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Abstract.

BACKGROUND: The lockdowns imposed by countries due to COVID-19 pandemic had enormous impact on healthcare.
Our goal is to determine consequences of the COVID-19 pandemic lockdown on neonatal hospitalizations and disease
incidence in our hospital.

METHODS: Observational retrospective study comparing newborns admitted to the neonatal care unit (NCU) from emer-
gency department (ED). Newborns were distributed in two groups according to the date of the lockdown (22/3/2020):
pre-lockdown group (12 month before) and post-lockdown group (12 month after). Categorical variables were compared
according to chi square test and continuous variables with Mann-Whitney test. A Bonferroni corrected p-value < 0.006 was
considered statistically significant. The monthly hospitalization rate between the two groups was analyzed with Generalized
Method of Moments — System.

RESULTS: We included 99 patients, 65/99 (65.7%) in the pre-lockdown group and 34/99 (34.3%) in the post-lockdown group.
Pre-lockdown group: median age at hospitalization 19 (10-26) days, duration of symptoms 12 (5.5-36) hours. Post-lockdown
group: median age at hospitalization 16 (6-24) days, duration of symptoms 14 (6—72) hours. The incidence of contagious
disease was higher in the pre-lockdown group: 27/65 (41.5%) versus 3/34 (8.8%) in post-lockdown group (p =0.001). No
statistically significant difference in gestational age, gender, age at hospitalization, duration of symptoms and length of stay.
CONCLUSION: Lockdown decreased admissions in NCU due to the decrease in contagious infections. The similar duration
of symptoms before age at hospitalization in the two groups might indicate that health care accessibility has been maintained.
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1. Introduction

The coronavirus disease 2019 (COVID-19) pan-
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mortality, it does not have the same impact on individ-
uals of pediatric age [1-5]. Unfortunately, not only
the direct impact of disease matters. The pandemic
had enormous impact on society and healthcare, and
due to the high rates of transmission around the
world many governments imposed measures to try
to decrease transmission within the community and
the burden of health care due to the large num-
ber of admissions and mortality rate [3—7]. These
impositions, together with the imposition of evic-
tion of social contact and telework, constitute a set
of measures that define the “lockdown”. Many coun-
tries imposed lockdowns, which were followed by a
decrease on the demand for health care.

There was no memory of having applied this mea-
sure recently in Portugal and it was expected that
the impact on the reduction would not be exclusive
to cases of coronavirus infection, but also on other
infections [8]. A state of emergency was decreed in
our country, starting on 22/03/2020 with mandatory
home collection, teleworking, closure of several ser-
vices, with only essential goods and health services
remaining open. Schools closed on March 16. With
this closure, the economic costs, the social isolation
and the interruption of learning increased [3].

In several reports around the world, there was a
decrease in admissions to hospital services, both for
infectious and non-infectious conditions, which may
be related not only to the lockdown, but also to the
change in healthcare-seeking behavior, with empha-
sis in care avoidance. Looking at it from another
perspective, this delay can lead to admissions of
patients with more advanced disease. In addition, dis-
eases that require observation and emergent action
continue to appear [3, 4, 6-11].

It was reported, in pediatric age, a decrease in cases
of respiratory pathology, requiring intensive care, as
well as an increase in the time spent seeking health
care and in the number of cases of non-accidental
injuries [4].

Regarding newborn admissions, there is not much
information in the literature. Although newborns are
included in pediatrics, and the same associations can
be made, they constitute a population with particu-
lar characteristics. In addition to the increased risk
of severe invasive disease, comorbidities associated
with pregnancy, childbirth and postpartum, they are a
group in which, out of fear and anxiety, parents more
easily seek emergency services. Difficulty in access-
ing peripheral health services can even contribute to
the increase in admissions of newborns to hospital
emergencies [12].

The aim of this study was to determine the con-
sequences of the COVID-19 pandemic on disease
incidence and on the hospitalizations of neonatal
patients from the community after the first lockdown.

2. Methods
2.1. Study design

This study was a single-centre, retrospective,
observational, population-based analysis of admis-
sions in the neonatal care unit (NCU) of Hospital Sen-
hora da Oliveira, from emergency pediatric depart-
ment between March 22 2019 and March 21 2021.

