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Abstract

Purpose The impact of colonization with antimicrobial-resistant bacteria (AMRB) and methicillin-sensitive Staphylococ-
cus aureus (MSSA) of healthy pregnant women is not described in detail in Germany. In this study, we screened for MSSA
and AMRB, especially for methicillin-resistant S. aureus (MRSA) as well as extended-spectrum beta-lactamase (ESBL)-
producing E. coli. Potential risk factors for colonization with AMRB/MSSA and the potential effects of colonization with
these on the obstetric population were investigated.

Methods From October 2013 until December 2015 pregnant women were screened before birth for colonization with
AMRB/MSSA from the mammillae, nose, perianal and vaginal area. Before birth, the expectant mother was administered a
standardized interview questionnaire by a trained interviewer. Data from the hospital admission records were also included.
Results Samples from 651 pregnant women were analyzed. Colonization with MSSA was detected in 14.3% (n=93),
AMRB in 3.5% [(n=23); MRSA: n=3/ESBL: n=20]. Significantly more colonization of AMRB/MSSA could be detected
in women who had previously given birth compared to women who were nulliparous (p < 0.05). MSSA colonization was
significantly associated with self-reported respiratory diseases during pregnancy (p <0.05), but AMRB/MSSA colonization
was not statistically associated with other types of infection.

Conclusion Our results demonstrate a low overall rate of colonization with AMRB/MSSA, as well as a low percentage of
colonized pregnant women who developed infections. Multiparous women are at higher risk for colonization with MSSA/
MRSA or ESBL. Because the prevalence of AMRB/MSSA is low, this study suggests that general screening of pregnant
women without risk factors is not recommended.
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Introduction

The colonization with microorganisms such as antimicro-
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The consequences of AMRB and MSSA-related infections
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AMRB and MSSA is relevant for pregnancy and childbirth
and whether there is transmission from mother to child.

Prevalence of colonization

Methicillin-resistant Staphylococcus aureus (MRSA) as well
as extended-spectrum beta-lactamase (ESBL)-producing
microorganisms are some of the most common multiresistant
bacteria [4, 5]. MSSA is often used as surrogate parameter
for MRSA due to similar characteristics (e.g. in terms of
PVL production), transmission pathways and caused infec-
tions. Similarly to MRSA, carriage of MSSA does not neces-
sarily lead to infection; it is a facultative pathogen [6].

A study on the prevalence of ESBL-producing E. coli
among infection control personal revealed a colonization
rate of 3.5% [7] which continues to increase [1]. Further-
more, the number of ESBL-producing E. coli in German
outpatient care increased from 2.7% in 2008 to 5.6% in 2012
[8]. Increases in ESBL-E. coli colonization in both hospital
and community setting are an emerging threat [9].

In the German general population, MSSA was carried at
least once in 40.9% [10] and in German hospitals MRSA
prevalence decreased from 14.0% in 2010 to 9.0% in 2015
taken from swabs [11].

However, studies with the prevalence of AMRB in preg-
nant women are limited. It is difficult to find sources stating
coherent prevalence of MSSA, MRSA and ESBL in Ger-
many in the healthy, pregnant women population as most
studies focus on high-risk populations. Therefore, most
of the data available describe the prevalence of MSSA or
MRSA in intensive care units [2], and colonization in the
USA where prevalence rates in the obstetric setting are
much higher than in the Western European region [12].
Various studies report MSSA colonization with 17-24.3%
and MRSA colonization with 0.5-3.5% [12—14] in the USA
in pregnant women. A literature review from 2010, which
included the data of Medline, EMBASE and the Cochrane
database, showed that the prevalence of MRSA in the obstet-
ric population is generally low [15]. Exact numbers about
the total incidence of MRSA and ESBL colonization in the
obstetric population in Germany are not available. Given
the limited availability of use of antibiotics, it is vital that
research is focused on this particular risk group.

Infections

Evidence has been provided that shows an association
between colonization with AMRB/MSSA and higher
probability of infection [16]. MRSA or MSSA caused
infections are not clinically distinguishable [5], but
MRSA infection is associated with a higher mortality rate
(36.4% with MRSA and 27% with MSSA in intensive care
patients). The reason for that is not adequately clarified,
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but a possible explanation could be the delayed effect of
antibiotics therapy or different pharmacokinetic properties
of the antibiotic [5].

