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Background: To determine whether the presence of intra-
amniotic infection and elevated proinflammatory cytokine 
levels in amniotic fluid (AF) are associated with failure in the 
newborn hearing screen (NHS) test in very preterm neonates.
Methods: This is a retrospective cohort study of 112 prema-
ture singleton neonates born to women with preterm labor 
or preterm premature rupture of membranes at ≤32 wk. AF 
obtained through amniocentesis was cultured, and interleu-
kin-6 (IL-6) and IL-8 levels were determined.
results: Fourteen (12.5%) neonates failed the NHS test. The 
prevalence of a positive AF culture was 40% (45/112). Multiple 
logistic regression analyses indicated that intra-amniotic infec-
tion was significantly associated with failure in the NHS test 
after adjusting for baseline covariates such as maternal white 
blood cell count (WBC) and periventricular leukomalacia. 
However, the IL-6 and IL-8 levels in AF were not significantly 
associated with hearing screen failure. Moreover, neither ges-
tational age at birth nor birth weight was associated with NHS 
failure.
conclusion: The presence of intra-amniotic infection, but 
not elevated levels of AF IL-6 and IL-8, may contribute to the 
risk for failure in the NHS test in very preterm neonates. This 
finding suggests that intra-amniotic infection in utero might 
contribute to the development of congenital sensorineural 
hearing loss.

Preterm birth is the leading cause of neonatal morbidity, 
especially neurological sequelae, and mortality (1).One of 

the most devastating neurodevelopmental impairmentsexpe-
rienced by preterm neonates during infancy is sensorineural 
hearing loss (SNHL), which leads to functional disability if not 
detected early. The prevalence of SNHL was estimated to be 
1.8–12.8%in very-low-birth-weight neonates (2). Despite the 
clinical relevance and higher prevalence of SNHL in preterm 
neonates, little is known about the risk factors and preventive 
measure, especially antenatally, for the development of SNHL.

Intra-amniotic infection and/or inflammation (defined 
as elevated proinflammatory cytokine levels in amniotic 

fluid (AF)), are strongly associated with preterm birth and 
is detected in up to 42% of women with preterm labor and 
preterm premature rupture of membranes (PROM) (3–6). In 
addition, it has also been well established that intra-amniotic 
infection and/or inflammation are involved in the pathogen-
esis of adverse long-term neonatal neurologic and pulmonary 
sequelae, particularly in the immature organs (7–9). However, 
no rigorous clinical investigation addressing the relation 
between intra-amniotic infection and/or inflammation and 
the development of SNHL has been conducted yet. Recently, 
Leung et al. demonstrated that the fetal inflammatory response 
syndrome, defined as the presence of funisitis and/or cord 
serum interelukin-6 (IL-6) > 18.2 pg/ml, was significantly 
associated with an increased risk of hearing screen failure 
(10). Interestingly, funisitis or elevated IL-6 levels in cord 
blood have been reported to be closely related to infection in 
AF (11,12). These findings suggest the possible association of 
intra-amniotic infection with the pathogenesis of SNHL. It is 
important to clarify this issue because it can potentially lead to 
the development and advancement of strategies, particularly 
starting antenatally, for preventing and treating SNHL. Indeed, 
pharmacological treatments to enhance anti-inflammatory 
properties reduced cochlear spiral ganglion neuronal deaths in 
infant rat models of bacterial meningitis, thereby attenuating 
SNHL (13). Given this result, we aimed to determine whether 
the presence of intra-amniotic infection and elevated pro-
inflammatory cytokine levels in AF are associated with hearing 
screen failure in very preterm neonates. We selected AF IL-6 
and IL-8 as markers of intra-amniotic inflammation because 
these cytokines have been reported to be the strongest predic-
tors of adverse pregnancy outcomes, including intra-amniotic 
infection, preterm birth, and long-term neurologic and pul-
monary sequelae (4,7,8,14,15).

