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Abstract

Newborns, especially preterm infants, have an immature immune system, which, in combi-
nation with the required medical interventions necessary for keeping the neonate alive may
lead to an increased risk of infection. Even after reaching stability and adapting to the envi-
ronment, preterm infants have adverse prognoses regarding infections and long-term out-
comes compared to their full-term counterparts. The objective of this study was to research
differences in the number and severity of infections between preterm and full-term infants
during their first year of life. To answer this question, a monocentric prospective study was
conducted in a pediatric practice in Vienna, including 71 full-term infants and 72 preterm
infants who were observed during their first year of life regarding occurring infections. In
respective samples, there was a significantly higher total number of infections in preterm
(mean 6.01 £ 3.90) compared to full-term infants (3.85 + 1.72) during the observation period
of one year. Particularly the count of respiratory and severe infections was considerably
higher in preterm infants. Otorhinolaryngeal infections were the most frequent of all types of
infections in both groups. The pregnancy period, number of siblings, and length of the post-
natal hospital stay, were observed as significantly influencing factors which affected the
total number of infections. The group of early term infants (37+0 weeks to 38+6) was not sig-
nificantly different to late term babies (>39+0). The acquired knowledge about the increased
risk of infections should lead to a more extensive care for preterm infants, with the objective
of reducing the rates of complications, morbidity and mortality in this vulnerable age group in
the future.

Background

A premature birth is by definition a birth taking place before the 37th week of gestation (WOG),
with further classification into late (32-37 WOG), very (28-32 WOG) and extremely preterm
birth (<28 WOG), or with regard to birth weight, into low (LBW; <2500g), very low (VLBW;
<1500g) and extremely low birth weight (ELBW; <1000g) [1, 2]. The increasing incidence of
preterm birth among live births is 11% worldwide, ranging from 5% in parts of Europe to 18%
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in parts of Africa [3, 4]. Since the child’s organs are not fully developed, prematurity is associated
with numerous complications that often lead to permanent damage and lifelong impairments,
resulting in significantly increased morbidity and mortality rates [3].

The combination of undeveloped organs and the high need for invasive care and life sup-
port measures is of great importance in the pathogenesis of many complications including
infections [5]. In particular, the immature immune system plays an important role: numerous
factors of the innate and acquired immune system are demonstrably suppressed and limited in
their development and function, which explains the susceptibility of preterm infants to infec-
tious diseases [6, 7]

Several studies have shown that the risk of infection increases with decreasing gestational
age and birth weight [8, 9]. Preterm infants are at a significantly increased risk of suffering seri-
ous infections that require hospitalisation and treatment [10]. The entities responsible for the
increased risk of infection in preterm infants are neonatal sepsis and respiratory infections,
with respiratory tract infections caused by respiratory syncytial virus (RSV) in particular [11].

The group of late preterms is an extremely important subgroup, accounting for almost 75%
of all preterm infants and numerically the most fasting growing subgroup of newborns [12].
Although the late preterms are often treated as full-term infants in the clinical setting, they
have significantly higher morbidity and mortality rates compared to full-term infants [12, 13].
Nevertheless, they are often discharged inappropriately early after birth, resulting in a signifi-
cantly higher rehospitalisation rate and the associated higher health care costs.

The overall aim of this monocentric prospective observational study was to investigate
whether preterm infants were more likely to suffer from infections than full-term infants dur-
ing their first year of life, what types of infections were present and whether associated factors
were observable.

Methods

Ethical approval for this monocentric prospective observational study was applied for and
granted by the ethics committee of the Medical University of Vienna (EK-Nr: 1330/2016). Par-
ticipants were recruited in a Viennese pediatric practice, the “First Vienna Pediatric Medical
Center”. Exact case number planning was not required due to the exploratory approach of this
study. Parents were informed about the study and gave written consent. Data of infants were
pseudonymized for analysis.

Inclusion criteria for the observation group of preterm infants was a birth before WOG <37
+0, and for full-term group a birth after WOG >37+0. Gestational age was based on parental
report and calculation according to a gynaecologist. In case of inconsistent results of sonogra-
phy and calculated gestational age, adaptions were done by the gynaecologist. Children with
chronic disease were excluded from the study. Those infants, who were primarily recruited,
but did not appear in the practice during the observation period were finally excluded from
the study analysis as drop out. Data were analysed only from those infants, who completed the
observation period of one year. The general, demographic and birth-specific data were col-
lected by the legal guardians using a questionnaire.