MRSA infections in the general population are often
locally limited skin and soft tissue infection or recurrent
abscess [17].

The prevalence of MRSA colonization in the obstetric
population is comparable with the prevalence in the gen-
eral population [18]. Most commonly it presents as skin
and soft tissue infection (SSTI) with multiple sites and
recurrences [18, 19].

Serious infectious syndromes have been reported [18]
and can affect the obstetric population. Urinary tract infec-
tions (UTI) caused by ESBL colonization are one of the
most frequent infections appearing during pregnancy
[20]. The colonization with antibiotic-resistant bacteria
complicates the treatment of these infections. Some epi-
demiologic reviews state, that the presence of an ESBL
colonization is associated with a threefold increase in the
risk to develop an urinary tract infection [21].

Risk factors

Various sources show different potential risk factors for
colonization with AMRB or MSSA. Among the gener-
ally known and well described risk factors are hospitaliza-
tion [22-25] contact with the health care setting [26, 27]
chronic diseases or comorbidities [3, 27, 28] and previous
antibiotic use [3, 23, 24].

There is no immediate risk of infection after coloniza-
tion for healthy people. At risk for infection after AMRB
colonization are people with chronic wounds, skin lesions,
chronic diseases like diabetes or undergoing immunosup-
pressive therapy [3, 5, 29].

Another potential risk factor for AMRB colonization
and spread could be travelling or time spent abroad [30,
31]. Studies determined that a colonized family member is
also a high-risk factor for colonization with AMRB/MSSA
(intra-familial transmission) [32, 33]. In this context, Kel-
lie shows that contact with children in day-care could be
a further cause of MRSA acquisition [18]. Further risk
groups for a MRSA colonization are pregnant women who
had a cesarean section or who are multiparous [19].

A potentially higher risk for colonization with live-
stock-associated MRSA (LA-MRSA), are also persons
either coming in direct contact with industrial livestock or
via inhalation of contaminated barn dust [34]. The actual
number of ambulant LA-MRSA infections in Germany is
unknown [35]. LA-MRSA is not less virulent than other
MRSA but can be differentiated in its epidemics in health
care institutions [36].
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Objective

Thus, it is particularly relevant to find how colonization
with AMRB affects the obstetric population. So far there
are scarcely any research results on the clinical relevance
and risk factors for the colonization with MSSA, MRSA or
ESBL in the obstetric population.

The aim of this study was to detect the prevalence of colo-
nization of healthy pregnant women with AMRB/MSSA as
well as its clinical relevance and corresponding risk factors.

Methods
Population

Participants from two large Bavarian clinics were recruited
from October 2013 until December 2015 to participate in
this (cross-sectional) study. Therefore, they had to sign
an informed consent form, be at least 18 years of age and
have a planned vaginal delivery. Primary, selected or emer-
gency caesarean section, outpatient birth, multiple preg-
nancies or cervical incompetence (pessary, cerclage) were
excluded from the study. Data from participants who with-
drew their consent or moved to another health care facility
were removed from the study. All the collected data and the
microbiological samples were pseudo-anonymized via an
internal encryption code which did not contain the name,
initials or date of birth. The methodology has already been
described in detail in the work of Adler et al. and Zamfir
et al. [37, 38].

The study was developed by the Bavarian Health and
Food Safety Authority, Munich and was funded by the
Bavarian State Ministry for Public Health and Care Services.
The Institutional review board of Ludwig-Maximillians-Uni-
versity Munich approved the study.

Data collection

Before birth, the expectant mother was administered a stand-
ardized in-person interview questionnaire by a trained inter-
viewer. The expectant mother answered questions regarding
potential contact with fomites, exposure to known risk fac-
tors or persons belonging to a group with higher prevalence
of AMRB. The questions in the questionnaire were designed
to assess prospectively designated selected risk factors for
AMRB/MSSA-colonization. Of particular importance were
the issues of occupational activity, infections and hospital
stays during pregnancy. The mother’s medical history and
medication intake were self-reported during this interview
(Fig. 1). Data from the hospital admission records such
as delivery date, weight and size of the mother were also
included. The child’s birth data, possible complications and

the discharge from the hospital were collected from medi-
cal records. After about six weeks, a follow-up Computer
Assisted Telephone Interview (CATI) was conducted con-
cerning any infection the child or the mother developed after
hospital leave.

