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Neonatal Thrush Is Not Associated with Mode of
Delivery
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Purpose: Thrush is an opportunistic infection of the buccal cavity by the organism Candida albicans. It
is most commonly seen in infants and becomes relatively uncommon between 6 to 9 months of age im-
plying the infection is possibly dictated by risk factors present at or around the time of birth. The objec-
tive of this study is to determine if there is an association between the development of thrush and cesar-
ean delivery, as we hypothesize.

Methods: Neonatal records were obtained through retrospective chart review of the past 10 years
from an outpatient clinic and hospital records in Sandusky Ohio. ICD 9 and 10 codes for thrush and
well child visit were used to identify patients. Statistical analysis performed on the data included: multi-
variable logistic regression, x” test of association, and nonparametric x* test of goodness-of-fit.

Results: A total of 636 patient records were reviewed, with 127 having a diagnosis of thrush and 509
without the diagnosis. A multivariable logistic regression indicated that during the first year of life, chil-
dren born by cesarean section were no more likely to develop thrush compared with those born by vagi-
nal delivery, controlling for age and sex of the neonate as well as parity and group B streptococcus sta-
tus of the mother.

Conclusion: This study demonstrated that there is no significant correlation between the mode of
delivery and the development of thrush. It is reasonable to conclude that of the many factors associated

with neonatal thrush development, mode of delivery is likely not one of them. (J Am Board Fam Med

2018;31:537-541.)
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Thrush is an opportunistic infection of the buccal
cavity by the commensal organism Candida albicans.
Colonization by Candida yeast is thought to occur
at an early age, with the organism being acquired
during passage through the birth canal, nursing, or
from food. There are approximately 200 species in
the genus Candida and within this group, C. albicans
accounts for nearly 75% of all candidal infections.
Thrush occurs, in part, when innate and acquired
host-defense mechanisms do not act in concert
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with the resident bacterial flora. This leads to an
imbalance within the system, providing an ecolog-
ical advantage for C. albicans to flourish." In most
cases, thrush is limited to the neonatal and infant
periods of life. Thrush is also associated with im-
munocompromised or polyendocrine disorders as
well as iatrogenic causes, such as antibiotic or ste-
roid use. Thrush is seen in as many as 37% of
newborns during the first month of life and is
associated, internationally, with poorly nourished
populations.” In mild cases, the disease is typically
self-limiting but is associated with discomfort; this
becomes concerning in newborns, as it can affect
their ability to feed. Thrush occurs equally in males
and females.” The disease is rare during the first
week of life, with incidence peaking around the
fourth week of life; it becomes uncommon after 6
months to 9 months of age once the child’s immune
system has established itself.? Thrush, however, can
occur at any age in predisposed patients.
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Due to the temporal nature of thrush, along with
its predilection of the neonate without gender spec-
ificity, it is thought that this disease may, in part, be
influenced by disruption in the infant’s oral micro-
biota.! There has been research demonstrating that
there is a difference between the oral bacteria of
vaginally-delivered versus cesarean-delivered neo-
nates.” There is considerable research on the mi-
crobiome of the neonate’s intestines, along with
several studies that have correlated a difference
between the intestinal microbiota of vaginally-de-
livered versus cesarean-delivered neonates.™**%’
Mode of delivery has also shown association with
differences in the occurrence of atopic diseases,
such as eczema and asthma®®'® as well as inflam-
matory bowel disease'' and obesity.'? Therefore,
these known findings suggest the oral microbiota,
which is influenced by the mode of delivery, could
possibly influence the neonate’s susceptibility to
oral candidal stomatitis. T'o our knowledge there is
only 1 study that looked at the association between
the mother’s vaginal colonization with candida at
the time of birth and the neonates development of
thrush. This study explored the direct transfer of
candida to the neonate and did not look into
whether the development of thrush, or lack thereof,
was associated with the transfer of protective flora
from the mother."”* The goal of this study was to
investigate the association of mode of delivery and the
development of thrush within the first 12 months of
life.

Methods

Institutional review board exemption was obtained
based on the retrospective nature of this study and
the removal of identifiable information by the elec-
tronic medical records during the initial data col-
lection, leaving behind medical record number,
age, sex, mother’s parity, group B streptococcus

Table 1. International Classification of Diseases Codes
Used in Study

Thrush Well Visit

ICD-10 112.0 Z700.110
Z000.111
Z7000.121

ICD-9 B37.0 V20.2
V20.31
V20.32

(GBS) status, and thrush ICD codes. Data were
collected from Family Health Services of Erie
County (FHS) and birth records from Firelands
Regional Medical Center, both located in San-
dusky, Ohio.