Subsequently, study subjects were asked to attend the study center in case of infections.
They were observed throughout the first year of life for infections and complications that
occurred since birth, which was documented in the patient records. At the end of the first year
of life, the total number of infections and the number of different types of infection were calcu-
lated for each child. The different types of infection included respiratory, otorhinolaryngeal
(ENT-infections), urinary tract (UT- infections), gastrointestinal (GI-infections), dermal and
severe infections. Infections that could not be assigned to any of these groups were assigned to
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the category of other infections. Serious infections were thus defined as those that led to
hospitalisation.

Statistics

The raw data (S1 Table) was compiled in Microsoft Excel and analysed using IBM SPSS-Statis-
tics (SPSS 22 for Mac OSX, version 22.0) and graph pad prism software (Prism 6 for MacOS
X). Missing data was excluded from the calculation and statistical significance level was set at
p<0.05.

To estimate the practical relevance of statistically significant relations, the standardised
effect size r was used according to the Cohen classification (r = .10-.29 minor, r = .30-.49 mod-
erate and r> .50 great effect) [14]. The odds ratio (OR) was considered as an effect measure for
the relative risk and 95% confidence interval (CI) was reported. For analysis of differences of
nominally scaled variables, chi-square test (X*) or in cases of expected values <5 in more than
20% of the cells, Fishers Exact (cF) test were performed. The McNemar test was used to test
relationships of dependent nominally scaled variables. For analysis of strength and direction of
association of two ranked, non-parametric variables, Spearman correlation coefficient (r,) was
calculated. Differences of two independent samples were tested either with t-test (for total
number of infections) or the Mann Whitney U-test as a parameter-free alternative. Kruskal-
Wallis test (H) was performed for comparison of medians of more than 2 groups. Multiple lin-
ear regression was performed for analysing the influence of diverse predictors. Two-way
ANOVA was used for testing for differences of infection frequency per month of age. Correc-
tion of multiple testing was done using the Holm-Bonferroni method and adjusted p-values
were calculated.

Results

Eighty preterm and eighty term infants were primarily recruited in this study. Due to loss of
follow up, being originated in changing the paediatrician during the observation period, the
original case count was reduced to 71 for the full-term and 72 for the preterm infants, which
corresponds to a drop-out rate of 10.6%.

As depicted in Table 1, the sample included 55 (76.4%) late, 13 (18.1%) very and 4 (5.6%)
extremely preterms, 25 (34.7%) of all preterm infants were included in the age-specific normal
weight group, 32 (44.4%) in the LBW, 10 (13.9%) in the VLBW and 5 (6.9%) in the ELBW
group.

There was an even gender distribution with 40 (54.1%) male and 31 (44.9%) female full-
term infants and 34 (45.9%) male and 38 (55.1%) female preterm infants.

With regard to the birth procedure, significantly more preterms (54.2%) were born by Cae-
sarean section (X*(1) = 9.96 and p =.002) compared to term infants (28.2%) indicating a three-
fold higher rate of being born by caesarean section compared to full-term infants (OR 3.01
[95%CI 1.51; 6.04]).

Concerning pregnancy and birth complications, 36.1% of preterm and 23.9% of full-term
infants showed a complication significantly associated with preterm birth (X*(1) = 12.444, p <
.001). Nuchal cord as most common complication in term infants (7%), leading to intrauterine
asphyxia in two cases, was followed by gestational diabetes (GDM) with concomitant macroso-
mia, isolated GDM, polyhydramnios and premature rupture of the membranes (PROM)

(1.4% each)). In the preterm infants group, the most frequent complications were pre-eclamp-
sia (9.7%), preterm rupture of membranes (9.7%), maternal HELLP syndrome (5.5%) and
GDM (5.5%). Severe preeclampsia in combination with placental insufficiency occurred with
2.8%, and placenta praevia and premature placental abruption with 1.4%.
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Table 1. Baseline characteristics.

full-term infants (WOG > 37+0) preterm infants (WOG< 36+6) test statistic test parameter (df) P sig. p-adjust
n=71 n=72