METHODS
This retrospective cohort study was approved by the local ethics 
committee at Seoul National University Bundang Hospital (IRB no. 
B-1105/128-102). The study population consisted of all consecu-
tive women with preterm labor or preterm PROM, and their infants 
born between 23 + 0 and 32 + 0 wk gestation who were admitted to a 
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neonatal intensive care unit (NICU) between July 2004 and September 
2012. The inclusion criteria were as follows: (i) singleton gestation; 
(ii) infants whose mothers underwent trans-abdominal amniocente-
sis for the evaluation of the microbiologic and inflammatory status 
of the amniotic cavity on admission; (iii) infants who survived for at 
least 90 d after birth; and (iv) infants who underwent hearing screen-
ing examinations. The exclusion criteria were twin or higher-order 
multiple births, major congenital anomalies, and transfer to another 
hospital after amniocentesis. Gestational age was calculated from the 
first day of the last menstrual period, and confirmed with first- or 
second-trimester ultrasonography. Written informed consent was 
obtained from all patients for the amniocentesis procedure, and for 
the collection and use of AF samples.

Trans-abdominal amniocentesis was performed with ultrasound 
guidance, and the aseptically obtained AF was cultured for aero-
bic and anaerobic bacteria and genital mycoplasma, and analyzed 
for white blood cell count (WBC) according to previously detailed 
methods (16). The remaining AF was centrifuged at 1,500g at 4 °C for 
10 min, and the supernatant was aliquoted and immediately stored 
at −70 °C until assayed. IL-6 and IL-8 in stored AF were measured 
by using an enzyme-linked immunosorbent assay human DuoSet Kit 
(R&D Systems, Minneapolis, MN). The range of the IL-6 and IL-8 
standard curves was 7.8–600 and 31.2–2,000 pg/ml, respectively. All 
samples were assayed in duplicate. The intra- and inter-assay coef-
ficients of variation for two different proteins were <10% and <15%, 
respectively. Amniocentesis has been routinely offered at our insti-
tution to patients who were admitted with the diagnosis of preterm 
labor and intact membranes or preterm PROM less than 34.0 wk 
to assess the microbial and inflammatory status in amniotic cavity 
or fetal lung maturation. However, the decision for completing an 
amniocentesis was at the discretion of the attending obstetrician. The 
results of AF culture and WBC, but not AF IL-6 and IL-8, were avail-
able to the managing obstetricians and neonatologists. The C-reactive 
protein level and WBC were measured immediately after amniocen-
tesis, and details about these measurements have been previously 
described (16).

Electronic medical records on hearing screen failure in one or both 
ears of the included preterm singleton neonates were reviewed twice 
by two audiologists (J.H.R. and J.H.P.), who were blinded to the results 
of AF analysis and to the maternal and neonatal details. The auto-
mated auditory brainstem response (AABR) was mostly performed 
as a newborn hearing screen (NHS) test; the otoacoustic emission 
test was done in 14 cases for which AABR was not available. If the 
infant failed either the AABR or the otoacoustic emission test, the 
same test was repeated. Neonates who failed two consecutive screen-
ings of either AABR or otoacoustic emission, in one or both ears, were 
classified as having a hearing screen failure. The results were recorded 
as either “refer” (further confirmation tests, such as an auditory brain-
stem response threshold test, needed) or “pass” (normal). Therefore, 
the primary outcome measure was a refer result from one or both ears 
before hospital discharge.

Tissue samples of the placenta were obtained from the placental 
membranes, umbilical cord, and chorionic plate. They were fixed in 
10% neutral-buffered formalin and embedded in paraffin. Sections 
of the tissue blocks were stained with hemotoxylin and eosin. 
Histopathologic examination was performed by experienced board-
certified pathologists who were blinded to the clinical information. 
The presence of acute inflammation was noted and classified as grade 
1 or 2 (Table 1) according to the criteria previously published (17). 
Acute histologic chorioamnionitis was defined as the presence of 
acute inflammatory change in any tissue sample (amnion, chorion-
decidua, umbilical cord, or chorionic plate). Funisitis was diagnosed 
in the presence of neutrophil infiltration into the umbilical vessel 
walls or Wharton’s jelly. For each placenta, the total grade of histologic 
chorioamnionitis was calculated as the sum of histologic grades in 
the amnion (0–2), chorion-decidua (0–2), umbilical cord (0–2), and 
chorionic plate (0–2). Grade 0 (noninflamed placenta) was defined as 
a total grade of histologic chorioamnionitis of zero (0), grade 1 (mild 
chorioamnionitis) as a total grade of histologic chorioamnionitis less 
than or equal to the median value (2) in placentas with leukocyte 

