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Background: Staphylococcus aureus, particularly methicillin-resistant S. aureus (MRSA),
in mothers can cause serious outcomes in neonates. We aimed to elucidate the associations of
S. aureus and MRSA carriage between mothers and neonates.

Methods: A prospective cohort study was conducted between August and November 2015 in
two hospitals in Shenzhen, China. Chinese pregnant women and their neonates who met the
inclusion criteria were included in this study; samples and relevant information were collected.
We assessed maternal-neonatal associations by using Poisson regression models.

Results: Overall, 1834 mothers and their neonates were included in this study. The prevalence
of isolate carriage among the mothers was as follows: S. aureus (nasal, 25.8%; vaginal, 7.3%;
and nasal and vaginal, 3.3%) and MRSA (nasal, 5.7%; vaginal, 1.7%; and nasal and vaginal,
0.5%). The incidences of S. aureus and MRSA carriage among neonates were 3.3% and 0.8%,
respectively. Of the 21 maternal-neonatal pairs with S. aureus carriage, 14 were concordant pairs
with the same phenotypic and molecular characteristics. After adjustment, the relative risks and
95% confidence intervals (CIs) between the S. aureus carriage of neonates and nasal S. aureus
carriage, vaginal S. aureus carriage, and both nasal and vaginal S. aureus carriage of mothers
were 2.8 (95% CI, 1.6-4.8), 7.1 (95% CI, 4.1-12.4), and 9.6 (95% CI, 4.2-22.4), respectively.
Conclusion: S. aureus carriage in mothers increases the risk for neonates.

Keywords: Staphylococcus aureus, methicillin-resistant Staphylococcus aureus, neonates,

mothers, maternal-neonatal association

Introduction

Staphylococcus aureus and methicillin-resistant S. aureus (MRSA) infections have
been recently increasing in pregnant women and neonates hospitalized in neonatal
intensive care units (NICUs).!? Much of this increase has been reported to be driven
by the rise of community-associated MRSA (CA-MRSA), which commonly causes
infections in patients without traditional influencing factors.'*

S. aureus and MRSA have been reported to commonly colonize the vagina of
women aged 11-60 years, particularly in those aged 3140 years.* Pregnant women
are more likely to have vaginal carriage of S. aureus and MRSA than non-pregnant
women because of their increased estrogen and blood glucose levels.® The prevalence
of S. aureus and MRSA carriage in pregnant women has been reported to range
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from 13% to 22% and from 0.5% to 10%, respectively.®!?
Regarding the neonate population, CA-MRSA has become
the most frequent type of S. aureus, causing diseases in the
NICU and even among healthy full-term neonates.!'*1¢ It
has been reported that maternal carriage of S. aureus and
MRSA plays a role in neonatal carriage.!>'"-2 The neonates’
increased vulnerability to S. aureus and MRSA carriages
provides a strong impetus to limit the acquisition and spread
of S. aureus and MRSA in this population. We require the
complete understanding of the modes of transmission of S.
aureus and MRSA to neonates. However, those previous
studies lacked adequate sample sizes or failed to analyze the
phenotypic and molecular features of S. aureus and MRSA
isolates between mothers and neonates.

Although maternal-neonatal transmission is significant
for several infectious agents, such as group B streptococcus
and gram-negative enteric bacilli,?** similar published data
for S. aureus and MRSA in China are lacking. Furthermore,
vaginal carriage of S. aureus and MRSA at delivery and verti-
cal transmission of S. aureus and MRSA from mothers to their
neonates have also never been systematically studied in China.

Therefore, we designed a prospective cohort study to
determine the status of S. aureus and MRSA carriage of
mothers and their neonates at delivery. The goals of the cur-
rent study were 1) to determine the prevalence of S. aureus
and MRSA carriage in pregnant women at two hospitals in
Shenzhen, China, 2) to define the incidence of S. aureus and
MRSA carriage in neonates delivered by enrolled pregnant
women, 3) to determine the associations between mothers
and neonates with S. aureus and MRSA carriage based on
culture results and phenotypic and molecular characteristics,
and 4) to estimate the influencing factors of S. aureus and
MRSA carriage in neonates through a questionnaire given
to the mothers and a medical records review.

Patients and methods

Ethics statement

This study was approved by the ethics committee of Guang-
dong Pharmaceutical University, and it was performed in
accordance with the approved guidelines. All participants
signed an informed consent form.