Sex”
Male 40 (54.1%) 34 (45.9%) X2 1.19 (1) 275 ns. L
Female 31 (44.9%) 38 (55.1%)
birth mode®
natural 51 (71.8%) 33 (45.8%) x? 9.96 (1) .002 o .028*
Cesarean 20 (28.2%) 39 (54.2%)
seasonal birth time date
warm season 46 (47.9%) 50 (52.1%) X2 0.35 (1) .553 n.s. 1.
cold season 25 (53.2%) 22 (46.8%)
number of siblings 0.66 + 0.88 0.92 +1.02 U-test (2) -1.66 .096 ° .96
pregnancy- and birth complications’
None 54 (76.1%) 46 (63.9%) X2 12.44 (1) <.001 | ** 018"
Occurred 17 (23.9%) 26 (36.1%)
perinatal complications®
None 37 (52.1%) 13 (18.1%) X2 8.51 (1) .004 * .048*
Occurred 34 (47.9%) 59 (81.9%)
art of daycare®
at home 64 (90.1%) 65 (90.3%) x? 0.01 (1) 978 n.s. 1.
Nursery 7 (9.9%) 7(9.7%)
living situation’
House 17 (23.9%) 19 (26.4%) X? 0.53 885 ns. 1.
Flat 52 (73.2%) 52 (72.2%)
smoking home 2 (2.8%) 1(1.4%)
breast feeding’
No 18 (25.24%) 20 (27.8%) X2 0.11 (1) 743 ns. L
Yes 53 (74.6%) 52 (72.7%)
length of postnatal hospital stay 5.18 £1.16 27.52 +32.57 U-test (2) -7.95 <.001 ** .018*
total number of infections 385+ 1.72 6.01 +3.90 t-test 32.44" <.001 o .018*
number of respiratory infections 1.03 + 1.06 1.82 +1.71 U-test (z) -2.92 .003 b .039*
number of ORL infections 2.00 + 1.30 2.72+2.22 z -1.46 144 n.s. 1.
number of GI infections 0.15 + .44 0.17 + .41 z -.40 .687 n.s. 1.
number of urinary tract infections - 0.04 + .20 z -1.73 .083 ° 913
number of dermal infections 0.14 .35 0.14 + .42 z -.46 .643 ns. 1.
number of other infections 0.44 £ .67 0.57 +.71 z -1.21 227 n.s. 1.
number of severe infections 0.08 +.28 0.56 + 1.10 z -3.63 <.001 o .018*

Characteristic values (mean value and standard deviation for metric values as well as frequencies and proportions for categorical parameters) of the study-relevant
parameters as a function of the maturity status with test size and significance assessment.

**p <01

*p<.05

° p <.10 (tendency)

!corrected by exact Fisher test (cF); for better readability, mean values and standard deviations were used for certain X> and U tests and t-test

’Line percentages

*Column percentages.

P.adjust: adjusted P-value after Holm-Bonferroni correction for multiple testing.

https://doi.org/10.1371/journal.pone.0224766.t001

Perinatal complications were observed in 81.9% of preterm infants and 47.9% of full-term
infants with a significantly higher rate in preterm infants (X*(1) = 8.511 and p = .004) with
about five times greater risk (OR = 4.94, [95% CI 2.31; 10.56]). In preterm infants, 28 (38.9%)
had respiratory distress syndrome, 2.8% intraventricular hemorrhage, 1.4% necrotizing
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enterocolitis, 9.7% patent ductus arteriosus and 4.2% a retinopathy of prematurity. Twelve
(16.7%) suffered from a congenital infection, 1.4% had neonatal sepsis 55.5% had neonatal
jaundice. Thirty-three (46.5%) full-term infants had neonatal jaundice and one of them each
had a congenital infection and neonatal sepsis (1.4%).

As for the number of siblings, a trend could be assumed that preterm infants with a mean
0f 0.92 (min 0, max 5) had a higher number of siblings than full-term infants with a mean
value of 0.66 (min 0, max 3) (U =2175.5 (-1.664), p = .096).

With regard to the form of care, 64 (90.1%) full term infants were looked after at home and
seven (9.9%) in a nursery, whereas within the preterms 65 (90.3%) grew up at home and seven
(9.7%) in a nursery. As for the housing situation, 19 (26.4%) preterms grew up in a house, 52
(72.2%) in an apartment and one (1.4%) in a smoking household. Regarding the full-term
infants 17 (23.9%) grew up in a house, 52 (73.2%) in an apartment and two (2.8%) in a smok-
ing household. As for the breastfeeding factor, preterm infants (72.7%) and full-term infants
(74.6%) were breastfed equally frequently.

