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Abstract

Background: To investigate the impact of the coronavirus disease 2019 (COVID-19) pandemic on hospitalizations for
neonatal infectious diseases.

Methods: We analyzed data for neonatal inpatients admitted at a tertiary academic hospital with a principal diag-
nosis of an infectious disease during January 2015 to December 2020. We compared hospitalizations in 2020 (COVID-
19 cohort), corresponding with the impact of COVID-19 pandemic and associated containment measures, and the
comparable 2015 to 2019 (pre-COVID-19 cohort).

Results: 14,468 cases admitted for neonatal infectious diseases were included in our study, with 1201 cases in the
COVID-19 cohort and 13,267 cases in the pre-COVID-19 cohort. The leading causes of hospitalizations for neona-

tal infectious diseases remain being respiratory tract infections (median ratio=0.461, 95% Cl 0.335-0.551), sepsis
(median ratio=0.292, 95% Cl 0.263-0.361), gastric intestinal infections (median ratio =0.095, 95% C| 0.078-0.118) and
dermatologic infections (median ratio=0.058, 95% Cl 0.047-0.083). The seasonality of neonatal infectious disease
hospitalizations could be obviously observed, with the total number and the overall rate of hospitalizations for neo-
natal infectious diseases in the first and fourth quarters greater than that of hospitalizations for neonatal infectious
diseases in the second and third quarters in each year (1362.67 & 360.54 vs 1048.67 £ 279.23, P=0.001; 8176/20020 vs
6292/19369, P <0.001, respectively). Both the numbers and the proportions of hospitalizations for neonatal infectious
diseases in different quarters of the COVID-19 cohort significantly decreased as compared with those forecasted with
the data from the pre-COVID-19 cohort: the numbers per quarter (300.25 4 57.33 vs 546.64 £ 100.43, P-value = 0.006),
the first quarter (0.34 vs 0.40, P=0.002), the second quarter (0.24 vs 0.30, P=0.001), the third quarter (0.24 vs 0.28,
P=0.024), and the fourth quarter (0.29 vs 0.35, P=0.003).

Conclusions: Despite the outbreak of the COVID-19 pandemic, the leading causes of hospitalizations for neonatal
infectious diseases remain unchanged. The seasonality of neonatal infectious disease hospitalizations could be obvi-
ously observed. The numbers as well as the overall rates of hospitalizations for neonatal infectious diseases in the
COVID-19 cohort dramatically declined with the impact of the COVID-19 pandemic and its mitigation measures.
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Background

Infectious diseases have traditionally been a major cause
of morbidity and mortality in neonates [1-3], constitut-
ing one of the highest proportions of hospitalization dur-
ing neonatal period [4]. Acquiring a better understanding
of neonatal infectious diseases is crucial for decision
making on public health priorities and appropriate man-
agement providing for newborn infants. Thus, it is very
important to study the status and trends of infectious dis-
eases in neonates.

The coronavirus disease 2019 (COVID-19) global pan-
demic is caused by a novel coronavirus named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which was first identified in December 2019 [5]. In 2020,
as the COVID-19 rapidly developed into a global health
emergency, national and local governments around the
world introduced mandated lockdowns, quarantines, iso-
lation, mask wearing, social distancing, and other meas-
ures to curb the pandemic in the interest of public health
[6-8]. Although China has effectively reversed the pan-
demic situation and curbed the spread of COVID-19 in
the first quarter of 2020 [9], great efforts including mask
wearing, social distancing, vaccinations, test and trace
strategies continue to struggle against COVID-19 [10-
12]. Not only have these mitigation measures effectively
maintained containment of COVID-19, but also they
have impacted the prevalence of hospitalizations for neo-
natal infectious diseases.

The aims of the present study were to analyze the
trend of hospitalizations for neonatal infectious diseases
at a tertiary academic hospital and to assess impact of
COVID-19 pandemic and associated prevention and
control measures on infectious disease hospitalizations of
neonates.