Study design and subjects

A prospective cohort study was conducted between August
and November 2015 in two hospitals in Shenzhen, China.
The two hospitals, Longhua Central Hospital and Guanlan
People’s Hospital, are large hospitals whose obstetric ser-
vice delivers between 10000 and 15000 neonates per year;

these are two of the largest delivery hospitals in China. All
included pregnant women were inpatients because of par-
turition. The inclusion criteria were as follows: 1) pregnant
Chinese women, 2) between 35 and 40 weeks of gestation,
3) provision of signed informed consent, 4) absence of acute
diseases, and 5) no receipt of a vaginal disinfection exami-
nation. Those who did not meet the criteria were excluded.

Data collection and sampling

A face-to-face questionnaire was administered by trained
personnel that aimed to collect demographic information and
information regarding potential factors influencing S. aureus
and MRSA carriage during pregnancy. Medical records of
the pregnant women and their neonates were reviewed by two
members of the study team who were blinded to the maternal
and neonatal S. aureus and MRSA carriage status.

Sterile swabs moistened with sterile saline water were used
to sample both the nares and vagina of the enrolled pregnant
women prior to delivery by trained personnel. Each pregnant
woman provided two samples from two sites: a nasal sample
and a vaginal sample. As soon as possible after delivery, when
the neonate had been towel dried, a swab was obtained from
the neonate’s nares, oral cavity, and skin (axilla, area around
the eyes, periumbilical area, and groin with the same swab)
by the trained nursing staff within 2 hours of delivery. There
are two swabs from each mother and one swab from each
neonate. All swabs were then inoculated into enrichment
broth tubes containing 1% tryptone, 7.5% sodium chloride,
1% mannitol, and 0.25% yeast extract.

Isolation and identification of S. aureus
and MRSA

After 24 hours of incubation at 37£1°C, the swabs were
transferred to mannitol salt agar plates for another 24 hours of
incubation. The samples were identified as S. aureus isolates
when they had specific colony morphology and were positive
for gram staining, catalase reaction, hemolysis test, DNase
test, and coagulase tests. Those S. aureus isolates that were
resistant to cefoxitin were identified as MRSA isolates. We
isolated one isolate per sample.

Antibiotic susceptibility testing

Antibiotic resistance testing was conducted by using the
Kirby—Bauer disk diffusion method, following the guide-
lines of the Clinical and Laboratory Standards Institute of
2015. All S. aureus isolates underwent phenotypic analysis
for antibiotic resistance to 11 antimicrobial agents: cefoxi-
tin, clindamycin, rifampicin, moxifloxacin, tobramycin,
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gentamicin, sulfamethoxazole—trimethoprim, linezolid,
teicoplanin, and erythromycin. Isolates were defined as resis-
tant if they were resistant or intermediate to the antibiotic.
They were classified as multidrug resistant (MDR) if they
were resistant to no less than three antibiotic classes.?® The
S. aureus isolate ATCC25923 (American Type Culture Col-
lection, Manassas, VA, USA) was used for quality control.

Molecular characteristics

The DNA of all S. aureus isolates was extracted by using
the sodium dodecyl sulfate method.?” All S. aureus isolates
were further tested to confirm the presence of the toxin genes
including Panton—Valentine leukocidin (Pv/), toxic shock
syndrome toxin (7sf), exfoliative toxin A (E?a), and exfolia-
tive toxin B (£1b) by using polymerase chain reaction (PCR)
assays as in previous studies.?®?

A multiplex PCR technique was used to confirm the
type of staphylococcal cassette chromosome mec (SCC-
mec) gene.*® The results were reported as types -V, and
those isolates that were not types I-V were deemed as
non-typeable (NT). SCCmec types I-1II were classified as
hospital-associated MRSA (HA-MRSA), whereas types IV
and V were classified as CA-MRSA.

The multilocus sequence typing (MLST) PCR assays
were performed by using previously published primers and
conditions.?! Allelic profiles and sequence types (STs) were
assigned by using the MLST database (http://www.mlst.
net). Singletons or members of a clonal complex (CC) were
determined by using the e BURST algorithm (http://eburst.
mlist.net). A dendrogram analysis was performed based on
ST types to determine the clonal relatedness and potential
epidemiologic origin.

Statistical analysis

The significant difference between proportions was deter-
mined by using Pearson’s chi-square tests or Fisher’s exact
tests for categorical variables. To identify variables that might
confound the association of S. aureus and MRSA carriage
between mothers and neonates, we assessed the difference of
influencing factors among mothers and neonates with a uni-
variate analysis (Pearson’s chi-square tests or Fisher’s exact
tests). Influencing factors independently associated with
S. aureus and MRSA carriage among neonates were identi-
fied as adjustment variables using the Poisson regression
model to estimate the correlations of isolates between moth-
ers and neonates. Relative risks (RRs) and 95% confidence
intervals (CIs) were used to assess the maternal-neonatal
relatedness of S. aureus and MRSA carriage. In addition,

we used adjusted RRs (aRRs) and the carriage probability
of the control group to calculate the number needed to harm
(NNH) for each outcome according to a published formula.*
A two-sided P-value for statistical significance was defined
as P<0.05. The sample size was calculated by using power
two proportions method with 4.00% proportion, 4.00 ratio,
0.05 alpha, and 0.80 power. Taking 10% loss of follow-up
into consideration, the estimated minimum sample size of this
study was 107 for each group. All analyses were performed by
using STATA 14.2 (StataCorp LP, College Station, TX, USA).

