours, and over 48 hours, was a risk factor
associated with CPE colonization more than 18 and
12 times, compared with the group of mothers
with the length of time from labor induction to
sample collection less than 24 hours, as described
in Table 2, with P = 0.042, OR = 18.444, 95% ClI:
1.108-307.005 and P = 0.008, OR = 12.296, 95%
Cl: 1.932-78.280, respectively. The length of time
from labor induction to sample collection was over
48 hours, which meant mothers spent more than
48 hours in the hospital.

Multivariate binary logistic regression of risk
factors of CPE colonization in mothers

When analyzing the multivariate binary
logistic regression of risk factors associated with
CPE colonization in mothers, we determined
that the total antibiotic dose from 1 to 2 doses,
consumed by mothers before sample collection
was a principal risk factor of CPE colonization, and
the group of mothers consuming the antibiotic
doses from 1 to 2 doses before sample collection,
was colonized by CPE colonization with more than
5.3 times, with P = 0.025, OR = 5.336, 95% Cl:
1.230-23.153, compared with the rest group of
mothers (Table 3).

Univariate binary logistic regression of risk factors
of CPE colonization in neonates

By the univariate binary logistic regression
of risk factors of CPE colonization in the neonates
at the Post Delivery Department of Maternity, we
detected that the vaginal delivery, mother caring
for her neonate, and the interaction of these two
factors, one positive factor, reduced the risks of
CPE colonization in neonates, with P = 0.014, OR
= 0.240, 95% CI: 0.077-0.752, in the Cell 1; P =
0.001, O0R=0.148,95% Cl: 0.047-0.464, in the Cell
2;and P=0.022, OR=0.056, 95% Cl: 0.005-0.657,
in the Cell 2* of the Table 4, respectively. The other

beneficial factors reducing the CPE colonization
in neonates included neonates’ gestational age
(weeks), with P=0.046, OR =0.309, 95% CI: 0.097
-0.979, in The Cell 3 of Table 4, and especially, the
number of relatives cared neonates less than two
relatives, with P =0.000, OR =0.020, 95% CI: 0.003-
0.134, in the Cell 4 of Table 4. One advantageous
factor associated with decreasing the risk of CPE
colonization was the skin-to-skin contact time
between mothers and neonates for two hours,
with P = 0.002, OR = 0.151, 95% Cl: 0.046-0.492,
in the Cell 5 of Table 4 and mothers breastfeeding
their neonates prevented and reduced CPE
colonization in her neonates, with P = 0.007, OR
=0.183,95% Cl: 0.053-0.634, In the Cell 6 of Table
4.

Along with positive factors in our study,
we also found negative features associated
with CPE colonization in neonates. For instance,
neonates admitted to the NICU before fecal
sampling had a risk of CPE colonization compared
with neonates not admitted to the NICU, with P
= 0.000, OR = 21.524, 95% Cl: 5.332-86.888, as
shown in Cell 7 of Table 4.

In addition, we recognized the lengths of
time from delivery to fecal sampling in NICU from
17-36.00 hours, and over 36.00 hours were the
risk factors of CPE colonization, compared with the
group of neonates collected with fecal samples at
the beginning of NICU admission, with P = 0.001,
OR=25.111,95%Cl: 3.727-169.190, and P =0.002,
OR =18.833,95% Cl: 3.046-116.456, respectively,
as shown in Cell 8 of Table 4.

Finally, vaginal examination before fecal
sampling was a risk factor for CPE colonization
when the number of vaginal examinations was
from 6 to 10 times compared to that from 1to 5
times, with P =0.016, OR=12.571, 95% Cl: 1.601
-98.737, as shown in Cell 9 of Table 4.

Multivariate binary logistic regression of risk
factors of CPE colonization in neonates

The result of multivariate binary logistic
regression of risk factors of CPE colonization
in neonates showed the number of vaginal
examination times before fecal sampling from
6-10 times was the principal risk factor of CPE
colonization, which influenced all other risk
factors detected in mothers that had vaginal birth,
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Table 7. Characteristics associated between labor
induction in mothers and the length of time from labor
induction to sample collection over 36 hours

Characteristics Freq. Percent
1. Total of antibiotic doses

no dose 1 14.3
<2 doses 5 71.4
>3 doses 1 14.3
2. Prevalence of CPE

Non-CPE 4 57.1
CPE 3 42.9

3. Length of time from labor induction to sample
collection

>36-48 hrs 2

>48 hrs 5

4. Association between 2 and 3

Length of time from labor induction to sample

28.6
71.4

collection Freq of CPE
>36-48 hrs 1 100
>48 hrs 2 100
5. Association between 1 and 2

Antibiotic use Freq of CPE

Yes (<2 or 23 doses) 3 100
6. Length of time of Hospital stay Before Sample
collection

>48 hrs 7 100

compared with that of from 1-5 times, with P =
0.041, OR = 14.487, 95% Cl: 1.115-188.237, as
shown in the Characteristic 9 of Table 5.