Records from the past 10 years at FHS and ICD
codes (Table 1) were used to identify study partic-
ipants, due to lack of an electronic medical record
before 2007. ICD 9 and 10 codes for oral candidi-
asis were used to identify patients who had a diag-
nosis of thrush before 12 months of age and each
child was only counted once. The mode of delivery
in these patients was obtained from birth records
from Firelands Regional Medical Center. Other
variables, age and sex of the neonates as well as the
mother’s parity and GBS status, were also obtained
and explored as potential confounding variables.

The control group was selected from the FHS
population by using ICD 9 and 10 codes (Table 1)
for well-child visits; this generated 2391 total po-
tential patients. The data were again refined to 509
randomly selected patients, with the use of Mi-
crosoft Excel’s randomization function. This was
done to achieve a strong statistical power by using
a 1:4 ratio of thrush to control while compromising
for time consideration of the study.

Twelve months of age was used as the cut off in
selection criteria, because maternal protection be-
stowed to the neonate starts to wane around the
6-month mark and is reasonably gone by 12
months of age.'"* Furthermore, long-term coloni-
zation is probably responsible for eliciting the cir-
culating immunoglobulin-G (IgG) and mucosal se-
cretory immunoglobulin-A (S-IgA) antibodies to C.
albicans that are detectable in most healthy individ-
uals. It is likely these host defenses, along with
circulating leukocytes and macrophages, help re-
strict C. albicans superficial growth on the mucosal
surfaces.! Lastly, 12 months is the point in time
when infants, in the United States, start to receive
their first live-attenuated vaccine.'” For the pur-
poses of this study, we consider the adaptive im-
mune system to be working in individuals by this
point in time due to the delivery of live vaccines.

Gestational age of less than 34 weeks was ex-
cluded in both groups due to prematurity being a
risk factor for a lower birth weight, which corre-
lates with an increased risk of oral candidal infec-
tions. All neonates in this study were well above the
cut off of 2000 g at birth, which is what most
articles reference as a risk factor for oral candidia-
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Table 2. Thrush Population Characteristics

Male (n = 68) Female (n = 59)
Cesarean section birth 25 13
Vaginal birth 43 46
GBS+ 13 12
GBS— 36 28
Unknown GBS status 18 19
Nulliparous 15 22
Multiparous 41 22
Unknown parity 12 15

GBS, group B streptococcus.

sis.'®!718 Mode of delivery, vaginal versus cesarean
section, was used as the exposure arm of the study.

Various statistical methods were used in this
study. These included the multivariable logistic re-
gression, unadjusted x” test of association, and non-
parametric ” test of goodness-of-fit. Statistical sig-
nificance was evaluated at P = .05. Variables also of
interest included age, sex, mother’s parity, and GBS
status, which were also used for subanalysis regarding
thrush risk. It was assumed that a positive GBS
status in the mother indicated antepartum anti-
biotic use. Due to the retrospective design of this
study, some data could not be obtained. If the
mode of delivery could not be determined, these
neonates were excluded from the study. Data of
the mother’s parity and GBS status could not be
completely accounted for, as seen in Table 2 and

Table 3.

Results

In all, 636 patients’ medical records were obtained
and reviewed (Table 2, Table 3). Of these, 127
participants who were all greater than 34 weeks of
gestation at birth were identified with a diagnosis of

Table 3. Well-Child Population Characteristics

Male (n = 260) Female (n = 249)

Cesarean section birth 97 67
Vaginal birth 163 182
GBS+ 42 44
GBS- 122 112
Unknown GBS status 96 93
Nulliparous 64 56
Multiparous 122 124
Unknown parity 74 69

GBS, group B streptococcus.

thrush before 12 months of age. The unadjusted x*
analysis showed no statistically significant associa-
tion between thrush and mode of delivery (P =
.619). (Table 4) This result was also consistent with
that obtained from a multivariable logistic regres-
sion that indicated that during the first year of life,
children born by cesarean section were no more
likely to develop thrush compared with those born
by vaginal delivery (P = .533; odds ratio [OR],
1.190; 95% CI, 0.688-2.06) (Table 5), controlling
for the effects of age and sex of the neonate and the
parity and GBS status of the mother. One intrigu-
ing result, however, was that neonate sex was mar-
ginally predictive of mode of delivery (P = .032;
OR, 1.64; 95% CI, 1.04-2.57) (Table 5). That is,
male neonates were more likely to be delivered
vaginally when compared with female neonates.