In the present sample, it could be shown that preterm infants had a significantly longer hos-
pital stay after birth compared to full-term infants (U = 858.0 (z = -7.951), p < .001, r = .67),
with an average duration of 5.18 days for full-term and 27.52 days for preterm infants.

Preterm infants had a significantly higher total number of infections within the first year of
life than full-term infants (p < .001). In full-term infants, 3.85 +1.72 (min 0, max 7, Md = 4.0),
and in preterm infants 6.01 £3.90 (min 0, max 17, Md = 5.0) infections were detected during
the first year of life. The coincidence was tested by a bivariate plot graph (Fig 1) and showed a
moderate, but significantly negative correlation between the maturity status and the risk of
infection (r(143) = -.394, p < .001).

Concerning the group of preterm infants, it was investigated whether there is a difference
in the risk of infection with regard to gestational age and birth weight. Both analyses showed a
non-significant result (gestational age: X*(2) = 3.193, p = .203; birth weight: X*(3) = 1.766, p =
.622) (Table 2).

Extremely and very preterm infants did not differ regarding the number of infections,
which is the reason for combining these groups for the next analysis. As gestational age might
be only estimated within 1-2 weeks, the full-term babies were divided into early term infants
(WOG 37+0 to 38+6) and late term (> = 39+0 WOG). The total frequency of infections within
the first year of life was compared between very preterm babies (<32 WOG, n = 16), late pre-
term infants (32+0 to 36+6 WOG, n = 56), early term (n = 21) and late term infants (n = 50)
(Fig 2). No significant differences were observed between early term and late term infants
(adjusted p>0.9999). The very preterm group had significantly more infections than the early
and late term group (adjusted p = 0.0019, and adjusted p = <0.0001). The late preterm and late
term groups differed significantly in total number of infections (adjusted p = 0.0154). The fre-
quency of infections per month of age was calculated for these groups and revealed by trend
more infections at the end of the first year of life and significantly differences at the age of 8, 11
and 12 months of age between very early preterm and term infants (Fig 2). The relative risk for
preterm babies to have more than 1 infection in the first year of life is significantly higher com-
pared to term babies (OR 9.016, (95%CI 1.096 to 74.13), *p = 0.0174).

With regard to the different types of infection, it was found that respiratory (z = -2.923, p =
.003, r = .24) and severe (z = -3.633, p < .001, r =.30) infections showed a significant difference
in the comparison of the two observation groups. The most frequent severe infections leading
to hospitalization were, except for connatal infections directly after birth, respiratory infections
(42%), gastroenteritis (33%), fever of unknown origin (9%), urinary tract infection, influenza
with emesis and meningitis (each 4%).
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Fig 1. Higher risk of infection in preterm infants. Moderate, but significantly negative correlation between the maturity status and the risk of infection tested
by linear regression and shown by bivariate scatter plot graph.

https://doi.org/10.1371/journal.pone.0224766.9001

For the group of UTI, the quantity tested (p = .083, r = .14) was significant, although only 3
preterm and no term infants suffered from UT-infections (Table 3).

As possible predictors that can influence the total number of infections, the following addi-
tional factors were checked: gender, birth procedure (cesarean or natural birth), birth in the
warm (March-September) vs. cold season (September-March), number of siblings, presence of
pregnancy and childbirth complications, occurrence of perinatal complications, child care, liv-
ing conditions and breastfeeding during the first year of life. The analysis showed that only the
duration of pregnancy (p = .002) as well as the number of siblings (p = .038) had a significant
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Table 2. Total number of infections in preterm infant group.

gestational age

late preterm

very preterm
extremely preterm
birth weight

normal birth weight
low birth weight
very low birth weight

extremely low birth weight

n=72

5.56 + 3.58
6.77 + 4.34 H
9.75+ 5.38

6.04 + 3.88
528 +£3.23 H
7.30 £ 5.08
8.00 = 4.90

test statistic

test parameter (df) P sig.
3.19(2) 203 n.s.
1.77 (3) .622 n.s.