Results
Prevalence of S. aureus and MRSA

carriage among mothers

A total of 2172 pregnant women consented to participate
in this study. However, 338 pregnant women were excluded
because of lack of medical records of their neonates. We
then completed enrollment and microbiological, phenotypic,
and molecular analyses of 1834 pregnant women and their
neonates within 4 months. The prevalence of S. aureus
and MRSA nasal carriage among pregnant women was
25.8% (473/1834) and 5.7% (104/1834), respectively. The
prevalence of S. aureus and MRSA vaginal carriage among
pregnant women was 7.3% (133/1834) and 1.7% (31/1,834),
respectively. The prevalence of S. aureus and MRSA with
both nasal and vaginal carriage among pregnant women was
3.3% (60/1834) and 0.5% (9/1834), respectively. There were
no statistically significant differences of S. aureus (nasal:
7*=0.985, P=0.321; vaginal: y*>=0.328, P=0.567; and nasal
and vaginal: y>=2.413, P=0.299) and MRSA (nasal: y>=0.252,
P=0.616; vaginal: y>=0.075, P=0.784; and nasal and vaginal:
7*=1.858, P=0.553) carriage among pregnant women in the
two different hospitals.

Incidence of S. aureus and MRSA carriage

among neonates

The incidences of S. aureus and MRSA carriage in the neo-
nates were 3.3% (60/1834) and 0.8% (15/1834), respectively.
In the 133 S. aureus vaginal carriage pregnant women, the
incidences of S. aureus and MRSA carriage in their neonates
were 15.8% (21/133) and 2.3% (3/133), respectively. In
the 1701 non-S. aureus vaginal carriage pregnant women,
the incidences of S. aureus and MRSA carriage in their
neonates were 2.3% (39/1701) and 0.7% (12/1701), respec-
tively. There were no statistically significant differences
of S. aureus (x*=0.494, P=0.482) and MRSA (x’=1.598,
P=0.2006) carriage among the neonates in the two different
hospitals.
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S. aureus and MRSA carriage

There was a significant difference between S. aureus carriage
of neonates and S. aureus carriage of mothers (% =4.418,
P=0.036). The RRs and 95% CIs between the S. aureus
carriage of neonates and S. aureus nasal carriage, S. aureus
vaginal carriage, and S. aureus nasal and vaginal carriage of
mothers were 2. 7 (95% CI, 1.64.4), 6.9 (95% CI, 4.1-11.7),
and 10.2 (95% CI, 4.6-22.5), respectively. There was no
significant difference between MRSA carriage of neonates
and the number of MRSA isolates of mothers (y%_ ,=0.230,
P=0.631). The RRs and 95% CIs between MRSA carriage of
the neonates and MRSA nasal carriage and MRSA vaginal
carriage of the mothers were 2.6 (95% CI, 10.6-11.3) and 4.2
(95% CI, 0.6-31.6), respectively. There was no statistically
significant association of MRSA carriage between mothers
and neonates (Table 1).

In the multivariate analysis, vaginal delivery (RR, 2.9;
95% CI, 1.2-6.7), low frequency of vaginal examination
after hospitalization (£2) (RR, 1.8; 95% CI, 1.0-3.0),
and male gender of neonates (RR, 1.7; 95% CI, 1.0-3.0)
were risk factors for S. aureus carriage among neonates,
whereas premature rupture of membranes (RR, 0.5; 95%
CI, 0.2-1.7) was no longer statistically associated with S.
aureus carriage among neonates. Regarding MRSA carriage
among neonates, a low frequency of vaginal examination
after hospitalization (<2) (RR, 5.5; 95% CI, 1.5-19.9)
was a risk factor. The aRRs and 95% CIs between the S.
aureus carriage of neonates and S. aureus nasal carriage,
S. aureus vaginal carriage, and S. aureus nasal and vaginal
carriage of mothers were 2.8 (95% CI, 1.6—4.8), 7.1 (95%
CI, 4.1-12.4), and 9.6 (95% CI, 4.2-22.4), respectively.
However, after adjustment, there was still no statistically
significant association of MRSA carriage between mothers
and neonates (Tables 1 and 2).