Discussion

Our study found that there is no significant associ-
ation between the mode of delivery and the devel-
opment of thrush in the first year of life. Through
extensive literature searches, we have been unable
to find any previous studies that support or refute
these findings. Current knowledge of thrush does
demonstrate many models as to why C. albicans can
become an opportunistic infection of the buccal
cavity. It is reasonable to conclude that the devel-
opment of thrush is multifactorial; however, mode
of delivery likely does not contribute, based on
these findings.

Although it should be noted that in other studies
thrush is known to peak around the fourth week of
life,> this study may reflect only the prethreshold
relationship between mode of delivery and the in-
cidence of thrush (eg, before 12 months of age).
Carving out the threshold or postthreshold rela-
tionships would require extending the study to a
later age of life.

Furthermore, these results showed a marginal
association between child’s sex and mode of deliv-
ery. Other reports have noted a higher relative risk
of cesarean sections with male neonates; this re-
search would contradict this notion.'” We would
consider this a spurious correlation in the sense of
it being statistically significant but perhaps clini-
cally insignificant in its practical application. This
said, there may be the need to explore this phe-
nomenon further to conclusively establish if indeed
this observed association was purely due to chance
or a real development worthy of clinical attention.
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Table 4. Statistical Tests

Asymptotic Significance

Exact Significance Exact Significance

Value df (2-sided) (2-sided) (1-sided)
Pearson x> 0.248 1 .619
Continuity correction 0.153 1 .696
Likelihood ratio 0.250 1 617
Fisher’s exact test 671 350
Linear-by-linear association 0.247 1 .619
Valid cases, N 636
Table 5. Variables in the Equation
95% CI for Exp

B SE Wald df Sig.* Exp# Lower Upper
Thrush 0.174 0.280 0.388 1 0.533 1.190 0.688 2.060
Sex -0.494 0.230 4.620 1 0.032 0.610 0.389 0.957
Parity —-0.321 0.246 1.708 1 0.191 0.725 0.448 1.174
GBS —-0.034 0.258 0.017 1 0.895 0.967 0.583 1.602
Constant —-0.757 0.337 5.054 1 0.025 0.469

CI, confidential interval; GBS, group B streptococcus; SE, standard error.

*Sigma.
#Exponential distribution.

The strengths of this study include' a popula-
tion-based retrospective study?, a relatively self-
contained unified health care system’
ment of subjects by applying predetermined criteria
through a comprehensive medical record review,
and* reasonable statistical power because of the
moderately large sample size.

Nonetheless, there are also inherent limitations
of this study because of its retrospective design.
The incidence of thrush may have been underre-
ported in the medical records, potentially with less
severe cases going unmentioned. Potential con-
founding variables were not included in the model,
such as exposure to day care, siblings, or family
members who may have transmitted the candidal
species to the patient. Oral candidiasis has been
reported to be strongly associated with socioeco-
nomic status, which was not taken into consider-
ation in this study. The studied population likely
mimicked the population of Erie County, Ohio,
where FHS and Firelands Regional Medical Center
are located. The local population is predominantly
white/not Latino (83.7%) and is not representative
of the US population as a whole.”® It was also
assumed that all children in the study have an
adequate innate immune system, which may have
not been the case. The main limitation of this study

, ascertain-

was in the data collection process; the diagnosis of
thrush was only captured if the patient presented to
FHS, an outpatient clinic, not to the emergency
department. It was also difficult to find a structured
way to obtain a control population; therefore, well-
child visits were used, which captured most of the
children within FHS, spanning over the past 10
years.

This study looked at infants with a diagnosis of
thrush within the first 12 months of life and the
relationship to vaginal or cesarean delivery. Other
studies have shown differences in oral and gut mi-
crobiota as well as varying potential for asthma,
eczema, and obesity based on the mode of delivery.
As a result of this study, we conclude that it does
not seem that mode of delivery has an impact on
the development of thrush within the first 12
months of life, but further research is warranted.

To see this article online, please go to: bttp://jabfim.org/content/
31/4/537 full.
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