Screening

Before birth, four samples were taken from the woman. In
prevention service Ul and prevention service U2 a total of
5 samples were taken from the newborn. In total, samples
were taken from the following sites: Mother: mammillae,
nose, vaginal, perianal; infant (U1): nose, perianal; infant
(U2): nose, perianal, umbilical. All samples were screened
for MSSA, MRSA and ESBL-E. coli. Antibiotic resistance
screening for MRSA and ESBL was performed. The isolates
were tested for antibiotic susceptibility, for detailed descrip-
tion see the article by Zamfir et al. [37].

Statistical methods

To compare categorical variables, the Xz-test and Fisher’s
exact test were used. A logistic regression model building
was done with the potential factors with influence on coloni-
zation status selected a priori. A p value <0.05 was consid-
ered as statistically significant. All statistical analyses were
performed using SPSS 23.0 IBM).

Results
Descriptive statistics and prevalence

This study analyzed data from 651 pregnant women. Out
of initially 763 participating pregnant women, 112 were
excluded due to missing questionnaires. 62.5% (n=406) of
data were collected in clinic 1 as well as 37.6% (n=245)
in clinic 2. Post-delivery 420 women were interviewed per
follow-up CATL

The average age of pregnant women at hospital admission
was 32 years (SD=4.8). The underlying average BMI before
pregnancy was 23.7 (SD=6.0) with a minimum of 12.9 and
a maximum of 51.3. A summary of the socio-demographic
data is given in Table 1. AMRB/MSSA colonization was
detected in 17.4% (n=113), whereof MSSA was found in
14.3% (n=93) and AMRB in 3.5% (n=23) (MRSA: n=3;
ESBL n=20) of the pregnant women.

Analysis of risk factors and clinical relevance
Different potential risk factors for infections were analyzed

to examine an association between the colonization with
AMRB/MSSA and clinical relevance.
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Fig. 1 Data collection

Table 1. Sociodemographic Total (N=651) Clinic 1 (N=406) Clinic 2
characteristics of pregnant (N=245)
women
n % n % n %
Age in years
18-29 197 30.6 114 28.5 83 342
30-34 253 39.3 156 39.9 97 39.9
>34 193 30.0 130 325 63 259
BMI
Underweight (< 19) 47 7.2 29 7.1 18 7.4
Normalweight (19-25) 400 61.4 246 60.6 154 62.9
Overweight/Adipositas (> 25) 186 28.6 119 29.3 67 274
Previous birth
Nulliparous 433 66.5 290 714 143 58.4
Multiparous (1) 165 254 82 20.2 83 339
Multiparous (2) 40 6.1 25 6.2 15 6.1
Multiparous (3 or more) 13 2.0 9 2.2 4 1.6
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Regarding the delivery mode, 79% (n=514) of the preg-
nant woman had a vaginal delivery. The remaining 21%
(n=137) delivered with a secondary Cesarean Section due
to different unpredictable reasons. The mode of delivery did
not predict colonization with AMRB/MSSA.

Another factor considered was previous pregnancies.
About one third (33.5%; n=218) of the women were mul-
tiparous. From them, 16.9% (n=37) were colonized with
MSSA, 0.9% (n=2) with MRSA and 4.1% (n=9) with
ESBL-E. coli. From the woman who were nulliparous
(66.5%; n=433), MSSA colonization could be detected
in 12.9% (n=56), MRSA colonization in 0.2% (n=1) and
2.5% (n=11) colonization was detected with ESBL-E. coli.
Consequently, significantly more colonization of MRSA/
MSSA and ESBL-E. coli could be detected in women who
had previous birth compared to women who were nullipa-
rous (p <0.05).