In S. aureus isolates, the NNH for nasal carriage of moth-
ers in neonates was 25 (15-71), that for vaginal carriage of

mothers was 4 (2-36), and that for both nasal and vaginal
carriage of mothers was 33 (28-38). In MRSA isolates, the
NNH for nasal carriage of mothers in neonates was 138 (—54
to 30), that for vaginal carriage of mothers was 23 (21 to
7), and that for both nasal and vaginal carriage of mothers
was 42 (-39 to 12).

In addition, 133 mothers were found to have S. aureus
vaginal carriage and 60 neonates were found to have S.
aureus carriage; however, only 21 maternal-neonatal pairs
had S. aureus carriage. Fourteen of those pairs were concor-
dant pairs for S. aureus carriage. Six of these 21 pairs had
MRSA carriage, and six were concordant pairs for MRSA
carriage (Figure 1).

Phenotypic characteristics of S. aureus
and MRSA isolates

There were no significant differences in antibiotic resistance
between S. aureus of the mothers and S. aureus of the neo-
nates except for teicoplanin. For MRSA isolates, there was no
significant difference in antibiotic resistance between nasal
MRSA of the mothers and MRSA of the neonates. Regard-
ing the significant difference in antibiotic resistance between
vaginal MRSA of the mothers and MRSA of the neonates,
only teicoplanin was significant (Table 3). In addition, 14
pairs showed the same antibiotic resistance pattern with the
most predominant pattern being resistant to both penicillin
and clindamycin (12, 85.7%) (Figure 1).

Molecular characteristics of S. aureus and
MRSA isolates

There was no significant difference in toxin genes in S. aureus
between the mothers and S. aureus of the neonates except
for the Eta gene. There was no significant difference in toxin
genes in MRSA isolates between the mothers and neonates
(Table 3).

For the SCCmec-type results, the most predominant
type among 15 neonatal MRSA isolates was NT (8, 53.3%),

Table | Multivariate analysis of influencing factors among neonates with Staphylococcus aureus and MRSA carriage in Shenzhen, 2015

Microbial carriage S. aureus MRSA
of mothers RR (95% CI)  aRR (95% Cl)> P-value® NNH RR (95% Cl) aRR (95% CI)* P-value® NNH

(95% CI)* (95% Cl)°
Nasal carriage 2.7 (1.6-4.4) 2.8 (1.6-4.8) <0.001 25 (15-71) 1.7 (0.4-7.5) 2.0 (0.4-8.9) 0.066 138 (54 to 30)
Vaginal carriage 6.9 (4.1-11.7) 7.1 (4.1-12.4) <0.001 6 (4-11) 2.6 (0.6—-11.3) 2.9 (0.6-12.9) 0.067 23 (-2l to 7)
Both nasal and vaginal  10.2 (4.6-22.5) 9.6 (4.2-22.4) <0.001 8 (4-46) 42 (0.6-31.6) 5.5 (0.7-41.9) 0.056 42 (-39 to 12)

carriage

Notes: *Adjusted for vaginal delivery, frequency of vaginal examination after hospitalization, premature rupture of membranes, and gender of neonates. *Adjusted for the

frequency of vaginal examination after hospitalization.

Abbreviations: MRSA, methicillin-resistant S. aureus; RR, relative risk; aRR, adjusted relative risk; Cl, confidence interval; NNH, number needed to harm.
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Table 2 Univariate analysis of influencing factors among neonates with Staphylococcus aureus and MRSA carriage in Shenzhen, 2015

Influencing factors S. aureus (n=60) MRSA (n=15)
N Positive (%) %*2 P-value Positive (%) x2 P-value

Mothers
Nasal carriage 473 29 (6.1) 16.24 0.00 2(1.9) NA 0.21
Vaginal carriage 133 21 (15.8) NA 0.00 1 (3.2) NA 0.23
Both nasal and vaginal carriage 60 9 (15.0) NA 0.00 0(0) NA 0.78
Age (>35 years) 114 544 NA 0.49 0(0) NA 0.31
Education (below high school) 1287 46 (3.6) 1.57 0.21 12 (0.9) NA 0.38
Vaginal delivery 1420 54 (3.8) NA 0.02 13 (0.8) NA 0.54
Natural impregnation 1809 60 (3.3) NA 1.00 15 (0.8) NA 1.00
First pregnancy 606 20 (3.3) 0.002 0.964 4(0.7) 0.28 0.60
First parturition 924 26 (2.8) 1.24 0.27 6 (0.7) 0.66 0.42
History of abortion 660 18 (2.7) 0.71 0.40 5(0.8) 0.06 0.8l
Frequency of vaginal examination after 533 29 (5.4) 5.97 0.02 10 (1.9) NA 0.007
hospitalization (<2)
Vaginitis 150 4(2.7) NA 0.8l 1 (0.7) NA 1.00
Premature rupture of membranes 364 6(1.7) 3.88 0.049 0(0) NA 0.05
Days of hospitalization (>3) 1372 40 (2.9) 1.53 0.22 8 (0.6) NA 0.12
Weeks of pregnancy (<37) 15 1 (6.7) NA 0.44 0(0) NA 1.00
Tobacco use during pregnancy 5 0(0) NA 1.00 0(0) NA 1.00
Antibiotic use during pregnancy 115 3 (2.6) NA 0.68 1 (0.9) NA 1.00
Pet owner 72 3(4.2) NA 0.51 1 (1.4) NA 0.45