infiltration, and grade 2 (severe chorioamnionitis) as a total grade of 
histologic chorioamnionitis above the median value (2).

Intra-amniotic infection was defined as a positive AF culture. 
Diagnostic criteria and management of preterm labor and preterm 
PROM have been previously described in detail elsewhere (16,18). 
Decisions regarding the use and type of prophylactic antibiotics were 
left to the discretion of the attending obstetrician and treatments 
with tocolytics, corticosteroids, and antibiotics were started after 
amniocentesis. Diagnostic criteria of clinical chorioamnionitis have 
been described in detail elsewhere (18). Proven sepsis was identified 
when causative organisms of systemic inflammation were identified 
on at least two sets of blood cultures. Respiratory distress syndrome, 
bronchopulmonary dysplasia, intraventricular hemorrhage, periven-
tricular leukomalacia (PVL), and necrotizing enterocolitis were also 
diagnosed according to the definitions previously described in detail 
(4).

A previous study reported the incidence of failure in the NHS test 
for very preterm infants to be 16% (10). We assumed that the SD for 
AF IL-6 would be 15.0 ng/ml based on our previously published study 
(19). Therefore, by using an α of 0.05 and a β of 0.2 (power = 80%), 
and assuming a ratio of 1:5 for infants who failed vs. those who passed 
the hearing screen, we retrospectively calculated that a total sample 
size of 108 was needed to detect a 11 ng/ml difference in AF IL-6 
between the two groups. In our previous study (20), the SD of AF IL-8 
was shown to be 4.62 ng/ml, and thus, a sample size of 108 is expected 
to be large enough for the AF IL-8 to yield a significant difference.

Bivariate analysis was conducted by using Student’s t-test, Mann-
Whitney U-test, Fisher’s exact test, or χ2 test, as appropriate. The nor-
mality for continuous variables in groups was determined by using 
the Shapiro-Wilk test. Multivariable logistic regression was then per-
formed to determine the independent relation between positive AF 
cultures and cytokine levels in AF and failure in the NHS test after 
adjusting for baseline variables. Variables showing a statistically sig-
nificant correlation or a tendency of correlation with refer on the NHS 
test in univariate analysis (P < 0.15) were included in the logistic anal-
ysis. All statistical analyses were performed with SPSS for Windows 
version 21.0 (IBM SPSS, Chicago, IL). All reported P values are two-
sided, and P values <0.05 were considered statistically significant.

RESULTS
During the study period, 112 women with preterm labor (n = 
66) or preterm PROM (n = 46) and their neonates met the eligi-
bility criteria and were included in the final analysis. The mean 
gestational age at birth of the study cohort was 29.2 wk (SD, 
1.9 wk; range, 24.0–32.0 wk), and the mean birth weight was 
1,369 g (SD, 347 g; range, 680–2,275 g). Microorganisms were 
isolated from 45 of 112 AF samples (40.2%), including 20 from 
women with preterm labor and intact membranes and 25 from 
women with preterm PROM. The microorganisms isolated 

table 1. Histological grade for acute intrauterine inflammation

Amnion and chorion-decidua

Grade 1: at least one focus of > 5 neutrophils

Grade 2: diffuse neutrophilic infiltration

Umbilical cord

Grade 1: neutrophilic infiltration confined to umbilical vessel wall

Grade 2: extension of neutrophilic infiltration into Wharton’s jelly

Chorionic plate

Grade 1: > 1 focus of at least 10 neutrophilic collections or diffuse 
inflammation in subchorionic plate