Differences due to hospital location were not significant
(Clinic 1: n=12; 2.4% ESBL-E. coli/Clinic 2: n=38; 3.2%
ESBL-E. coli). 258 (40%) women reported travelling abroad
during their pregnancy. Overall, no significant increase was
detected in the colonization with MRSA (n=0; 0%), MSSA
(n=38; 15%) or ESBL-E. coli (n=15; 2%) (Table 2). Of the
women who traveled abroad, 5% (n=12) reported having
had contact with health care facilities (2 as guests and 10
as patients). From the 651 mothers included in the study,
10 mothers reported having had contact with the medical
services outside the country as patients (3 stationary) and
2 were visitors. The factors “professional activity in the
healthcare sector” and “leisure/professional activity within
agriculture or with animals” showed no statistically signifi-
cant differences with regard to AMRB/MSSA colonization.

Furthermore, pregnant women self-reported preexisting
diseases (long-term medication, cardiovascular diseases,
kidney or thyroid diseases, hypertension and diabetes) in
16.9% of the cases and medical conditions during pregnancy
(gestational hypertension, gestational diabetes) in 8.9%.
Both factors did not predict AMRB/MSSA colonization.
Likewise, antibiotic use did not predict AMRB/MSSA colo-
nization during pregnancy. When looking at hospitalization,
it was found that the median hospital stay was four days.
The days were not significantly different when the mother

was colonized with MSSA, MRSA or ESBL-E. coli. The
odds ratio of colonization with AMRB for pregnant woman
who were hospitalized was 0.87 (CI 0.11-6.96) and 0.42 (CI
0.16-1.17) for pregnant woman who travelled abroad after
adjusting for clinic and antibiotic use in the logistic model.
The odds ratio without adjusting were 0.70 (CI 0.09-5.33)
and 0.55 (CI0.20-1.51), respectively.

From the 113 (17.4%) women positive for MRSA/MSSA
or ESBL colonization during pregnancy, 8.8% had a vaginal
infection, 5.3% had a urinary tract infection (UTI), 0.9% a
soft tissue infection and 11.5% a respiratory disease such as
bronchitis, sinusitis or otitis, as indicated in Table 3.

Figure 2 compares the infections of patients with AMRB/
MSSA colonization and without. Patients suffering from a
self-reported respiratory disease had a higher percentage of
AMRB/MSSA colonization. Thus, MSSA colonization was
significantly associated with respiratory diseases (p < 0.05),
but MRSA, MSSA or ESBL colonization were not statisti-
cally associated with other types of infections.

The data from the post-survey were evaluated and can
be found in Table 4. There is no significant evidence that
AMRB/MSSA induced infections after delivery are higher
than infections that are not due to colonization, based on
data of colonization before birth.

With regards to the antibiotic resistance of the bacterial
isolates, 100% of MSSA isolates were resistant to penicillin.
MRSA isolates were 100% resistant to cefoxitin, imipinem,
oxacillin and penicillin. In ESBL isolates, amoxicillin, ampi-
cillin, cefotaxime, cefuroxim, piperacilin and tazobactam
resistance was found in all isolates (Fig. 3).

Discussion

Our results demonstrate a low overall rate of colonization
with MSSA (14.3%), MRSA (0.5%) and ESBL-E. coli
(3.1%). Other sources reported comparable results with a
MSSA prevalence of 17-24.3% [13], MRSA prevalence of
0.5-3.5% [12-14] and ESBL-E. coli prevalence of 6.3-8.6%
[26, 39]. The colonization with AMRB/MSSA was not sig-
nificantly associated with any demographic or obstetrical

Table 2 Travelling

Total (N=258) MSSA (N=38) MRSA (N=0) ESBL (N=5)

n % n % n % n %
North-/West Europe 59 229 9 23.7 0 0.0 0 0.0
East-/South Europe 166 64.3 22 579 0 0.0 4 80.0
North America 10 3.9 1 2.6 63 0.0 0 0.0
Central-/South America 10 3.9 1 2.6 0 0.0 0 0.0
Asia 15 5.8 4 10.5 0 0.0 1 20.0
Africa 3 1.2 1 2.6 0 0.0 0 0.0
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Table 3 Analysis of risk factors and clinical relevance