Methods

Study design and patients’ data

A hospital based cross-sectional study was conducted by
collecting epidemiological data on hospital admissions
for infectious diseases in neonatal inpatients at a ter-
tiary academic hospital (the Children’s Hospital, Zheji-
ang University School of Medicine) from January 2015 to
December 2020. The age of patients who required hospi-
talization with principal diagnoses of infectious diseases
in the data set ranged from 0 to 28 days. Our institution
is a national clinical research center for child health and a
tertiary hospital of pediatric healthcare that has approxi-
mately 3.5 million outpatient visits and 81,000 inpatient
admissions every year. The prevalence of infectious

disease hospitalizations of neonates has been impacted
by COVID-19 pandemic and corresponding containment
measures implemented since January 2020.

Protocol

The study protocol was approved by the ethics commit-
tee of the Children’s Hospital, Zhejiang University School
of Medicine (IRB/EC Ref No. 2021-IRB-166). All of the
clinical data included in this study were fully anonymized
and could no longer be retraced. The need for individual
informed consent was waived by the ethics committee
because of the retrospective nature and anonymity of the
study.

Inclusion criteria

Included were all neonatal inpatients with: (i) admission
age ranged from O to 28 days AND (ii) principal diagno-
ses of infectious diseases AND (iii) who were admitted
from January 2015 to December 2020.

Exclusion criteria

Excluded were neonatal inpatients with: (i) repetitive
records OR (ii) lack of medical information (eg, length
of hospital stay <2 days) OR (iii) non-infectious cases of
newborn.

The variables collected for analysis included date of
admission, date of discharge, length of stay, age, gender
and principal diagnosis. An early newborn is defined as
a newborn with postnatal age of less than 7 days and a
late newborn is defined as a neonate with postnatal age
of beyond 7 days. The diagnoses were made according to
the International Classification of Diseases, version 10
(ICD-10). To facilitate the effective analysis, the diagno-
ses were grouped by using the subcategories criteria into
respiratory infection, digestive system infection, urinary
tract infection, intracranial infection, systemic infection
and other or not specified infection. The cases with infec-
tion of two or more subcategories were coded with the
first principal diagnoses. Clinical data were collected to
compare hospitalizations during four quarters of 2020
(COVID-19 cohort), corresponding with the impact of
COVID-19 pandemic and associated containment meas-
ures, and the comparable 2015 to 2019 quarters (pre-
COVID-19 cohort).

Statistical analysis

The categorical variables were described as abso-
lute and relative frequencies, and numerical variables
were described as mean values and standard deviations
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(SD). Categorical variables were compared between
the COVID-19 and pre-COVID-19 cohorts by means
of Chi-square tests. T-test was applied to compare nor-
mally distributed continuous variables. The simple sea-
sonal model and Winters’ additive model were set up
to forecast the numbers of hospitalizations for neonatal
infectious diseases and proportions of those to the total

40800 neonatal cases admitted at our
hospital from 2015 to 2020

1411 excluded for repetitive

» medical records and incomplete
information

A 4

39389 eligible neonatal cases

24921 non-infectious cases of

newborn

A 4

14468 neonatal cases with infectious
disease

|

Pre-COVID-19 cohort (13267 cases):
2475 cases in 2015, 2941 cases in 2016,
2918 cases in 2017, 2458 cases in 2018,
2475 cases in 2019.

COVID-19 cohort: 1201 cases in 2020.

Fig. 1 Study profile: A total of 40,800 cases of neonatal inpatients
provided data to our study, and 14,468 of them were principally
diagnosed with infectious diseases in the study, with 1201 cases in
the COVID-19 cohort (2020) and 13,267 cases in the pre-COVID-19
cohort (from 2015 to 2019)

Page 3 of 9

hospitalizations of neonates, respectively. All analyses
were performed with SPSS Statistics for Windows (soft-
ware version 26.0). All P values <0.05 were considered
statistically significant.

Results

Figure 1 illustrates study participant selection and dis-
tribution in different years. Of the 40,800 cases of neo-
natal inpatients providing data to our study, 39,389 met
inclusion criteria and contributed patient data to the
study. 14,468 of them were principally diagnosed with
infectious diseases (An Additional file 1 shows this in
more detail), corresponding to a mean neonatal infec-
tious disease hospitalization rate of 36.73%. There were
1201 cases in the COVID-19 cohort and 13,267 cases in
the pre-COVID-19 cohort. All neonatal inpatients have
received a nucleic acid test before admission in an effort
to curb the spread of COVID-19 and ensure the safety of
medical care in our hospital from January to December
2020, and all the results have been negative.