Within this period, a division into two groups was
carried out, considering the date of imposition of
the lockdown, and a comparison was made between
them.

2.2. Data source and collection

All admissions of newborns (<28 days of life or <4
weeks of corrected age in case premature) to the NCU
from the emergency department (ED) were consid-
ered. No hospitalizations were excluded. The sample
size corresponds to the total number of hospitaliza-
tions.

Data were obtained from informatics system
software (B—ICU.Care®, version 2021.02.1, Porto,
Portugal), and converted in an anonymized form
and was conducted according to the general data
protection regulation. Data were recorded in IBM®
Statistical Package for the Social Sciences (SPSS®)
and StataCorp LLC® Statistical Software for Data
Science (STATA®).

Ethical permission granted by the hospital ethics
committee.

2.3. Variables

The monthly admission number of newborns to
the ED, as well as the monthly number of hospital-
izations, were collected.

The following variables, from each newborn, were
collected: gender, gestational age, age at hospital-
ization, duration of symptoms until hospitalization,
length of stay, diagnosis and etiology.

Hospitalizations by pathology were grouped and
classified as infectious and non-infectious. Subse-
quently, the infectious group was sub-classified into
contagious and non-contagious, according to the
known agent.
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Table 1
Newborns admitted to the NCU (gestational age, gender, age and length of stay)
Pre-lockdown Post-lockdown p
n=65 n=34

Gestational age <=31 weeks 6/65 (9.2%) 2/34 (5.9%) 0.044
32-33 weeks 5/65 (7.7%) 0/34 (0%)
34-36 weeks 3/65 (4.6%) 0/34 (0%)
Term 51/65 (78.5%) 32/34 (94.1%)

Gender Male 36/65 (55.4%) 19/34 (55.9%) 0.962
Female 29/65 (44.6%) 15/34 (44.1%)

Age at hospitalization (days)
Length of stay (days)

19 (IQR: 10-26)
3 (IQR: 2-7)

16 (IQR:6-24) 0.210
3 (IQR: 2-7) 0.855

2.4. Statistical analysis

Newborns were distributed in two groups accord-
ing to the date of hospitalization in regard to
the lockdown (22/3/2020): Pre-lockdown group (12
month before) and post-lockdown group (12 month
after).

Statistical analysis of data collected from each
newborn hospitalized was conducted using SPSS®,
version 26 (Armonk, NY, USA). For continuous vari-
ables (age, duration of symptoms and length of stay),
as they are non-parametric variables, the median and
interquartile range (IQR) were calculated and they
were compared using the Mann-Whitney test. We
calculated absolute and relative frequency in cate-
gorical variables. These were compared according
to chi square test. Bonferroni manual correction was
applied for multiple comparisons. We performed 8
comparisons. A p-value <0.006 was considered sta-
tistically significant.

The monthly hospitalization rate between the two
groups was statistically analyzed using STATA®,
version 17 (College Station, Texas, USA), with
regression analysis — Generalized Method of
Moments — System, considering a statistically sig-
nificant p <0.05.

3. Results

During the study period, 529 ED admissions were
recorded, 337/529 (63.7%) in pre-lockdown group
and 192/529 (36.3%) in post-lockdown group. In our
study, we included 99 newborns, 55/99 (55.6%) male,
44/99 (44.4%) female, corresponding to 99 hospital
inpatients.

The median age was 18 days (IQR: 8-24), duration
of symptoms was 12 hours (IQR: 6-48) and length
of stay was 3 days (IQR: 2-7).

After grouping, according to the lockdown date,
65/99 (65.7%) newborns were included in the
pre-lockdown group and 34/99 (34.3%) in the post-
lockdown group.

36/65 (55.4%) newborns in the pre-lockdown
group were male. In terms of gestational age, in the
pre-lockdown group, 14/65 (21.5%) were preterm;
6/65 (9.2%) newborns were younger than 31 weeks,
5/65 (7.7%) were 32-32 weeks, and 3/65 (4.6%) were
34-36 weeks. The median age at hospitalization was
19 days (IQR: 10-26)

In the post-lockdown group 19/34 (55.9%) new-
borns were male, 2/34 (5.9%) were preterm (both
with less than 32 weeks of gestational age). The
median age at hospitalization was 16 (IQR: 6-24)
days (Table 1).