Mean value, standard deviation, test size and significance assessment of the total number of infections within preterm infants with regard to gestational age and birth

weight

https://doi.org/10.1371/journal.pone.0224766.t002

influence. The individual predictors were also analysed separately for their influence on the

risk of infection, which in turn showed that there was a weak positive relationship between

>

Total number of infections

ke

number of siblings and total number of infections (rs(143).235, p = .002). A weak positive rela-
tionship between hospital stay after birth in days and the total number of infections during the
first year of life were found (rs(142).17, p = .044). The analysis of the remaining predictors
revealed insignificant effects.

Discussion

The pathogenesis and therapy of perinatal complications of preterm birth are subjects of
research. Few studies dealt with the consequences of preterm birth, which extend beyond
childhood. Preterm study participants who fail to comply or discontinue their participation in
a longitudinal study may lead to bias. This is also to be cited as a limiting factor in this study,
which has a dropout rate of 10.6% mainly due to the change of paediatrician.

In the present study, the numbers of preterm infants are close to data from literature, which
in some cases vary widely in different regions of the world [15]. The comparatively small
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Fig 2. Number of infections in very preterm, late preterm, early term and late term infants. Infection number of respective groups within the first year are
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Table 3. Type of infections in preterm and full-term infants.

preterm (n = 72) WOG <36+6 full-term (n =71) WOG > 37+0

art of infection M+ SD Md min; max M+ SD Md min; max
respiratory infections 1.82+1.71 1.0 0;9 1.03 + 1.06 1.0 0;4
otorhinolaryngeal infections 2.72+£2.22 2.0 0;11 2.00 + 1.30 2.0 0;5
gastrointestinal infections 0.17 + 41 0 0;2 0.15 + .44 0 0;2
urinary tract infections 0.04 + .20 0 0; 1 - - -
dermal infections 0.14 + .42 0 0;2 0.14 £ .35 0 0;1
other infections 0.57 £.71 0 0;2 0.44 £ .67 0 0;3
severe infections 0.56 = 1.10 0 0;7 0.08 £ .28 0 0; 1

Mean and standard deviation, medium, min and max are depicted.

https://doi.org/10.1371/journal.pone.0224766.t003

sample size—above all the low proportion of the very and extremely preterms—represents a
limiting factor in this study, as a result of which only significant effects led to a significant dif-
ference and presumable differences based on existing literature could probably not be
revealed.

In the sample concerned, there was a significantly higher total number of infections in pre-
term compared to full-term infants. In the only comparable study, the total number of infec-
tious diseases in the first 12 months of life were 0-13 (Md = 4.0) in preterm and 0-5
(Md = 2.0) in full-term infants. The most frequent reasons for consultation were bronchitis,
rhinopharyngitis, otitis and gastroenteritis, while in the group of preterm infants, more severe
infections, febrile convulsions and breath-holding spells were observed [16]. In line with these
results, ENT infections followed by respiratory infections occurred most frequently in both
our groups, while preterm infants additionally had a significantly higher number of serious
infections, mainly gastroenteritis and respiratory infections leading to hospitalization. In
recent literature, the increased respiratory infection rates of preterm infants are discussed,
rather than the total number of infections and the incidence of the different types of infection.
This could be due to the fact that respiratory tract infections are among the most common
childhood infections [17]. Besides, the relatively frequently occurring perinatal respiratory
complications and the associated long-term consequences in preterm infancy could play a
role. In a Swedish study, the bronchiolitis rate in the first year of life as well as the rate of hospi-
tal stay were significantly higher in terms of a serious infection in preterm infants than in full-
term infants [18]. Preterm infants, in particular, are more likely to suffer from severe forms of
RS virus bronchiolitis requiring hospitalization [19].

The only factors that had a significant impact on total number of infections in this study
included pregnancy duration, sibling numbers, and duration of postnatal hospital stay. Recent
publications reported that the care in a nursery, as well as the presence of siblings have a signif-
icant influence on the risk of infection [17, 20, 21] due to the early contact with their elder sib-
lings’ infections. Recent reports showed an association of respiratory infections in infants
exposed to tobacco smoke [22], which was beyond the scope of our study to be analysed suffi-
ciently. The described weak positive association between postnatal hospital stay and the
increased risk of infection could possibly be due to the high microbial load in the hospital and
the particularly high vulnerability of preterm infants to nosocomial infections [23], which is in
compliance with other publications [13]. Whether the breastfeeding factor actually has a pro-
tective effect on the risk of infection in infants remains controversial [20]. In accordance with
our results, it was observed in a German cohort study that the time of birth does not influence
the incidence of infections [17].
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In the respective sample, no difference in the total number of infections could be detected
in the different age and weight classes of preterm infants, which is probably attributable to the
comparatively small sample size. Based on previous findings, an inverse proportional relation
would be expected between risk of infection and the gestational age and birth weight [24, 25].
Additionally, no differences between early term and late term babies were found, which is of
importance as the gestational age might be only estimated within 1-2 weeks. On the other
hand, there was a clear association between the maturity status in terms of preterm birth and
the occurrence of pregnancy, birth and perinatal complications. The complication rates in the
sample concerned were comparable to those described in literature [3, 26].