Total N=651) AMRB+SApos AMRB+SA MRSA (N=3) SA(N=93) ESBL
(N=113) neg (N=23) (N=20)
n % n % n % n % n % n %
Mode of delivery
Vaginal 514 79.0 89 78.8 20 87.0 3 100.0 71 772 17 85.0
Cesarean® 137 21.0 24 21.2 3 13.0 0 0.0 21 22.9 3 15.0
Previous pregnancy
Nulliparous 433 66.5 65*% 575 12 552 1 333 55 60.0 11 55.0
Multiparous 218 335 48 425 11 47.9 2 66.6 37 40.0 9 45.0
Risk factors
Stay Abroad 252 38.7 43 38.1 5 21.7 0 0.0 38 41.0 5 25.0
Profession Healthcare 28 4.3 5 4.4 0 0.0 0 0.0 5 54 0 0.0
Profession Agriculture 173 26.6 31 27.4 4 17.4 1 333 27 29.4 3 15.0
Previous disease® 110 16.9 19 16.8 2 8.7 0 0.0 17 17.9 2 10.0
Disease during pregnancy® 58 8.9 10 8.8 1 43 0 0.0 9 9.5 1 5.0
Antibiotic use 80 12.3 15 13.3 1 0.2 0 0.0 14 14.7 1 0.2
Hospitalzation 46 7.1 10 1.5 1 0.2 0 0.0 9 1.4 1 0.2
Infections in pregnacy
Vaginal 57 8.8 10 8.8 4 17.4 0 0.0 6 6.3 4 20.0
Urinary tract 43 6.6 6 5.3 0 0.0 0 0.0 6 6.5 0 0.0
Purupent Skin 1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Soft tissue 14 22 1 0.9 0 0.0 0 0.0 1 1.1 0 0.0
Otitis 6 0.9 1 0.9 0 0.0 0 0.0 1 1.1 0 0.0
Respiratory? 41 6.3 12*#*  10.6 1 4.4 0 0.0 11#%% 12.0 1 5.0
Operation 5 0.8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
*p 0.026
**p 0.038
**%p 0.016

“Long-term medication/cardio vascular/kidney, thyroid/hypertension/diabetes I, IT

Gestational hypertension/diabetes
“Only secondary C-section (not emergency or primary)

dRespiratory = sinusitis, bronchitis

variable except increased parity and self- reported respira-
tory infections during pregnancy.

Comparing our results with the available data is opaque
due to methodological differences, as well as sampling from
different skin regions and at different time points.

Infections and diseases

Different determinants like the ability to spread, as well as
virulence factors (e.g. pathogenity, resistance and factors
from the environment like hygiene) influence whether colo-
nization leads to infection or not [40]. Our study showed,
that only a small percentage of colonized pregnant women
also have infections. It can also be mentioned that colo-
nized women are more susceptible to later reinfections [41].
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Huang et al. [41] found that about 29% of patients developed
MRSA reinfections.

A previously reported association between chronic dis-
ease or comorbidities and higher incidence of AMRB/MSSA
colonization [3, 42] could not be detected in our study. Self-
reported preexisting or chronic medical conditions were not
significantly associated with colonization (Table 3).

With respect to acute infections, AMRB/MSSA coloni-
zation resulted in more respiratory infections in pregnant
women. MSSA colonization in particular, which is used as a
surrogate parameter for MRSA due to similar characteristics,
was associated with respiratory diseases, as confirmed by
Lowy [3]. A point prevalence survey reported lower res-
piratory tract infections as the most frequent documented
nosocomial infection [43]. Respiratory infection is one of
the major consequence of MRSA colonization, with the
more serious results of MRSA induced pneumonia [35].
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Fig. 2 Infections of pregnant women with/without colonization

Clinically, the most common result of MSSA/MRSA colo-
nization is skin and soft tissue infection [17, 28, 44]. Numer-
ous studies suggested that colonization with AMRB/MSSA
correlates with a higher risk of postpartum infections like
increased risk for postoperative or post-cesarean wound
infections as well as postpartum mastitis [45]. Other studies
stated that there is no higher risk of infection through MRSA
colonization [13], which was coherent with our results. In
our study population only 15 cases of SSTI (2.4%) were
found, from them only 1 case (6.7%) was colonized with
MSSA and none with MRSA. Similar results were found
for postoperative condition—in our study sample, only 5
women had surgical intervention during pregnancy. A larger
study population would have been needed to reliably detect
comparable results.