Source of CPE colonization
in mothers

Based on the results of prevalence and
risk factors associated with CRE colonization,
displayed in Tables 1, 2, and 3. Table 6 lists
participants’ professions and shows that the
prevalence of CPE was 0% (n = 8), 6.40% (n =
173), 5.90% (n = 51), 7.40% (n = 27), 5.00% (n
= 100) in the group of HCWs, State employees,
Businesspersons, Self-employed persons, and Stay-
at-home spouses, respectively. The result of Table
6 was surprising, as CPE did not appear in HCWs.
However, we detected CPE in state employees
and Housewives, who had the potential to contact
hospital environments and healthcare, fewer than
the HCWs, a key characteristic of all CRE-colonized
mothers, especially CR. E. coli colonized mothers
did not acquire any hospital infections, any

chronic disease, or any surgical operation before
participating in this study (Table 6).

Moreover, one impressive character was
that the duration from hospital admission at the
study site to the fecal sample collection in mothers
with CPE colonization was 76.20% (from 0-28.00
hrs) (Min: 0 hours, and Max = 159.00 hrs (equal
to 6.63 days).

In neonatals

Table 6 showed that the duration of time
from delivery to sample collection in the neonatal
colonized with CPE was 31.00-47.00 hours. The
result in Table 6 confirmed one case of non-
hospital-acquired and non-CPE caused infection
determined in one neonate.

Duration of time from labor induction to fecal
sample collection

Table 6 showed that the duration of time
from delivery to sample collection in the neonatal
colonized with CPE was 31.00-47.00 hours, and
only one case of non-hospital-acquired and a
non-CPE caused infection was a neonatal infection
found in one neonate.

Association between the duration of time from
labor induction and fecal sample collection over
36 hours

Table 2 showed that labor induction
and the duration of time from labor induction
to sample collection (more than 36 hours) were
risk factors for CPE colonization. Specifically, the
group of pregnant women (n = 7), who spent time
from labor induction to sample collection (over
36 hours, had a CPE colonization prevalence at
42.90% (3/7). Three of six pregnant women who
consumed antibiotics had CPE colonization, with
50% (3/6).

DISCUSSION

The results described in Table 1 suggested
how to determine the origin of KPC in neonates
and distinguish K. pneumoniae-producing
carbapenemase in mothers and children. It was
whether Carbapenemase-producing E. coli found
in mothers was the same source in neonates.
Could the origin of K. pneumoniae and E. coli in
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mothers and neonates be from the community,
the hospital environment, healthcare workers, or
other sources that did not belong to the hospital?

Source of CPE colonization in mothers

As shown above, the duration from
hospital admission at the study site to the fecal
sample collection in mothers with CPE colonization
was 76.20% (from 0-28.00 hrs), and characteristics
of mothers with CPE colonization: The duration of
time from admission to sample collection (hours)
in pregnant mother acquired CPE colonization,
was 76.20% (from 0-28.00 hrs), Table 6, (Cont.2).
Thus, was this length of time enough for the
CPE to exist in the gastrointestinal tract of the
mothers? A case-control study reported that
duration of hospital stay over 28 days (OR 23.6,
95% Cl 4.9-113.3) in the last 12 months was a
risk factor for acquiring K. pneumoniae producing
carbapenemase, detected with rectal swabs.®
Moreover, another case-control study reported
that hospital stays exceeding twenty days were a
risk factor for acquiring carbapenemase-producing
Enterobacteriaceae, as determined similarly
with rectal swabs (AOR: 4.9, 95% CI: 1.4-15.5;
P < 0.001).* The duration of CPE detection in
the two studies above showed that CPE found
in mothers in our research could appear before
admission to Hung Vuong Hospital or be due to
cross-contamination happening at the study site.

We recognized that, for example, the
hospital admission before study participation
about one year, the number of days for hospital
stay in the last admission, chronic diseases, past
surgical operation before study participation,
professional, and duration of performance of
professional (years) weren’t risk factors of CPE
colonization in our study. Hence, the CPE detected
in mothers in our study could belong to the
community where they have lived. For example,
multidrug-resistant organisms can spread to
members of the same household. Researchers also
reported that ESBL carriers can transmit genetically
related ESBL-producing bacteria to their family
members, with a prevalence from 17%-32%.%02

Source of CPE colonization in neonatals
In Table 6, fecal sample collection in the
neonatal colonized with CPE was from 31.00 to

47.00 hours after delivery. This result showed that
CPE colonization in neonates could originate from
potential contamination between the hospital
environment, healthcare practices, and the
neonates.