The limiting factors of this study are mainly the small sample size and the possibility of
incomplete data. During the study, it was requested that the study participants would always
visit the pediatric practice if they suffered from infections. The possibility of visiting another
doctor or not mentioning an infection that has been treated elsewhere (for example, on an
inpatient basis) could have falsified the results.

Conclusion

Preterm infants represent a particularly significant and vulnerable group with increasing sur-
vival rates. Knowing the higher risk of complications and infections in preterm infants during
their first year of life, more comprehensive care should be offered to these children. The care
of preterm infants should not end after discharging them and, above all, late-preterm infants
should not be mistakenly regarded as full-terms and treated as such. Parents should be
informed about the increased risk of infection and the preventive measures urgently. Vaccina-
tion of all family members who come into contact with the infant, adequate hand disinfection
and avoidance of environments that increase the microbial load are important prophylactic
measures.
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(SAV)

Author Contributions

Conceptualization: Peter Voitl.

Data curation: Laura Steiner.

Formal analysis: Laura Steiner.

Methodology: Laura Steiner.

Project administration: Laura Steiner, Peter Voitl.
Resources: Peter Voitl.

Supervision: Susanne C. Diesner.

Visualization: Laura Steiner, Susanne C. Diesner.

Writing - original draft: Laura Steiner, Susanne C. Diesner.

Writing - review & editing: Susanne C. Diesner, Peter Voitl.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224766 December 9, 2019 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224766.s001
https://doi.org/10.1371/journal.pone.0224766

@ PLOS|ONE

Risk of infection in preterm infants

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

Quinn J-A, Munoz FM, Gonik B, Frau L, Cutland C, Mallett-Moore T, et al. Preterm birth: Case definition
& guidelines for data collection, analysis, and presentation of immunisation safety data. Vaccine. 2016;
34: 6047-6056. https://doi.org/10.1016/j.vaccine.2016.03.045 PMID: 27743648

McCormick MC, Litt JS, Smith VC, Zupancic JAF. Prematurity: An Overview and Public Health Implica-
tions. Annu Rev Public Health. 2011; 32: 367-379. https://doi.org/10.1146/annurev-publhealth-090810-
182459 PMID: 21219170

Khoshnood Shariati M, Karimi Z, Rezaienejad M, Basiri A, Torkestani F, Saleh Gargari S. Perinatal
complications associated with preterm deliveries at 24 to 33 weeks and 6 days gestation (2011-2012):
A hospital-based retrospective study. Iran J Reprod Med. 2015; 13: 697-702. PMID: 26730244

Howson CP, Kinney MV, McDougall L, Lawn JE, the Born Too Soon Preterm Birth Action Group. Born
Toon Soon: Preterm birth matters. Reprod Health. 2013; 10: 1. https://doi.org/10.1186/1742-4755-10-1

Richard E. Behrman, Butler AS,. Preterm birth: Causes, Consequences and Prevention. Washington
(DC): National Academies Press (US); 2007.

Durandy A. Ontogeny of the Immune System. Transfus Med Hemotherapy. 2003; 30: 222—227. https://
doi.org/10.1159/000074287

Melville JM, Moss TJM. The immune consequences of preterm birth. Front Neurosci. 2013; 7. https:/
doi.org/10.3389/fnins.2013.00079 PMID: 23734091

Miller JE, Hammond GC, Strunk T, Moore HC, Leonard H, Carter KW, et al. Association of gestational
age and growth measures at birth with infection-related admissions to hospital throughout childhood: a
population-based, data-linkage study from Western Australia. Lancet Infect Dis. 2016; 16: 952—-961.
https://doi.org/10.1016/S1473-3099(16)00150-X PMID: 27052469