Infectious disease hospitalizations of neonates

by demographic group

Categorization of ICD-10 codes for neonatal infectious
disease cases by site of infection or sepsis is shown in
Table 1. The demographic and clinical characteristics
as well as the principal diagnoses are summarized in
Table 2. This table also shows the comparisons of neo-
natal cases admitted for infectious diseases between the
COVID-19 and pre-COVID-19 cohorts. The numbers
of hospitalizations for neonatal infectious diseases of
early newborns and late newborns in different quarters
are shown in Fig. 2. In the hospitalizations for neonatal
infectious diseases, late newborns are in the majority
(64.8—87.8%). As shown in Fig. 2, the trend of the num-
ber of hospitalizations for infectious diseases of early
newborns is basically similar to that of late newborns,

Table 1 Categorization of ICD-10 codes for infectious diseases by site of infection or sepsis used to evaluate infectious disease
hospitalizations of neonates, the Children’s Hospital, Zhejiang University School of Medicine, 2015-2020

Category ICD-10 code

Respiratory tract infection

A37.0, A37.9, A49.3,B08.5, B97.4,J00.x, J02.9, J04.0, J04.2, 06.9, J10.0,J10.1,J11.0,J11.1,J12.1,J12.2,J16.0,116.8, J18.0,

J18.9,J204,J20.9,J40x,P22.2,P22.3,P23.0, P23.1,P23.6, P23.8, P23.9, P28.8, P35.0, P39.9, R05.x

Sepsis
R65.3

Gastric intestinal infection

Dermatologic infection

P36.2, P38x,P39.4,R22.9
Central nervous system infection
Urinary tract infection N34.2,N39.0, P39.3,R82.7

Other or not specified

A41.2, A41.9, A50.9,B00.9,B01.9,B08.4, B25.8, B25.9, B34.0, B34.9, P35.1, P36.3, P36.4, P36.9, P37.1, P58.2, R50.9, R65.2,

A02.0, A04.9, A08.0, A08.4, A09.0, A09.9, K12.1, K35.0, K51.9, K52.9, P59.2, P77 X, R56.8
B09.x, B35.0,H60.9, H61.9, K61.0, LO0.X, LO1.0, L02.2, L02.8, L02.9, L03.1, L03.3,L03.8, L03.9, L08.0, L08.9, L98.9, P15.8,

A39.0, A85.0, A86.x, A87.9, B00.3, B00.4, G00.8, GOO.9, G03.9, G04.8, G06.0

A54.3,H00.0, H04.3, H10.9, H66.0, H66.4, H66.9, H70.9, 140.0, K11.2, K65.9, M00.9, N61.X, P39.0, P39.1, P39.8, P81.9, P83 .4
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Table 2 Infectious disease hospitalizations of neonates by demographic group, the Children’s Hospital, Zhejiang University School of

Medicine, 2015-2020 (n=14,468)

Total (14,468) Pre-COVID-19 cohort (n=13,267) COVID-19 cohort (n=1201) P-value
Gender (male/female) 7468/5799 674/527 0.909
Postnatal age (days) 1459+844 1530+£8.12 0.004
Age group (early newborn/late newborn) 3041/10226 214/987 <0.001
Classification of diagnostic subcategories for infectious disease
Respiratory infection 6251 (47.12%) 556 (46.29%) 0.587
Systemic infection 4390 (33.09%) 286 (23.81%) 0.000
Digestive system infection 1255 (9.46%) 145 (12.07%) 0.004
Skin infection 773 (5.83%) 96 (7.99%) 0.003
Intracranial infection 71 (2.04%) 44 (3.66%) 0.000
Urinary tract infection 106 (0.80%) 24 (2.00%) 0.000
Other or not specified infection 221 (1.67%) 50 (4.16%) 0.000
Length of hospital stay (days) 8.87+7.60 8.65+7.44 0.330
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Fig. 2 The numbers of hospitalizations for neonatal infectious
diseases of early and late newborns. The numbers of both early and
late newborns impacted by the COVID-19 pandemic significantly
decreased in different quarters of 2020. Q: quarter

and the numbers of quarterly hospitalizations for infec-
tious diseases of both early newborns and late newborns
were significantly lower in the COVID-19 cohort com-
pared with the pre-COVID-19 cohort: early newborns
(53.50414.53 vs 149.70+£8.31, P=0.003), late newborns
(246.75+49.81 vs 513.65+104.98, P=0.003).