CPE transmission between mothers and neonates

The result of evidence of CPE transmission,
shown in Figure 2, suggested that CPE transmission
between this mother and her baby might be
associated with the vaginal canal, which supplied
an environment suitable for developing the
colonization of pathogenic bacteria, which might
move ascendingly into the uterus of mothers
after the event of the premature rupture of the
amniotic membrane. The result of this event was
the contamination of amniotic fluid. Consequently,
if the neonate inhaled or swallowed the infected
amniotic fluid, pathogenic bacteria would colonize
in their gut. Then, they would cause intrapartum
sepsis, as studies reported K. pneumoniae found
in the neonate’s gut is the principal pathogen
of intrapartum sepsis.?®?® Although the CPE
transmission prevalence was very low in our
study, it confirmed that the CPE transmission
issue should be a concern in the future due to the
pressure of antibiotic resistance caused by CPE as
a problem in developing countries.?” For example,
a study in Algeria conducted on all mothers and
their newborns in two maternity units, including
Bejaia (Maternity A) and northern Algeria
(Maternity B) in Tizi Ouzou, was prospective and
randomly recruited from 357 mothers and 365
newborns from January 1 to April 30, 2017. This
study reported a mother-newborn pair carrying
asymptomatic OXA-48-producing E. coli and K.
pneumoniae isolates.*® The researchers in Algeria
also suggested that the CPE of mothers could
contaminate their neonates, or neonates’ CPE
could be from other sources.*®

Risk factors of CPE colonization in mothers

The results of the univariate binary
logistic regression associated with Risk factors
of CPE colonization in mothers suggested the
question was whether the time from labor
induction to fecal sample collection with the rectal
swab over 48 hours influenced CPE contamination
in mothers. This question is essential and valuable
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in controlling and preventing CPE transmission
or contamination in mothers because it will be a
new direction in determining the factors related
to CPE contamination or transmission for mothers
spending hospital stays for delivery because in
our study, one positive factor influencing CPE
colonization was the mothers’ age from 19-23
years old, which reduced the CPE colonization
compared with the age of mothers, less than or
equal to 18 years old, with P =0.033, OR = 0.067,
95% Cl: 0.006-0.802 (Table 2).

One significant detail we analyzed
above, the associations between the duration
of time from labor induction to fecal sample
collection over 36 hours was the risk factor of CPE
colonization at 42.90% (n = 7), and one impressing
finding is that mothers, who consumed antibiotics
(less than two doses or more than three doses),
and stayed in the hospital for over 48 hours before
fecal samples were collected, they would acquire
CPE colonization (Table 7).

The result of the multivariate binary
logistic regression of risk factors of CPE colonization
in mothers noted that the mothers had a history
of antibiotic use before study participation, with
the total number of antibiotic doses (1-2 doses) in
the period of hospital stay being the principal risk
factor of CPE colonization compared with mothers
without antibiotic use.?! This result showed that
maternal CPE colonization could happen before
hospital admission. CPE colonization could appear
in the community before pregnant women’s
admission to Hung Vuong Hospital. The origin of
maternal CPE colonization could be the antibiotic
overuse in the community, where over-the-
counter antibiotics can be bought at pharmacies
without a doctor’s prescription, as some research
reported in Vietnam.3?

The overuse of antibiotics in livestock
has been a significant challenge in controlling
multidrug-resistant organisms in Vietnam, as
evidenced by the presence of antibiotic residues
in food, such as pork and chicken meat.*3*

Antibiotic residue could be one of the
causes of bacterial antibiotic resistance in the
human gastrointestinal tract, leading to the
development of multi-resistant organisms.3®
Hence, maternal CPE colonization could be present

in the maternal gastrointestinal tract before the
time of pregnant women’s hospital admission.

Risk factors of CPE colonization in neonates

The results of the univariate binary logistic
regression of risk factors of CPE colonization
in neonates showed that admission to the
Neonatal Intensive Care Unit before the fecal
sample collection performed on neonates was a
risk factor for CPE colonization, as shown above
(Table 4). The Neonatal Intensive Care Unit was
a potential source of CPE contamination. At a
Portuguese NICU, a prospective, observational,
longitudinal, and cohort study reported that
the prevalence of CPE isolates detected in 173
admitted neonates was 5.8%, including the most
frequent carbapenemase-producing Klebsiella
pneumoniae isolates.?” Next, another study in a
neonatal intensive care unit in Morocco reported
that during hospitalization, 12.5% (26/207) of
them acquired CPE that exclusively expressed the
bla,,, .. gene.*® The study results, as described
above, including our findings, showed neonates
might acquire CPE colonization through the
cross-infection route in which CPE-colonization
source can present in HCWs, neonates’ relatives,
or in hospital environments, and not in mothers
because the from-mother-to-neonate transmission
prevalence of 0.28% (1/359) (E. coli) was very low.
It meant that NICU-admitted neonates, before
the fecal sample collection, were at risk of being
colonized by CPE more than other neonates
without a NICU admission history. Hence, the
NICU admission was a potential risk factor for CPE
colonization in our study.