UTI is one of the most common nosocomial infections
[43] and presents a particular problem for pregnant women
and their children since they are the most frequent infec-
tions appearing during pregnancy [20]. Most frequently they
are due to colonization with gram-negative pathogens [27].
Studies show that the numbers of community-acquired UTI
with ESBL-E. coli keep increasing [4, 46, 47]. Ascending
microorganisms in the vaginal tract can lead to possible
problems during pregnancy, for example ascending ESBL-
E. coli in the urinary tract. In our sample 6.6% (n=43) self-
reported having had an UTI, 5.3% (n=6) of them also hav-
ing colonization with ESBL-E. coli or MSSA (none with
MRSA). This is comparable to the incidence of bacteriuria
in pregnancy as reported by the German Society of Urology
[48].

AMRB + SA neg (n = 538)

AMRB + SA pos (n = 113)

Pregnant women are more inclined to develop a vaginal
or urinary tract infection due to hormonal and physiologic
changes [20]. Vaginal infection was the most self-reported
infection in our sample during pregnancy. 8.8% (n=57) of
women, from them 17.5% (rn=10) being colonized with
ESBL-E. coli or MSSA. In the literature, incidence bacte-
rial vaginosis (bacterial disturbance of the vaginal flora) is
reported to be 5 to 20% in pregnancy [49, 50].

Risk factors

Risk factors for infections have been analyzed in studies
before, but scarcely in the combination of MSSA/MRSA
and ESBL-E. coli. Well known risk factors like hospitaliza-
tion, antibiotic use, chronic disease and contact with health
care have been associated with AMRB infection [3, 22-24,
24, 26, 27]. However, other studies found that traditional risk
factors do not predict MRSA carriage in pregnant women
[45]. Reusch [14] investigated risk factors (prior abscess,
afterschool/daycare program, antibiotic use, hospitalization)
for colonization with MRSA in pregnancy and could not
identify statistically significant risk factors [12].

In our study, there are several possible explanations
for the weak associations between traditional risk factors
and colonization with AMRB/MSSA. Particularly the low
prevalence of colonization with AMRB/MSSA restricted
our statistical power. On the other hand, the low prevalence
was expected, as the majority of pregnant women without
additional risk factors are healthy individuals who rarely
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need inpatient treatment. Other investigations have shown
similar results [12].

These amongst others are reasons why the risk of
MRSA acquisition and thus infection for healthy pregnant
is not increased compared to the general population [5].
There are studies stating antibiotic use as a risk factor for
colonization with MSSA or MRSA [51]; but there are also
studies stating the contrary [29, 32].

Hospitalization is regarded as a strong risk factor for
AMRB acquisition, but our results do not confirm this
statement. Woman, who were hospitalized during preg-
nancy did not show a higher incidence of AMRB acquisi-
tion. In addition, the hospital stay for the delivery has been
looked at and like Saiman et al. [22], we conclude that the
days were not significantly different when the mother was
colonized with MSSA, MRSA or ESBL-E. coli.

In this context, we noted that women who are multipa-
rous show statistically significantly higher prevalence of
AMRB/MSSA colonization (p < 0.05) compared to woman
without previous deliveries. This variable is significant
but a weak risk factor. Other studies point out that a risk
of colonization is increased with multiparity [19, 52, 53].
Prior studies showed that multiparous women and women
who have had a cesarean delivery were more likely to have
CA-MRSA (community-acquired MRSA) infections [19].

A possible explanation could be recent visits to outpa-
tient medical facility like visits at the gynecologist, pre-
natal care and visits at the emergency department. There
the risk is higher for AMRB/MSSA colonization [45, 54].
Another reason could be more exposure with AMRB/
MSSA for multiparous women who were previously hos-
pitalized for the births of the first children.

Another variable considered was travelling or rather
time spent abroad. From the 258 women (40%) travelling
during pregnancy, no significant increase was detected in
the colonization with MRSA.

Trips to areas with high AMRB prevalence or increased
contact with potentially contaminated surfaces (e.g. air-
ports) [30] could be risk factors [35]. Further studies
showed that rectal colonization with ESBL-producing
Enterobacteriaceae was associated with travelling [26].
Maier et. al. [31] showed that an increased number of
MRSA cases were associated with travelling or contact
with persons originating from countries with high MRSA
prevalence. Similar results were found in the Netherlands
or Sweden, where after return from Asia approximately
30% of individuals were colonized with ESBL [30, 55].
These findings are similar to our data where 33% (n=5)
of the women travelling to Asia (n=15) were colonized
(7% with ESBL-E. coli and 27% with MSSA).