Grade 2: diffuse and dense inflammation, neutrophilic infiltration into 
connective tissue of placental plate, or placental vasculitis
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from the amniotic cavity included Ureaplasmaurealyticum 
(n = 38), Mycoplasma hominis (n = 31), Escherichia coli (n = 1), 
Staphylococcus aureus (n = 1), Streptococcus agalactiae (n = 1), 
Streptococcus mitis (n = 1), Lactobacillus sp. (n = 1), uniden-
tified Gram-negative rods (n = 1), and unidentified Gram-
positive cocci (n = 2). Polymicrobial invasion was present in 

31 of 45 cases (68.8%). The NHS tests were conducted at mean 
corrected gestational age of 36.5 ± 5.3 wk. Ninety-eight neo-
nates (87.5%) passed the NHS test in both ears, whereas 14 
(12.5%) failed the NHS test. Among 14 neonates with failure 
in the NHS test, 5 (4.2%) had a unilateral failure and 9 (7.6%) 
had a bilateral failure.

Table 2 shows the maternal and obstetric characteristics of 
the study population according to the NHS results. Mothers 
delivering infants who showed refer on the NHS test had a 
significantly higher prevalence of preterm PROM, funisitis, 
and clinical chorioamnionitis, and a lower median maternal 
WBC than mothers who delivered infants that passed the 
NHS tests. However, there were no significant differences in 
the maternal demographics, antenatal medications, antibiotic-
to-delivery interval, duration of antibiotic use, and histologic 

table 2. Maternal and obstetric characteristics of the study population according to newborn hearing screening test results

Abnormal finding in newborn hearing screening test

PAbsent (n = 98) Present (n = 14)

Maternal age (year) 31.8 ± 3.7 30.1 ± 3.6 0.188

Nulliparity 43 (43.9%) 5 (35.7%) 0.564

Membrane status 0.040

Intact membranes 62 (63.3%) 4 (28.6%)

Preterm PROM 36 (36.7%) 10 (71.4%)

Cesarean delivery 50 (51.0%) 7 (50.0%) 0.943

Antenatal corticosteroids 92 (93.9%) 13 (92.9%) 1.000

Antenatal antibiotics 75 (76.5%) 13 (92.9%) 0.295

Antibiotic-to-delivery interval (days) 9.4 ± 13.6 (n = 75) 15.8 ± 22.7 (n = 13) 0.934

Duration of antibiotic use (days) 7.7 ± 8.2 (n = 75) 12.6 ± 19.3 (n = 13) 0.845

Antenatal tocolytics 87 (88.8%) 11 (78.6%) 0.379

Gestational age at amniocentesis (weeks) 28.0 ± 2.6 27.4 ± 3.5 0.758

Maternal white blood cell counts at amniocentesis (103 cells/mm3) 13.0 ± 3.9 10.7 ± 3.0 0.040

Maternal C-reactive protein levels at amniocentesis (mg/dl) 1.6 ± 2.0 1.2 ± 1.2 0.950

Amniocentesis-to-delivery interval (days) 8.8 ± 12.8 14.8 ± 22.1 0.902

Histologic chorioamnionitis 67 (68.4%) 10 (71.4%) 1.000

Funisitis 25 (25.5%) 8 (57.1%) 0.015

Clinical chorioamnionitis 6 (6.1%) 4 (28.6%) 0.021

Values are given as the mean ± SD or n (%).

table 3. Severity of inflammation in different tissue sections and 
a total grade of histologic chorioamnionitis according to newborn 
hearing screening test results