Impressively, our study result also showed
that CPE colonization detected in neonates
had a history of NICU admission for over 17
hours, while A retrospective case-control study
conducted by matching pairs based on the date
of birth and gestational age to determine the
ESBL-colonized infants at the NICU of Soroka
University Medical Center, Israel from 2013-
2014 proved the mean time from admission to
ESBL-producing-bacteria colonization was 15
days.*® Our study results suggested a potential
CPE contamination occurred between HCW,
or the hospital environment, and neonates in
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the NICU. The former studies reported that the
areas used for CPE patients to stay in the hospital
were significantly contaminated.?”2%4° Hence,
we should collect neonates’ fecal samples at
the beginning of NICU admission to detect early
CPE colonization in neonates admitted to NICU
and have a plan to prevent and control CPE
colonization in neonates during hospital stay.
Significantly, as reported in our results (Table
4), vaginal examination was associated with CPE
colonization in neonates. Our study showed that
the number of vaginal examinations from 6-9
was a risk factor for CPE colonization, as shown
in Table 4. The risk of bacterial colonization in
the first vaginal examination in pregnant women
was 0.34 times lower than that in more than one
vaginal examination in women (OR 0.34; 95% Cl
0.241,0.481).%

This result implied that good medical
practices have become a crucial standard in
preventing CPE colonization/transmission from
HCWs or the hospital environment to mothers in
healthcare settings. For example, some studies
reported that the transmission from HCWs was
more significant in the areas where the nosocomial
outbreak appeared.*” Two prospective studies
determined the HCW-to-patient transmission
route of the unique MRSA clones. Another study
demonstrated that the HCWs’ hands were the
source of S. aureus transmission from patient to
patient, reported in three US academic medical
centers.**

Next, A significant and impressive result
is that the benefit of breastfeeding in our study
was to reduce CPE colonization in neonates. A
few studies showed this benefit. For example,
trials reported that breastfeeding is beneficial for
children because breastfed children had a lower
frequency of antibiotic use than unbreastfed
children. There was a strong relationship between
the duration of breastfeeding and the frequency
of antibiotic use in children.**% Moreover,
breastfeeding was a beneficial factor in preventing
acquisition of ESBL-producing Enterobacteriaceae,
with an adjusted hazard ratio of 0.29 (95% Cl, 0.11,
0.80).

Another question is how the risk factors
influenced each other. It is impressive that

we analyzed the result of multivariate binary
logistic regression of risk factors related to CPE
colonization in neonates (Table 5). We found that
the number of vaginal examinations from 6-10
times was the principal risk of CPE colonization.
Another study reported that the risk of bacterial
colonization from the first vaginal examination in
pregnant women was 0.34 times lower than that
from more than one vaginal examination (OR 0.34;
95% Cl 0.241, 0.481).% This result suggested that
limiting the number of vaginal examinations is
the best solution to reduce CPE colonization in
neonates.

CONCLUSION

Antibiotic consumption before fecal
sample collection and the duration from labor
induction to sample collection were risk factors for
CPE colonization in pregnant women. At the same
time, the beneficial characteristics for reducing
CPE colonization in neonates included the vaginal
delivery, mother caring for neonates, gestational
age over 37 weeks, less than two relatives caring
for neonates, two hours for skin-to-skin contact
between mothers and breastfeeding, Especially,
the interaction between two characteristics,
including vaginal delivery, mother caring for
neonates reduced the CPE colonization in
neonates.

The findings of mother-to-neonate CPE
transmission were significantly low. However,
the trend of CPE transmission in the group
of mothers and neonates, and CPE-colonized
mothers targeting interventions with screening
CPE colonization at the beginning of hospital
admission is the best solution to reduce this
cross-transmission in endemic settings, and hand
hygiene compliance and aseptic medical practices
are crucial standards to prevent and control CPE
in the healthcare sector.

Ultimately, the use of over-the-counter
antibiotics in the community and the misuse of
antibiotics in livestock farming need to be closely
monitored by government regulations. The
Government opens communication channels to
guide and educate the community on when to use
antibiotics and how to use them when prescribed
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by a doctor. It shouldn’t use antibiotics as a means
to promote livestock growth. These procedures
will reduce bacterial antibiotic resistance, including
multidrug-resistant organisms, CPE.

Limitation of study

As described, we did not collect the
fecal samples of HCWs and relatives of neonates
and environmental samples to determine the
transmission between neonatal CPE colonization
and HCWs, or neonates’ relatives or environment.
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