Ray KN, Lorch SA. Hospitalization of early preterm, late preterm, and term infants during the first year
of life by gestational age. Hosp Pediatr. 2013; 3: 194-203. PMID: 24313087

Houweling LMA, Bezemer ID, Penning-van Beest FJA, Meijer WM, van Lingen RA, Herings RMC. First
Year of Life Medication Use and Hospital Admission Rates: Premature Compared with Term Infants. J
Pediatr. 2013; 163: 61-66.e1. hitps://doi.org/10.1016/j.jpeds.2012.12.014 PMID: 23333133

Chi H, Chung C-H, Lin Y-J, Lin C-H. Seasonal peaks and risk factors of respiratory syncytial virus infec-
tions related hospitalization of preterm infants in Taiwan. Chen C-J, editor. PLOS ONE. 2018; 13:
€0197410. https://doi.org/10.1371/journal.pone.0197410 PMID: 29746578

Dong Y, Yu J-L. An overview of morbidity, mortality and long-term outcome of late preterm birth. World
J Pediatr. 2011; 7: 199-204. https://doi.org/10.1007/s12519-011-0290-8 PMID: 21822987

McLaurin KK, Hall CB, Jackson EA, Owens OV, Mahadevia PJ. Persistence of Morbidity and Cost Dif-
ferences Between Late-Preterm and Term Infants During the First Year of Life. PEDIATRICS. 2009;
123: 653—-659. https://doi.org/10.1542/peds.2008-1439 PMID: 19171634

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. New York: Lawrence Erl-
baum Associates, Publishers; 1988.

Lisonkova S, Sabr Y, Butler B, Joseph K. International comparisons of preterm birth: higher rates of late
preterm birth are associated with lower rates of stillbirth and neonatal death: International comparisons
of preterm birth rates. BJOG Int J Obstet Gynaecol. 2012; 119: 1630—-1639. https://doi.org/10.1111/j.
1471-0528.2012.03403.x PMID: 23164112

Forslund M, Bjerre |. Growth and development in preterm infants during the first 18 months. Early Hum
Dev. 1985; 10: 201-216. https://doi.org/10.1016/0378-3782(85)90051-9 PMID: 3987573

Grlber C, Keil T, Kulig M, Roll S, Wahn U, Wahn V, et al. History of respiratory infections in the first 12
yr among children from a birth cohort. Pediatr Allergy Immunol. 2008; 19: 505-512. https://doi.org/10.
1111/j.1399-3038.2007.00688.x PMID: 18167154

Kosma Evi, Hammargren Maria, Charlotte Palme Kilander. Bronchiolitis during the first year after birth
in term and preterm infants. European Respiratory Journal 2014: 4234.

Figueras-Aloy J, Manzoni P, Paes B, Sim&es EAF, Bont L, Checchia PA, et al. Defining the Risk and
Associated Morbidity and Mortality of Severe Respiratory Syncytial Virus Infection Among Preterm
Infants Without Chronic Lung Disease or Congenital Heart Disease. Infect Dis Ther. 2016; 5: 417-452.
https://doi.org/10.1007/s40121-016-0130-1 PMID: 27628014

Bufiuel Alvarez JC., Vila Pablos, Puig Congost M., Diez Garcia S. Influence of type of infant feeding
and other factors on the incidence of respiratory tract infections in infants followed at a primary care cen-
ter. 2002;Atencion Primaria: 268—77. https://doi.org/10.1016/s0212-6567(02)70563-5 PMID: 11996726

Lu N, Samuels ME, Shi L, Baker SL, Glover SH, Sanders JM. Child day care risks of common infectious
diseases revisited. Child Care Health Dev. 2004; 30: 361-368. https://doi.org/10.1111/j.1365-2214.
2004.00411.x PMID: 15191427