Abnormal finding 
in newborn hearing 

screening test

Grade of 
inflammation

P0 1 2

Amnion Present (n = 14) 11 2 1 0.963

Absent (n = 98) 80 12 6

chorion-decidua Present (n = 14) 4 6 4 0.750

Absent (n = 98) 32 32 34

Umbilical cord Present (n = 14) 6 4 4 0.049

Absent (n = 98) 73 14 11

Chorionic plate Present (n = 14) 9 4 1 0.652

Absent (n = 98) 70 18 10

Histologic  
chorioamnionitisa

Present (n = 14) 4 2 8 0.206

Absent (n = 98) 31 33 34
aGrade 0 (noninflamed placenta)was defined as a total grade of histologic 
chorioamnionitis of zero (0), grade 1 (mild chorioamnionitis) as a total grade of 
histologic chorioamnionitis less than or equal to the median value (2) in placentas 
with leukocyte infiltration, and grade 2 (severe chorioamnionitis) as a total grade of 
histologic chorioamnionitis above the median value (2).

table 4. Amniotic fluid culture results and cytokine levels according 
to newborn hearing screening test results

Abnormal finding in newborn 
hearing screening test

PAbsent (n = 98) Present (n = 14)

Positive amniotic fluid 
cultures

36 (36.7%) 9 (64.3%) 0.049

Amniotic fluid white blood 
cell count (cells/mm3)

1,245 ± 3,628 930 ± 1,529 0.912

Amniotic fluid IL-6 level (ng/ml) 17.1 ± 24.6 15.1 ± 15.2 0.526

Amniotic fluid IL-8 level (ng/ml) 10.8 ± 18.9 9.2 ± 16.7 0.598

Values are given as the mean ± SD or n (%).
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chorioamnionitis between the two groups. In addition, the 
mean maternal WBC counts were not significantly different 
between women with preterm labor and intact membranes 
and women with preterm PROM (preterm labor, mean ± 
SD, 13,039 ± 4,019 cells/mm3 vs. preterm PROM, mean ± 
SD, 12,309 ± 3,714 cells/mm3; P = 0.332). There were no cor-
relations between failure in the NHS test and the severity of 
inflammation in the amnion, chorion-decidua, and chorionic 
plate, and histologic chorioamnionitis as reflected by the total 
grade points. However, we found a correlation between failure 
in the NHS test and the grade of inflammation in the umbilical 
cord (Table 3).

Table 4 shows the AF culture results and the AF WBC, IL-6 
level, and IL-8 level according to the NHS results. Mothers 
delivering infants who failed the NHS test had a higher rate of 
positive AF cultures than mothers who delivered infants that 
passed NHS. However, AF WBC and the levels of AF IL-6 and 
IL-8 were not significantly different between the two groups.

Table 5 shows the neonatal characteristics according to the 
NHS results. In bivariate analyses, neither gestational age at 
birth nor birth weight was associated with failure in the NHS 
test. Moreover, the median peak serum bilirubin level during 
NICU admission and the rates of low Apgar scores and major 
treatments (such as mechanical ventilation; continuous posi-
tive airway pressure; and use of surfactants, diuretics, and ami-
noglycoside antibiotics) were comparable between infants who 
passed and those who failed the NHS test. However, PVL had 
a statistically significant association with refer on the NHS test 
(P = 0.005).

Multivariable logistic regression analysis was performed 
to estimate the association between positive AF cultures 
or elevated levels of IL-6 and IL-8 in AF and failure in the 
NHS test, with adjustment for baseline variables. The follow-
ing parameters, at a P value of <0.15 based on the univariate 
analyses, were included in the multivariate logistic regression 
analysis:pretermPROM, funisitis, clinical chorioamnionitis, 
positive AF cultures, maternal WBC, and PVL. Before per-
forming logistic regression analysis, we checked for multicol-
linearity among the variables by using a χ2 test. Significant 
correlations were found among preterm PROM, funisitis, clin-
ical chorioamnionitis, and positive AF cultures in bivariable 
analyses (P = 0.044 to <0.001), and then they were analyzed 
in separate models (Table 6). After adjustments for maternal 
WBC and PVL, a positive AF culture was significantly associ-
ated with failure in the NHS test (Table 6). Moreover, in the 
logistic regression models, preterm PROM, funisitis, and clini-
cal chorioamnionitis were significantly associated with failure 
in the NHS test after adjustments for maternal WBC and PVL. 
When these six variables were simultaneously entered into 
logistic regression analysis, PVL was independently associated 
with failure in the NHS test, whereas elevated maternal WBC 
was statistically significantly associated with a reduced inci-
dence of refer on the NHS test.