Leading causes among infectious disease hospitalizations
of neonates

By analyzing the principal diagnoses of the data, it is
found that there are many different causes of neonatal
infectious diseases, with some of the most common ones
being respiratory tract infections, sepsis, gastric intesti-
nal infections, dermatologic infections, central nervous
system infections and urinary tract infections (Fig. 3).
With the proportions of causes changing in different
quarters, the leading causes of hospitalizations for neo-
natal infectious diseases remain being respiratory tract

infections (median ratio=0.461, 95% CI 0.335-0.551),
sepsis (median ratio =0.292, 95% CI 0.263-0.361), gastric
intestinal infections (median ratio=0.095, 95% CI 0.078—
0.118) and dermatologic infections (median ratio =0.058,
95% CI0.047-0.083) in our study.

Infectious disease hospitalizations of neonates

by the seasonality

The observed numbers and the rates of hospitalizations
for neonatal infectious diseases fluctuated in different
quarters from January 2015 to December 2020 (Fig. 4).
The total number or the overall rate of hospitalizations
for neonatal infectious diseases in the first and fourth
quarters was greater than that of hospitalizations for neo-
natal infectious diseases in the second and third quar-
ters in each year (1362.67 +360.54 vs 1048.67 £279.23,
P=0.001; 8176/20020 vs 6292/19369, P<0.001, respec-
tively). Obviously, the seasonality of neonatal infectious
disease hospitalizations could be observed. As it fluctu-
ated in different quarters, the seasonality of respiratory
tract infectious disease hospitalizations could also be
obviously observed, with the total number or the over-
all rate in the first and fourth quarters greater than that
in the other two quarters in our study (767.50+197.78
vs 367.00+109.00, P<0.001; 4605/20020 vs 2202/19369,
P<0.001, respectively) (Fig. 4).

Infectious disease hospitalizations of neonates

by the impact of the COVID-19 pandemic

The simple seasonal model was applied to forecast the
numbers of hospitalizations for neonatal infectious
diseases in different quarters of 2020 with the data in
the pre-COVID-19 cohort. As shown in Fig. 5a, the
numbers of hospitalizations for neonatal infectious
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Fig. 3 The proportions of causes of hospitalizations for neonatal infectious diseases. The leading causes of hospitalizations for neonatal infectious
diseases included respiratory tract infections, sepsis, gastric intestinal infections and dermatologic infections in our study. Q: quarter

diseases in different quarters of the COVID-19 cohort
significantly declined as compared with those forecasted
(300.25 +57.33 vs 546.64+ 100.43, P=0.006).

The proportions of hospitalizations for neonatal infec-
tious diseases to the total hospitalizations of neonates
in different quarters of 2020 were forecasted by Win-
ters’ additive model with the data in the pre-COVID-19
cohort. As shown in Fig. 5b, the proportions of hospi-
talizations for neonatal infectious diseases to the total
hospitalizations of neonates in different quarters of the
COVID-19 cohort significantly decreased as compared
with those forecasted: the first quarter (0.34 vs 0.40,
P=0.002), the second quarter (0.24 vs 0.30, P=0.001),
the third quarter (0.24 vs 0.28, P=0.024), and the fourth
quarter (0.29 vs 0.35, P=0.003).

Discussion

This is a cross-sectional study on infectious disease hos-
pitalizations of neonates during 2015-2020, focusing on
the impact of COVID-19 pandemic on infectious disease
hospitalizations. Although perinatological interventions
and breakthroughs in neonatology have led to advances
in reduction of neonatal morbidity and mortality [13, 14],
infectious diseases remain to be the persistent threat of
neonatal health, corresponding to a mean neonatal infec-
tious disease hospitalization rate of over one third in our
study. In the interest of public health, a lot of preventive
measures have been introduced to curb the COVID-19
pandemic since January 2020. The neonates with infec-
tious diseases have been dramatically impacted by these
preventive measures. Thus, it is important to monitor