Neonates
Male gender 991 40 (4.0) 3.99 0.046 8(0.8) 0.003 0.96
Birth weight (<2500 g) 52 1(1.9) NA 1.00 0(0) NA 1.00
Admission to neonatology ward 162 4 (2.5) NA 1.00 0(0) NA 1.00
Apgar |st minute <3 0 0(0) NA NA 0(0) NA NA
Apgar 5th minute <6 0 0(0) NA NA 0(0) NA NA

Notes: N indicates the number of patients for whom information was available; n indicates the number of isolates. This was a univariate analysis of influencing factors.

Abbreviations: NA, not applicable; MRSA, methicillin-resistant S. aureus.

followed by type IV (4, 26.7%), 11 (2, 13.3%), and I (1,
6.7%). The most predominant type among 104 maternal
nasal MRSA isolates was type IV (54, 51.9%), followed by
NT (30, 28.9%), 11 (12, 11.5%), and I (8, 7.7%). The most
predominant type among 31 maternal vaginal MRSA isolates
was type I (11, 35.5%), followed by IV (9, 29.0%), NT (8,
25.8%), and II (3, 9.7%). MRSA isolates of both mothers
and neonates were from communities.

There were 13 CC types and 78 STs of S. aureus isolates
in this study. The three most predominant were CC5, CC7,
and CC59. For MRSA isolates, there were 11 CC types and
30 STs in this study. The three most predominant were CC5,
CC59, and CC45. The distributions of CCs on S. aureus
(1*=0.033, P=0.678) and MRSA (*=0.121, P=0.501) isolates
between mothers and neonates had no significant differences
(Figure 2).

In addition, zero, one, three, and zero pairs were positive
for Pvi, Tst, Eta, and Etb genes, respectively. Four pairs were
SCCmec type 1V, one was type II, and one was NT. CC5
and ST188 were the most predominant CC and ST, respec-
tively. Fourteen (70.0%) pairs showed the same molecular

characteristics including toxin genes, SCCmec type, CC,
and ST (Figure 1).

Discussion

The prevalence of S. aureus nasal carriage in pregnant
women was 25.8%. This rate is similar to what has been
observed in other studies.?3 However, the prevalence
of MRSA was 5.7%, which is higher than that has been
observed in other studies.!*3334 The prevalence of S. aureus
vaginal carriage in pregnant women was 7.3%, which was
higher than that in an American study (2.3%, 10/432),%
a Colombian study (5.0%, 5/100),%¢ and a French study
(5.9%, 67/1139)." The prevalence of MRSA vaginal car-
riage in pregnant women was 1.7%, which is higher than
that in two American studies ([0.2%, 1/432]* and [0.7%,
19/2702]'%), a Colombian study (1.0%, 1/100),*® a Chi-
nese study (0.5%, 15/2963),° and a Japanese study (0%,
0/4067).%" In the current study, the prevalence of S. aureus
and MRSA vaginal carriage was lower than that of nasal
carriage in pregnant women, which was similar to other
observed studies.'**® The prevalence of S. aureus with
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959M 45 508 + - -+ - - I
244 1018N* 88 88 - + - -
1018M* 88 88 - + - -
36.73 1204M 88 88 - _ - -
244 230N 88 78 - - - - -
239M* 88 78 - - - - — _
1204N 88 78 - - - - - =
313M* 5 188 - - - - _
313N* 5 188 - - -~ - _
367M* 5 188 - - - - -
367N* 5 188 - - - - -
1120N 5 188 - - - -+
1120M 5 1462 - - - -+ -
1125M* 5 188 + + - -+ - I
3.50 1125N* 5 188 + + - - + - Il
714 2147M* 5 188 - + - - -
0.60 2147N* 5 188 - + - - - _
1042 744 2169\ 5 188 - - - - - _
274 959N* 5 188 + - -+ - I
2169M 5 1047 - - - - - _
19.90 744M* 5 1 - + _ _ _ _
(AL PPING 5 1 - + - - -
2.86 2369M 5 1 _ + - -
786 7.14  1923M* 5 573 - - - - - _
1.40 10.00 1923N* 5 573 - - - - -
6.12 2369N 5 2518 - + - - - _
782N 5 6 + + _ _ _ _ v
2143 1116M* 5 6 - _ -+
286 1116N* 5 6 - - - -+ =
21.43 802M* 5 965 + - - - - I
13.48 802N* 5 965 + - - - - _ I
2029M* 7 7 - - - - -
1.06 2029N* 7 7 - - - - -
24.29 2493M* 7 7 - + -~ - _
714 2493N* 7 7 _ + L
40.23 714 2289M* 2483 2483 - - - - - =
2289N* 2483 2483 - - - - -
558M* 59 59 + + - - - - NT
714 558N~ 59 59 + + - - - _ NT
1.79 1071M 59 59 + . i
3984 T 7N 59 2207 + - - - - I
8.93 782M 59 537 + - - - - v