There was no statistically significant difference in
age at hospitalization, between gestational age and
between genders in both groups (Table 1).

Regarding the duration of symptoms, when pre-
lockdown group was analyzed median was 12 (IQR:
5.5-36) hours and in post-lockdown group median
was 14 (IQR: 6-72) hours. The median hospital
length of stay in both groups was 3 (IQR: 2-7)
days (pre-lockdown 3, post-lockdown 3). There was
no statistically significant difference in duration of
symptoms (p =0.691) and length of stay (p =0.855)
between both groups.

The diagnosis at admission to the neonatology unit,
in both groups, are identified in Table 2. In other
infections are included: Cellulitis of the finger and
conjunctivitis. In “other diagnosis” were included:
Seizures, inguinal hernia, aortic coarctation, cow’s
milk protein allergy, feeding difficulties, hypotony,
vomiting, grunting, umbilical cord alteration, West
Syndrome, rash, maternal anxiety, and refusal to
feed.

We verified that 52/99 (52.5%) of all hospital-
izations was due to infectious causes, 39/65 (60%)
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Table 2

Diagnosis at hospitalization, per group

Pre-lockdown

Post-lockdown

group n =65 group n=34
Bronchiolitis 20/65 (30.8%) 1/34 (2.9%)
Jaundice 6/65 (9.2%) 7/34 (20.6%)
Urinary tract infection 3/65 (4.6%) 7/34 (20.6%)
BRUE 8/65 (12.3%) 3/34 (8.8%)
Nasopharyngitis 5/65 (7.7%) 1/34 (2.9%)
Sépsis 4/65 (6.2%) 1/34 (2.9%)
Dehydration 2/65 (3.1%) 1/34 (2.9%)
Pneumonia 1/65 (1.5%) 1/34 (2.9%)
Excessive weight loss 2/65 (3.1%) 0/34 (0%)
Meningitis 1/65 (1.5%) 0/34 (0%)
Mastitis 1/65 (1.5%) 0/34 (0%)
Perianal abcess 0/65 (0%) 1/34 (2.9%)
Other infectious 4/65 (6.2%) 1/34 (2.9%)
Other non-infectious 8/65 (12.3%) 10/34 (29.4%)

of admissions in the pre-lockdown group and 13/34
(38.2%) in the post-lockdown group.

Bronchiolitis was the most frequent pre-lockdown
diagnosis and both jaundice and urinary tract
infection were most frequent diagnosis in the post-
lockdown group.

We reclassified infectious group disease accord-
ing to contagiousness. We included bronchiolitis,
pneumonia, nasopharyngitis and meningitis in the
contagious group. There was an overall incidence of
30/99 (30%) of contagious diseases. The incidence of
contagious infectious disease was higher in the pre-
lockdown group: 27/65 (41.5%), versus 3/34 (8.8%)
in post-lockdown group (Table 3). This decrease is
statistically significant (p =0.001).

When we compare both groups according to
monthly rate hospitalization we observe in pre-
lockdown group, mean of 26 newborn ED admissions
per month (11-40). Hospitalizations in the NCU per
month variates between O and 15, with mean 5,
standard deviation (SD) 3.98. The monthly rate of
hospitalizations varies between the null value, given
that in some periods there were no hospitalizations
and 15/31 (48.4%), with mean 19.7%.

In post-lockdown group, mean of 15 admissions
per month (2-24). Hospitalizations per month vari-
ates between 0 and 6, with mean 3, SD 1.85. The

monthly rate of hospitalizations varies between the
null value and 4/10 (40.0%), with mean 17.6%. The
rates of all hospitalizations and categories of hospi-
talizations are show in Fig. 1.

In the pre-lockdown group, non-infections have a
very weak relationship with the number of admis-
sions (p=0.0187). The same is not true for the total
number of non-contagious and contagious, given that
they have a moderate relationship with the number of
admissions, so they can have a significant impact on
them, verified by the obtained correlation coefficient
(p=0.4451 and p=0.3904). The same is verified in
the post-lockdown group, however, in relation to the
contagious group, the correlation coefficient obtained
(p=0.4536) is higher than pre-lockdown.

Estimation with Generalized Method of Moments
— System allowed to conclude that, with regard to
the total rate of hospitalizations, there are no differ-
ences considered statistically significant between the
two analyzed periods, due to the high proof value.
The same result for non-infections and infectious
non-contagious.