infectious diseases of neonates to better understand their
effect on the health care system and neonatal health.
Among neonatal factors that predispose neonates to
infections, the status of the innate and adaptive immune
response can play a significant role [15]. Early onset
infectious diseases that compromise early newborns are
mainly due to infections occurring during the antenatal
or intrapartum period [16], which is usually described as
“vertical transmission”. And late onset infectious diseases
that compromise late newborns result from pathogens
acquired from the environment after birth [17], which is
also known as “horizontal transmission” The significant
decreases in the number of infectious disease hospitali-
zations in both the early and late newborn suggest the
COVID-19 pandemic educational/governmental mitiga-
tion strategies can effectively reduce both vertical and
horizontal transmissions of infectious disease in neo-
nates, and the results could provide us with some ben-
eficial enlightenment for prevention of community- and
hospital-acquired infections of neonates. The COVID-19
pandemic educational/governmental mitigation strate-
gies are certainly effective in the prevention of infectious
diseases with horizontal transmissions, but the exact
mechanism by which the COVID-19 mitigation strategies
protect the neonates from vertically transmitted infec-
tions is unclear, which needs to be further investigated.
The respiratory tract infection was the most commonly
listed cause of infection among infectious disease hos-
pitalizations of neonates, and sepsis, gastric intestinal
infections and dermatologic infections were listed as the
other three main causes in infectious disease hospitaliza-
tions of neonates. These results are consistent with data
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documenting that the lower respiratory tract infection
had the highest mean annual age-adjusted rate among
infectious disease hospitalizations in the United States
during 2001 to 2014 [18].

The prevalence of the infectious disease hospitaliza-
tions of neonates had significant seasonality with a high
rate in winter and spring, especially respiratory tract
infection hospitalizations of neonates. These results
suggest considerable infectious disease hospitalizations
of neonates that are likely to be due to climate factors
that could alter the epidemiology of climate sensitive
pathogens and host immune response. The association
between climate factors and infectious disease is very
complex and influenced by many factors such as socioec-
onomic status, viral prevalence, temperature, precipita-
tion, relative humidity, and an increase in the level of air
pollutants [19-21]. Further investigation into the relation

between climate factors and neonatal infectious diseases
is warranted.

We observed the numbers as well as the proportions
of hospitalizations for neonatal infectious diseases in
different quarters of 2020 dramatically declined. The
main factor that drives such decreases in infectious dis-
ease hospitalizations of neonates is the impact of the
COVID-19 pandemic. A previously unknown corona-
virus was first discovered in samples from patients with
pneumonia in December 2019, which triggered a global
pandemic. The COVID-19 pandemic and its mitigation
strategies have caused an unprecedented impact on all
aspects of social and economic life, especially on human
health and healthcare systems worldwide. Compliance
of people with preventive measures and policies such as
social distancing, face masking, sanitation, and isolation
has played an important role in mitigating the pandemic
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as well as decreasing the prevalence of infectious disease
of neonates. The mitigation strategies and preventive
measures which are very effective in fighting the pan-
demic have contributed a lot in reducing the incidence
of infectious disease of neonates. It is worth mentioning
that public psychological factors should be considered.
Although there have been no government recommenda-
tions or hospital policies to limit hospitalization admis-
sion or outpatient treatment during the COVID-19

pandemic, a few people might have avoided hospital vis-
its and hospitalizations because they were worried about
being infected by COVID-19 while going to hospital. For-
tunately, there has been no significant increase in overall
neonatal mortality in our province during the COVID19
pandemic according to the recent public data.
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Study limitations

This study had a few limitations. First, epidemiological
data on hospital admissions for infectious diseases of
neonates, the basis for this study, are subject to bias and
other selective pressures that might affect principal diag-
nosis, such as reluctance to seek timely medical advice
and treatment for fear of contracting the novel coronavi-
rus in health care settings. Second, the study is a single-
center based cross-sectional study with a relatively small
sample. Third, we did not collect data on the pathogen
type of the hospitalized newborn infants with infectious
diseases. Finally, there were only inpatient data included
in our study and no outpatient data.

Conclusion

Despite the outbreak of the COVID-19 pandemic, the
leading causes of hospitalizations for neonatal infectious
diseases remain being respiratory tract infections, sepsis,
gastric intestinal infections and dermatologic infections
in our study. The numbers as well as the overall rates of
hospitalizations for neonatal infectious diseases in dif-
ferent quarters of 2020 dramatically declined because of
the impact of the COVID-19 pandemic and its mitigation
measures.
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