Figure | Clonal dendrogram and detailed information of Staphylococcus aureus for mother—neonate pairs in Shenzhen, 2015.
Notes: *This pair was concordant (with the same phenotypic and molecular characteristics). MDR, multidrug resistance, resistant to no less than three antibiotic classes.

Abbreviations: M, mother; N, neonate; CC, clonal complex; MLST, multilocus sequence typing; MRSA, methicillin-resistant S. aureus; Pvl, Panton—Valentine leukocidin; Tst,

toxic shock syndrome toxin; Eta, exfoliative toxin A; Etb, exfoliative toxin B; SCCmec, staphylococcal cassette chromosome mec; NT, non-typeable.
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Table 3 Phenotypic and toxin genetic characteristics of Staphylococcus aureus and MRSA isolates between neonates and mothers (nares

and vagina) in Shenzhen, 2015, n (%)

Characteristics  S. aureus MRSA
Neonates Mothers, Mothers, P-value* P-value® Neonates Mothers, Mothers, P-value* P-value®
(n=60) nasal vaginal (n=15) nasal vaginal
(n=473) (n=133) (n=104) (n=31)

Phenotypic (resistant)
EM 28 (46.7) 224 (47.4) 67 (50.4) 0.920 0.633 13 (86.7) 80 (76.9) 24 (77.4) 0518 0.696
PCN 56 (93.3) 433 (91.5) 123 (92.5) 0.635 1.000 13 (86.7) 101 (97.1) 29 (93.6) 0.119 0.587
GM 5(8.3) 31 (6.6) 11 (83) 0.585 1.000 2 (13.3) 6 (5.8) 5(le6.1) 0.265 1.000
CM 17 (28.3) 163 (34.5) 55 (41.4) 0.344 0.083 10 (66.7) 60 (57.7) 20 (64.5) 0.509 0.886
RFP 5(8.3) 37 (7.8) 3(2.3) 0.802 0.110 3 (20.0) 25 (24.0) 2 (6.5) 1.000 0311
LZD 2 (3.3) 16 (3.4) 5(3.8) 1.000 1.000 1 (6.7) 5(4.8) 309.7) 0.563 1.000
MXF 3 (5.0 40 (8.5) 18 (13.5) 0.457 0.078 3 (20.0) 6 (5.8) 9 (29.0) 0.086 0.723
TMP/SMX 8(13.3) 40 (8.5) 19 (14.3) 0214 0.860 4(26.7) 13 (12.5) 6 (19.4) 0.227 0.706
TEC 12 (20.0) 227 (48.0) 108 (81.2) 0.000 0.000 4 (26.7) 54 (51.9) 23 (74.2) 0.067 0.002
TOB I1(18.3) 109 (23.0) 36 (27.1) 0410 0.191 2 (13.3) 21 (20.2) 12 (38.7) 0.733 0.099
MDR 23 (38.3) 244 (51.6) 86 (64.7) 0.053 0.001 12 (80.0) 83 (79.8) 26 (83.9) 1.000 1.000

Toxin genetic (positive)
Pvi 3 (5.0 22 (4.7) 3(2.3) 0.753 0.377 0(0) 13 (12.5) 2 (6.5) 0.368 1.000
Tst 2 (3.3) I (2.3) 3(2.3) 0.648 0.647 0(0) 3(2.9) 1 (3.2) 1.000 1.000
Eta 7(11.7) 13 (2.8) 4 (3.0 0.004 0.037 2 (13.3) 2(1.9) 1 (3.2) 0.077 0.244
Etb 0(0) 1 (0.2) 0(0) 1.000 NA 0(0) 1 (1.0) 0(0) 1.000 NA

Notes: *P-value was calculated as the proportion of S. aureus/MRSA isolates between neonates and mothers’ nares. °P-value was calculated as the proportion of S. aureus/
MRSA isolates between neonates and mothers’ vaginas. MDR, multidrug resistance, resistant to no less than three antibiotic classes.