Based on our study, local differences in prevalence can
be traced between the two participating clinics. The differ-
ence between the two clinics in the prevalence of MSSA
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and ESBL-E. coli illustrates that prevalence is dependent
on regional and local conditions and the way institution-
specific factors are influencing the spread of bacteria.

Professional activity in health care was also considered
as arisk factor influencing AMRB acquisition. Studies show
that with 1-5% MRSA colonization, health care employees
have considerably higher prevalence [43]. Contact with the
health care setting is particularly also a known risk factor
for ESBL infection [27]. We cannot confirm these results,
but our dataset is too small to make an accurate statement.
Therefore, additional special protection measures in the con-
text of maternity protection seem to be unnecessary.

In some studies, the contact with agriculture is handled as
another risk factor [35]. Kock et. al. [26] demonstrated, that
people with agricultural livestock were 31 times more likely
to acquire MRSA. Although frequently acquired, coloniza-
tion was tested negative within 24 h [56]. The main reservoir
of LA-MRSA is agricultural livestock which can be trans-
mitted from animals to humans. A possible threat would be
the introduction from the colonized human to the hospital
setting [35]. Because we had so few mothers colonized with
AMRB in our study population, the variable “contact with
agriculture” could not clearly highlight a risk factor. The
value of MRSA outside the hospital gains in importance and
becomes a new challenge.

Antibiotic resistance

The therapy for MSSA and MRSA has to be differentiated.
Up to 80% of MSSA strains are resistant to all penicillins.
This is also reflected in our data. The therapy has to be
adapted to the antibiogram and to the clinical picture [57].
According to recommendations of the Robert Koch Institute,
infections with MSSA are treated with ,,penicillinase-resist-
ant penicillin (e.g. flucloxacillin) as well as 1st generation
cephalosporins and inhibitor-protected penicillin. Alterna-
tives are combinations with rifampicin [40]. For skin and
soft tissue infections as well as penicillin allergy a therapy
with clindamycin is recommended. The total duration of
treatment depends on the clinical course, but it should at
least be 7-10 days [57].

In the case of an MRSA infection, the treatment will be
more selective because MRSA is a variant of Staphylococ-
cus aureus with the formation of an additional penicillin-
binding protein PBP2a which has a low affinity for beta-
lactam antibiotics and that results in resistances to almost all
antibiotics in the beta-lactam group [40]. Vancomycin from
the glycopeptide group was long time first-line therapy, but
the resistances in hospitals are increasing and alternative
antibiotics have to be used. This was not reflected in our
data, we found 100% susceptibility for vancomycin (Fig. 3).
In case of uncomplicated bacteraemia, it is still used as a
standard. A series of antibiotics are available as alternative
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therapy. Clindamycin, for example, is rarely effective in
nosocomial MRSA infections. It is often effective in commu-
nity acquired MRSA, but our data showed 33% resistance for
clindamycin. Further alternatives to vancomycin are avail-
able; Teicoplanin is another representative of glycopeptides
or linezolid as well as daptomycin or tigecycline can also
be used [58]. Our data do also reflect 100% susceptibility in
these alternative antibiotics.

In the event of a gram-negative infection, ESBL formers
are considered. Extended-spectrum f-Lactamase is a beta-
Lactamase with an extended-spectrum, which inactivates
penicillin and cephalosporins, which are highly resistant
to many antibiotics. Data from a study in France found an
increasing resistance from 2001 to 2016 in the third gen-
eration of cephalosporin group for invasive E. coli strains
[59]. Our data also showed resistance to this group, ESBL-E.
coli was susceptible with only 19% to ceftazidim. Further
resistances exist for amoxicillin, ampicillin, piperacillin and
tazobactam, cefepim, ceftazidim, cefotaxim and cefuroxim.
Equally, substances from the group of flouroquinolones (cip-
rofloxacin and levofloxacin each up to 35%) as well as sub-
stances from the groups of glycosides (azithromycin 73%)
and aminoglycosides (gentamicin 42%) show resistances.
Today, this might constitutes a greater therapeutic problem
in Europe than MRSA [60]. Currently, available therapy
options are beta-Lactamase inhibitors in combination with
a penicillin or cephalosporin as well as temocillin, carbapen-
ems, colistin, fosfomycin and tigecycline [60]. Resistance to
fosfomycin and tigecycline are very rare until now.