PLOS ONE | https://doi.org/10.1371/journal.pone.0224766 December 9, 2019 10/11


https://doi.org/10.1016/j.vaccine.2016.03.045
http://www.ncbi.nlm.nih.gov/pubmed/27743648
https://doi.org/10.1146/annurev-publhealth-090810-182459
https://doi.org/10.1146/annurev-publhealth-090810-182459
http://www.ncbi.nlm.nih.gov/pubmed/21219170
http://www.ncbi.nlm.nih.gov/pubmed/26730244
https://doi.org/10.1186/1742-4755-10-1
https://doi.org/10.1159/000074287
https://doi.org/10.1159/000074287
https://doi.org/10.3389/fnins.2013.00079
https://doi.org/10.3389/fnins.2013.00079
http://www.ncbi.nlm.nih.gov/pubmed/23734091
https://doi.org/10.1016/S1473-3099(16)00150-X
http://www.ncbi.nlm.nih.gov/pubmed/27052469
http://www.ncbi.nlm.nih.gov/pubmed/24313087
https://doi.org/10.1016/j.jpeds.2012.12.014
http://www.ncbi.nlm.nih.gov/pubmed/23333133
https://doi.org/10.1371/journal.pone.0197410
http://www.ncbi.nlm.nih.gov/pubmed/29746578
https://doi.org/10.1007/s12519-011-0290-8
http://www.ncbi.nlm.nih.gov/pubmed/21822987
https://doi.org/10.1542/peds.2008-1439
http://www.ncbi.nlm.nih.gov/pubmed/19171634
https://doi.org/10.1111/j.1471-0528.2012.03403.x
https://doi.org/10.1111/j.1471-0528.2012.03403.x
http://www.ncbi.nlm.nih.gov/pubmed/23164112
https://doi.org/10.1016/0378-3782(85)90051-9
http://www.ncbi.nlm.nih.gov/pubmed/3987573
https://doi.org/10.1111/j.1399-3038.2007.00688.x
https://doi.org/10.1111/j.1399-3038.2007.00688.x
http://www.ncbi.nlm.nih.gov/pubmed/18167154
https://doi.org/10.1007/s40121-016-0130-1
http://www.ncbi.nlm.nih.gov/pubmed/27628014
https://doi.org/10.1016/s0212-6567(02)70563-5
http://www.ncbi.nlm.nih.gov/pubmed/11996726
https://doi.org/10.1111/j.1365-2214.2004.00411.x
https://doi.org/10.1111/j.1365-2214.2004.00411.x
http://www.ncbi.nlm.nih.gov/pubmed/15191427
https://doi.org/10.1371/journal.pone.0224766

@ PLOS|ONE

Risk of infection in preterm infants

22,

23.

24,

25.

26.

Miyahara R, Takahashi K, Anh NTH, Thiem VD, Suzuki M, Yoshino H, et al. Exposure to paternal
tobacco smoking increased child hospitalization for lower respiratory infections but not for other dis-
eases in Vietnam. Sci Rep. 2017; 7: 45481. https://doi.org/10.1038/srep45481 PMID: 28361961

Ramasethu J. Prevention and treatment of neonatal nosocomial infections. Matern Health Neonatol
Perinatol. 2017; 3. https://doi.org/10.1186/s40748-017-0043-3 PMID: 28228969

Dong Y, Speer CP. Late-onset neonatal sepsis: recent developments. Arch Dis Child—Fetal Neonatal
Ed. 2015; 100: F257—-F263. https://doi.org/10.1136/archdischild-2014-306213 PMID: 25425653

Manuck TA, Rice MM, Bailit JL, Grobman WA, Reddy UM, Wapner RJ, et al. Preterm neonatal morbid-
ity and mortality by gestational age: a contemporary cohort. Am J Obstet Gynecol. 2016; 215: 103.e1-
103.e14. https://doi.org/10.1016/j.ajog.2016.01.004 PMID: 26772790

Gupta N, Divedi P, Dwivedi D. Preterm labour and its effect on perinatal morbidity and mortality. Int J
Reprod Contracept Obstet Gynecol. 2018; 7: 1993. https://doi.org/10.18203/2320-1770.ijrcog20181944

PLOS ONE | https://doi.org/10.1371/journal.pone.0224766 December 9, 2019 11/11


https://doi.org/10.1038/srep45481
http://www.ncbi.nlm.nih.gov/pubmed/28361961
https://doi.org/10.1186/s40748-017-0043-3
http://www.ncbi.nlm.nih.gov/pubmed/28228969
https://doi.org/10.1136/archdischild-2014-306213
http://www.ncbi.nlm.nih.gov/pubmed/25425653
https://doi.org/10.1016/j.ajog.2016.01.004
http://www.ncbi.nlm.nih.gov/pubmed/26772790
https://doi.org/10.18203/2320-1770.ijrcog20181944
https://doi.org/10.1371/journal.pone.0224766