Abbreviations: MRSA, methicillin-resistant S. aureus; n, number of isolates; EM, erythromycin; PCN, penicillin; GM, gentamicin; CM, clindamycin; RFP, rifampicin; LZD,
linezolid; MXF, moxifloxacin; TEC, teicoplanin; TOB, tobramycin; TMP/SMX, trimethoprim-sulfamethoxazole; Pvl, Panton—Valentine leukocidin; Tst, toxic shock syndrome

toxin; Eta, exfoliative toxin A; Etb, exfoliative toxin B; NA, not applicable.

both nasal and vaginal carriage among pregnant women
was 3.3%, which was higher than a Colombian study
(2.0%, 2/100).%¢ The prevalence of MRSA with both nasal
and vaginal carriage among pregnant women was 0.5%,
which was higher than a Colombian study (0%, 0/100).3
The prevalence results demonstrate the higher burden of
MRSA than S. aureus isolates, which might result from
the overuse of antibiotics during pregnancy in China and
should be further explored. The higher burden of vaginal
isolates than nasal isolates among pregnant women illus-
trates that pregnant women should pay greater attention to
their vaginal cleanings.

The incidence of S. aureus carriage in neonates was
3.3%, which was lower than that of healthy neonates within
6 days of birth in a Japanese study (10.1%, 305/3020),
healthy neonates within 1 month of birth in an American
study (3.8%, 15/399),% neonates in a Greek study (17.2%,
22/128),2 and neonates from the NICU in a Taiwanese
study (13.2%, 33/251).%° The incidence of MRSA car-
riage in neonates was 0.8%, which was lower than that
of neonates from an NICU in a Taiwanese study (4.4%,
11/251)*° and neonates from an NICU in two Italian studies
([25.9%, 187/722]* and [22.9%, 217/9497%) but higher than

healthy neonates within 6 days of birth in a Japanese study
(0.4%, 12/3020)*” and healthy neonates within 1 month
of birth in an American study (0.3%, 1/399).3° The results
demonstrated that the incidence of S. aureus carriage in
neonates in the current study was lower than that in many
other countries and regions. This might be related to the
good hygiene of mothers and clean hospital environments.
However, the incidence of MRSA carriage in neonates
was lower than that in NICU neonates but was higher than
that in healthy neonates from other countries and regions,
which demonstrates that the incidence of MRSA carriage
in neonates of this current study was not low and should be
paid greater attention. Moreover, the prevalence of isolate
carriage among 414 mothers with caesarian section was
as follows: S. aureus (nasal, 28.0%; vaginal, 8.5%; and
nasal and vaginal: 3.6%) and MRSA (nasal, 5.3%; vaginal,
2.2%; and nasal and vaginal: 1.0%). We found that several
neonates not born by vaginal delivery had S. aureus (1.5%,
6/414) and/or MRSA (0.5%, 2/414) carriage, which might
be transmitted from S. aureus and MRSA contamination
in the hospital environment or S. aureus and MRSA car-
riage on the hands of health care workers; this possibility
requires further exploration.
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Figure 2 Distribution of CCs by neonates and mothers.

Sample source

Notes: Singleton refers to STs that could not be assigned to any group in Shenzhen, 2015. (A) Distribution of CCs on Staphylococcus aureus isolates by neonates and mothers.

(B) Distribution of CCs on MRSA isolates by neonates and mothers.

Abbreviations: CC, clonal complex; ST, sequence type; MRSA, methicillin-resistant S. aureus.

In the current study, neonates born through vaginal
delivery were 2.9 times more likely to have S. aureus car-
riage, which was similar to other studies.?'*! Male neonates
were 1.7 times more likely to have S. aureus carriage than
female neonates, which was similar to other studies.*>*
Neonates whose mothers had a low frequency of vaginal
examination after hospitalization (<2) were 1.8 times more
likely to have S. aureus carriage, which might be explained
by the fact that mothers with a high frequency of vaginal
examination might have an increased awareness of the
importance of vaginal cleaning; this should be further
explored. Low frequency of vaginal examination after

hospitalization (<2) was a risk factor for MRSA carriage
among neonates.

The proportions of antibiotic resistance in S. aureus
and MRSA isolates among both mothers and neonates
were similar to other studies.*!”22 However, the propor-
tions of MDR in neonatal MRSA isolates, maternal nasal
MRSA isolates, and maternal vaginal MRSA isolates
were 80.0%, 79.8%, and 83.9%, respectively, which were
higher than other published studies and should be noticed
by health care workers when selecting antibiotics.®!72244
There were few significantly different proportions of anti-
biotic resistance of S. aureus and MRSA isolates between

562 submit your manuscript
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the mothers and neonates, which might demonstrate the
similar antibiotic-resistant spectrum of isolates between
mothers and neonates.