Prevention and screening

The Hospital-Infections-Surveillance-System (KISS), a Ger-
man surveillance system for nosocomial infections, proposes
a focus on the improvement of prevention instead of treat-
ment [2].

Basic hand hygiene represents a very important factor. In
most cases the bacteria are transferred through the hands of
medical staff (nurses and physicians). In the case of naso-
pharyngeal colonization, the transmission occurs via skin
and can then spread further [40]. In medical institutions,
the hands of employees are the most important transmission
way for infections [5], a good established and consequent
basic hygiene is, therefore, the basis to prevent infections
and spread of bacteria [61].

Another aspect to be considered is the careful handling
of antibiotics. Kallen et al. [62] showed that a uniform and
transparent approach to the use of antibiotics is essential to
measure the qualitative and quantitative use of antibiotics
and to ensure reliable use [62]. Any use of antibiotics should
be subject to a strict indication to prevent the rise of new
antibiotic resistance [63].

Commission for Hospital Hygiene and Infection Preven-
tion (KRINKO) recommends that universal screening in
pregnant is ineffective [64], the prevalence is low, resulting
in massive costs without additional benefits [12, 18, 65].
Our results support this approach, that there is no depend-
ence between AMRB/MSSA colonization and associated
infections.

In the case of MRSA colonization, a local eradication/
decolonization is a useful prevention strategy to prevent
colonization [15, 66—68].

Further, we have to mention that there is no danger for
the pregnant and their unborn because Staphylococcus does
not pass the placental barrier. In the situation of MRSA car-
riage, it is recommended to take swabs and to apply a local
eradication/decolonization to prevent wound infections of
the newborn [40]. Standard procedure for the eradication
on skin is body washings of intact skin with antiseptic solu-
tions, nasal eradication therapy is mupirocin treatment [40].

However, we also have to say that MRSA is rare and the
burden is modest but decolonization is still recommend
when the risk for infections needs to be minimized [12].

For patients colonized with ESBL-E. coli, it was found
that ESBL will stay for some month and will then disappear
in the majority of cases [63]. There are only weak data for
eradication therapy, which did not give satisfying results.
The appropriateness of eradication has not yet been conclu-
sively clarified and it is not advisable so far [63].

Limitations and future studies

As previously noted, we could not demonstrate strong risk
factors predicting AMRB/MSSA colonization and conse-
quent infections. The low prevalence of colonization pro-
vided limited statistical power to determine a large number
of risk factors. We recognize that there may have been many
potential risk factors that could have been evaluated given
a larger sample size. The analysis of risk factors reveals
the multitude/variety of conflicting results. In relation to
the study population, geographical location and the differ-
ent strains, a variety of different aspects were considered.
Samples were collected in two hospitals from two different
cities from the same federal state; therefore, we can assume
that the population is not fully representative for the whole
German obstetric population. However, a comparison of two
hospital populations is possible, with one of them in a more
rural area and one with urban population.
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Conclusion

Summarizing, AMRB/MSSA colonization rates in expectant
mothers were low and concordant with the general popula-
tion. Increased parity can be a risk factor for colonization
with MSSA/MRSA or ESBL.

The colonization with MSSA/MRSA or ESBL of healthy
pregnant woman did not seem relevant for infections dur-
ing pregnancy. As the percentage of infections is similar in
colonized and uncolonized healthy pregnant women, this
study suggests that routine screening is not necessary in a
population with low prevalence, when no complicated preg-
nancy conditions are given. Prophylactic screening or further
investigations should be considered individually for every
case. Awareness should be raised on problems surrounding
AMRB spread, colonization and infection. Information and
medical consultation of the patient are of special interest.
Early detection of resistant isolates is getting more and more
important because that is the only way to prevent spreading
in hospitals and the community.
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