DISCUSSION
This is the first report to document the relation between intra-
amniotic infection and hearing screen failure that places a 
neonate at risk for SNHL. Although we did not include follow-
up confirmatory test results in our analyses, two consecutive 
failures in AABR screening tests at or before discharge from 
the NICU strongly indicated a high-risk group for permanent 
SNHL (21). Furthermore, auditory brainstem response (ABR) 
is a very sensitive indicator of alteration of brain or neural mat-
uration. Earlier measurement of AABR as a screening test at 
NICU discharge might be superior to confirmatory ABRdone 
at 2–3 mo after birth in elucidating subtly but potentially con-
tributing factors to SNHL that were possibly tolerated before 
the confirmatory ABR tests (22).

Our data clearly demonstrated that the presence of intra-
amniotic infection, but not elevated levels of proinflammatory 
cytokines in AF, may contribute to the risk for hearing screen 
failure in very preterm infants. We also noted that funisitis, 
which is well known to occur more frequently among patients 
with positive AF culture results (3,5,11,16), was significantly 

table 5. Neonatal characteristics andmorbidities according to 
newborn hearing screening test results

Abnormal finding in newborn 
hearing screening test

PAbsent (n = 98) Present (n = 14)

Gestational age at birth (wk) 29.2 ± 1.9 29.1 ± 2.1 0.940

Birth weight (g) 1,367 ± 348 1,385 ± 358 0.708

Male gender 53 (54.1%) 8 (57.1%) 0.830

Apgar score <7

1 min 68 (69.4%) 11 (78.6%) 0.755

5 min 31 (31.6%) 6 (42.9%) 0.404

Umbilical artery pH 7.3 ± 0.1 7.3 ± 0.1 0.361

Corrected gestational age at 
hearing screening

36.6 ± 5.6 35.8 ± 2.9 0.788

Peak serum bilirubin levels 
(mg/dl)

10.1 ± 3.5 10.4 ± 5.4 0.377

Continuous positive airway 
pressure

77 (78.6%) 12 (85.7%) 0.731

Mechanical ventilation 47 (48.0%) 10 (71.4%) 0.152

Use of surfactant 32 (32.7%) 7 (50.0%) 0.203

Use of furosemide 41 (41.8%) 8 (57.1%) 0.280

Use of aminoglycoside 
antibioticsa

70 (71.4%) 10 (71.4%) 1.000

Proven sepsis 9 (9.2%) 2 (14.3%) 0.626

Respiratory distress 
syndrome

50 (51.0%) 6 (42.9%) 0.568

Bronchopulmonary 
dysplasia

36 (36.7%) 5 (35.7%) 0.941

Intraventricular hemorrhage, 
grade 2 or more

6 (6.1%) 0 (0.0%) 1.000

Periventricular leukomalacia 9 (9.2%) 5 (35.7%) 0.005

Necrotizing enterocolitis 8 (8.2%) 0 (0.0%) 0.593

Seizure 0 (0.0%) 0 (0.0%)

Values are given as the mean ± SD or n (%).
aInclude gentamicin, amikacin, and vancomycin.
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associated with hearing screen failure. Collectively, these 
observations suggest that fetal exposure to infection in AF 
might be involved in the pathophysiological mechanism of 
SNHL, and that antenatal use of antimicrobial therapy for the 
treatment and prevention of infection in AF might be helpful 
in reducing the likelihood of SNHL in preterm neonates.