The proportions of toxin genes in S. aureus and MRSA
isolates among both mothers and neonates were also similar
to other studies.>***3%4 Moreover, there were few significantly
different proportions of toxin genes of S. aureus and MRSA
isolates between the mothers and neonates, which might
demonstrate the similar toxin rates of isolates between moth-
ers and neonates.

Most MRSA nasal isolates among the mothers and neo-
nates were CA-MRSA, but most MRSA vaginal isolates
of the mothers were HA-MRSA. This result was similar to
other studies and might demonstrate the presence of cross-
transmission between communities and hospitals.*7214

CC5, the most predominant CC type of S. aureus and
MRSA isolates, was reported to be the main CC type of
HA-MRSA.* The distributions of CC types of S. aureus
and MRSA isolates between the mothers and neonates
were similar and demonstrated that there was a phylo-
genetic relatedness of isolates between the mothers and
neonates.

We found that there were positive associations of S.
aureus carriage between the mothers and neonates. The aRR
and 95% CI between S. aureus carriage of the neonates and
two-site carriage (both S. aureus nasal and vaginal carriage)
of the mothers were higher than single S. aureus carriage,
which suggests the higher risk of the two-site carriage.
The aRR of S. aureus nasal carriage of the mothers among
neonates was higher than that in an African study (odds
ratio [OR], 2.5; 95% CI, 1.6-4.0)." The aRR of S. aureus
vaginal carriage of the mothers among neonates was higher
than that in an American study (RR, 4.8; 95% CI, 2.4-9.5),*!
an Israelite study (RR, 5.7; 95% CI, 2.3-13.9),'® a Dutch
study (OR, 2.0; 95% CI, 1.2-3.6),* and an African study
(OR, 2.6; 95% CI, 1.3-4.9)." The results demonstrated
that S. aureus vertical transmission is more hazardous on
S. aureus carriage in neonates in China. In addition, we
performed analyses for NNHs regarding the carriage of S.
aureus isolates and showed that the potential harms were
similar to the results of the RRs. Therefore, our findings
suggest that S. aureus maternal carriage plays a role in the
S. aureus carriage of neonates. Further research is necessary
to determine whether effective decolonization of S. aureus
carriage in mothers is able to reduce the risk of S. aureus
carriage in neonates.

This study contributes to the existing literature because
we assessed the maternal-neonatal associations of S.

aureus and MRSA carriage in China, which has not been
previously published. The phenotypic characteristics
of S. aureus and MRSA isolates between mothers and
neonates were significantly different, indicating that the
phenotypic characteristics of the isolates between moth-
ers and neonates are similar. With regard to the molecular
characteristics of S. aureus and MRSA isolates between
mothers and neonates, the differences of most genes were
insignificant, which could also illustrate that the molecular
characteristics of isolates between mothers and neonates
are similar. Moreover, 14 maternal-neonatal pairs showed
the same culture results, phenotypic and molecular char-
acteristics. From these aspects, we could assess that there
was transmission of S. aureus and MRSA between the
mothers and neonates.

The strengths of this study are that it used a longitudinal
cohort design in which the participants and researchers
were blinded to the exposure status to answer a directed
research question about whether S. aureus or MRSA car-
riage of mothers is an independent predictor of S. aureus
or MRSA carriage of neonates. We accounted for other
potential influencing factors for S. aureus and MRSA
carriage of neonates in our analyses. Second, we sampled
multiple body sites to account for their potential contri-
bution. Cultures from one body site cannot identify all S.
aureus and MRSA carriers, and cultures from multiple
sites (versus the nares only) may increase the sensitivity
of screening for S. aureus and MRSA.* Third, the sample
size of this study was relatively larger than many other
published studies.!”!%2*22 Finally, to our knowledge, this
study helped elucidate the maternal-neonatal association
of S. aureus and MRSA isolates not only by culture results
but also through the phenotypic and molecular character-
istics of isolates.

This study also has some limitations. First, environmen-
tal contamination of S. aureus and MRSA of hospitals and
S. aureus and MRSA carriage of health care workers could
not be taken into consideration because of limited funding.
Second, we could not explore the persistent status of S. aureus
and MRSA carriage in both mothers and neonates because
of limited time. Third, we do not offer decolonization to neo-
nates and whether this intervention would improve the health
of neonates is scientifically unproven. Fourth, there may be
some bias in reaching the conclusion of the study results in
regard to high, moderate, or low carriage rates because of
the different study designs, swab acquisition age, and swab
site of the cited studies. Finally, whole-genome sequencing
would further strengthen this study.
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