In the context of prenatal exposure to infection/inflam-
mation, the current study showed that the presence of intra-
amniotic infection remained associated with hearing screen 
failure even after adjustments for confounders. In addition, we 
observed that the presence of funisitis significantly increased 
the probability of hearing screen failure, which is consistent 
with the recent study by Leung et al. (10). However, in the pres-
ent study, in contrast to intra-amniotic infection and funisitis, 
elevated IL-6 and IL-8 levels in AF did not show any associa-
tion with hearing screen failure. This was an unexpected result, 
as IL-6 and IL-8 levels in AF are one of the most sensitive mark-
ers for predicting intra-amniotic infection (4,14,19). Although 
we cannot explicitly elucidate the discrepancy between intra-
amniotic infection and elevated cytokine levels in AF in terms 
of their association with the hearing screening failure, this 
discrepancy can be interpreted as follows: a large inoculum of 
bacteria, but not proinflammatory cytokine per se, in the amni-
otic cavity, which can gain directly access to the fetus, may con-
tribute significantly to the development of hearing loss. In fact, 
infection in the AF may be primarily an infection of the fetus 
rather than of the mother (23), and is the most advanced and 
serious stage of ascending intrauterine infection during which 
fetal infection, as manifested by funisitis/elevated IL-6 level in 
cord blood, occurs (24). On the contrary, elevated cytokine 
levels in AF (15,25) are found (i) during the early stage when 
infection is limited to the chorion-decidua (histologic chorio-
amnionitis), and thus, microorganisms may not gain access to 
the amniotic cavity and fetus; (ii) in patients with negative AF 
culture results caused by the small size of the inocula, in whom 
microbial fingerprints are detected in AF onpolymerase chain 
reaction (26,27); and (iii) in cases that are caused by inflam-
matory mechanisms other than infection, which may not be 
involved in the etiology of hearing screen failure. In support 
of our view, Forner et al. found that the risk of hearing deficit 
increased with a viral load in blood at birth of ≥17,000 copies/

ml in 34 newborns with congenital asymptomatic cytomegalo-
virus infection born to women with primary cytomegalovirus 
infection during pregnancy (28). Similar explanations can be 
applied to our findings of a lack of association between fail-
ure in the NHS test and histologic chorioamnionitis, which is 
mainly a maternal host response (24).

How intra-amniotic infection may predispose premature 
neonates to the subsequent development of SNHL can only 
be speculated at present. Direct spreading of microorganisms 
from the infected AF into the fetal circulation could cause fetal 
bacteremia. The resulting sepsis may cause ischemic damage to 
the inner ear due to septic emboli, as previously documented 
with meningitis (29). Alternatively, a similar phenomenon as 
the matrix metalloproteinase 9-mediated opening of the blood–
brain barrier stimulated by infection/inflammation (30,31) 
could also occur for the blood–labyrinth barrier, allowing the 
direct spread of microorganisms into the labyrinth. It may be 
possible that infection/inflammation in the cerebrospinal fluid 
may reach the labyrinth through the cochlear aqueduct (32).

Our finding that preterm PROM, funisitis, clinical chorio-
amnionitis, and positive AF cultures were significantly cor-
related with each other is in accordance with the results of 
many previous studies (3,5,11,16). From the clinical point of 
view, our observation that these parameters were significantly 
associated with hearing screen failure is important because it 
allows clinicians to identify infants, before the time of birth, 
who are at a higher risk for abnormal findings on the NHS 
test and the subsequent development of SNHL. In the present 
study, the rate of a refer result on the NHS test in infants born at 
≤32.0 wk gestation is similar to those of recent large-scale stud-
ies (10,33). On the contrary, the prevalence of intra-amniotic 
infection in the current study was 40%, which is significantly 
higher than the 26.4% (P < 0.001) that Yoon et al. previously 
reported in infants born at ≤35.0 wk gestation (11). However, 
the discrepancy between these two studies is natural, given 
that the prevalence of positive AF cultures and elevated proin-
flammatory cytokine levels in AF have been inversely related 
to gestational age at amniocentesis and at delivery (3–6,18).

In the literature, bronchopulmonary dysplasia, intraventric-
ular hemorrhage, and PVL have been reported as risk factors for 
SNHL and neurosensory impairment in very-low-birth-weight 

table 6. Risk factors associated with failure in the newborn hearing screening test according to logistic regression analyses

Risk factors

Risk of failure in the newborn hearing screeningtest

Adjusted for maternal white blood cell  
count and periventricular leukomalacia

Adjusted for all variables  
in the model

OR (95% CI) P OR (95% CI) P

Preterm PROM 4.362 (1.120–16.995) 0.034 2.156 (0.467–9.954) 0.325

Funisitis 4.766 (1.322–17.185) 0.017 2.182 (0.470–10.139) 0.319

Clinical chorioamnionitis 10.919 (2.003–59.522) 0.006 4.626 (0.715–29.941) 0.108

Positive amniotic fluid cultures 4.282 (1.164–15.753) 0.029 2.463 (0.485–12.503) 0.277

Maternal white blood cell count (103cells/mm3) 0.752 (0.588–0.960) 0.022

Periventricular leukomalacia 8.276 (1.678–40.816) 0.009

CI, confidence interval; OR, odds ratio.
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infants (34–37). In accordance with the previous reports, our 
results also showed that PVL is independently associated 
with hearing screen failure. This relation cannot be explained 
clearly; however, several plausible explanations can be pos-
tulated about the primary mechanism that plays a role in 
the co-occurrence of these diseases, including the following: 
(i) shared common risk factors for these diseases, such as 
mechanical ventilation and prolonged supplemental oxygen 
use, and (ii) the complications/events (e.g., cardiorespiratory 
instability and infection) after or during receiving a common 
procedure (e.g., patent ductus arteriosus ligation).

A unique finding of this study is that elevated maternal WBC 
was independently significantly associated with a reduced 
probability of a refer result on the NHS test. This is an unex-
pected result, disagreeing with our other observation that dem-
onstrated that maternal inflammation as shown by a maternal 
C-reactive protein levels at amniocentesis was not related to 
the abnormal hearing screen results. We cannot explain the 
underlying mechanism for the beneficial effect of elevated 
maternal WBC on the auditory system in neonates; however, it 
is presumably because hematologic change in peripheral blood 
(e.g., WBC elevation) reflecting maternal immunity might 
affect the production of maternal IgG and then the transfer of 
passive immunity during the perinatal and postnatal periods 
(38,39), contributing to vulnerability to infections associated 
with the development of hearing loss (1).

The current study has several limitations. First, the results of 
AF culture and WBC were routinely reported to the managing 
obstetricians, which might have affected the timing of delivery 
and starting of antibiotic therapy. However, it is unlikely that 
this bias would have influenced our finding because the culture 
results in AF were not usually available until at least 48–72 h after 
the amniocentesis, and gestational age at birth and use of anti-
biotics were considered in our statistical analyses. Second, we 
could not determine whether intra-amniotic infection and IL-6 
or IL-8 levels in AF correlated with SNHL, because of the low 
prevalence of SNHL and the limited number of patients. Further 
studies are needed to examine whether permanent hearing loss 
is initially mediated by infection or inflammatory process in AF. 
Third, the current study did not include cultures for viruses (i.e., 
TORCH) that have been known to be involved in the patho-
physiological mechanism of hearing loss development (1,40). 
Fourth, we did not perform a full characterization of pro- and 
anti-inflammatory cytokines in AF, but only measured the most 
relevant inflammatory markers (i.e., IL-6 and IL-8) consistently 
reported to be the best predictors of intra-amniotic infection, 
preterm birth, and long-term neurologic sequelae (4,6,7,14,15).

In conclusion, the presence of intra-amniotic infection sig-
nificantly increased the probability of abnormal NHS results, 
whereas elevated proinflammatory cytokine levels in AF (i.e., 
intra-amniotic inflammation) did not. Future studies are 
needed to investigate the impact of early administration of 
antibiotics, by which therapeutic levels can be achieved in the 
fetal compartment, immediately after the diagnosis of intra-
amniotic infection on NHS outcomes and hearing impairment 
in neonates.
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