Nonetheless, for contagious infectious causes,
differences considered statistically significant were
found between the two groups. We found a decrease
in rate of hospitalizations post-lockdown, and this
finding is statistically significant (p =0.04). In pre-
lockdown group, there is an important increase in the
contagious infections in December of the year con-
sidered. On the other hand, the months from May to
August have zero hospitalizations. In post-lockdown
group there are no peaks as high as in the previous
case, the oscillations are smaller and the differences
between the periods become evident (Fig. 1).

4. Conclusion

Lockdowns associated with COVID-19 pandemic
decreased hospital admissions in this NCU, as
reported, at the pediatric level, in some interna-
tional studies. Williams et al. [4] in a retrospective
study, showed that the decrease in hospitalizations
to pediatric intensive care units was largely due to

Table 3
Hospitalizations to the NCU, according to contagiosity, per group
Pre-lockdown Post-lockdown p
group n=65 group n=34
Non-infectious 26/65 (40.0%) 21/34 (61.8%) 0.039
Infectious Contagious 27165 (41.5%) 3/34 (8.8%) 0.001
Non-contagious 12/65 (18.5%) 10/34 (29.4%) 0.213
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Fig. 1. Lines plot showing rates for total hospitalizations and for each category. Monthly raw numbers of total admissions are shown, by
month, on the x-axis (inside parentheses). Abbreviations: ER, Emergency Room; Jan, January; Feb, February; Mar, March; Apr, April; Jun,
June; Jul, July; Aug, August; Sep, September; Oct, October; Nov, November; Dec, December.

the reduction in admissions for respiratory diseases,
which seems to be similar to what we found in our
reality where the main causal factor seems to be the
decrease in contagious infectious conditions.

This situation happened likely due to hygiene and
confinement measures that decreased transmission
and incidence of contagious infections. In fact, when
looking in the literature, it appears that the decrease in
the number of admissions to emergency services after
the application of lockdown is multifactorial. These
factors include fear of contracting the disease in the
hospital, travel restrictions and avoidance to reduce
overloading the health systems [3-9].

There are reports showing an increase in the num-
ber of newborns (including low-birth-weight and
premature) cared for in the ED and admitted in neona-
tal units, in a likely context of reduced accessibility
and delay to access to health services (including
local health care) [9, 12]. When analyzing the data
obtained, we verified there was no increase in the
duration of symptoms at the time of hospitalization.
This might reflect the maintenance of health care
access at our hospital, although we cannot conclude
it in a solid manner, since the referred studies encom-
pass different populations. As SARS-CoV-2 disease

is usually mild in pediatric patients, it may also con-
tribute to this fact [1, 4, 5, 13].

Looking at our data, the clear reduction in conta-
gious conditions caused by the lockdown will be the
likely cause of the drop observed in NCU hospital-
izations.

Some studies reports possibility of pressure on the
part of caregivers and professionals for earlier dis-
charge, due to avoiding long stays in the hospital
environment. Our study showed similar length of stay
in both groups but it is not possible to conclude about
the real cause of these data, because it can be mul-
tifactorial. A directed study would be necessary to
reveal the causes of this finding.

Another interesting fact is about prematurity.
SARS-CoV-2 infection in pregnant woman is asso-
ciated with increase in preterm delivery, premature
rupture of membranes and small gestational age
babies [9, 14, 15]. Despite this fact, we know that
preterm infants are more likely to contract infectious
diseases and, given the above, the lower number of
contagious cases translates into a lower number of
hospitalized preterm infants. However, we did not
find statistically significant data (Table 1) that would
allow us to formalize a conclusion about this factor.
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The main limitation of this study is the number
of patients included. In addition to this, the study
does not allow to calculate the weight of each isolated
lockdown measure in the reduction of the burden of
hospital admissions. This reduction was compared
taking into account several measures taken together,
associated with the lockdown. Even so, the observed
reduction is most likely associated with the global
drop in infectious and contagious etiologies.

In our sample, lockdown was not associated with
an apparent decrease in access to healthcare, but a
strong association is not possible, as this depends
on many factors. However, we can conclude that
there was a decrease in hospitalizations for conta-
gious pathology after the lockdown, in the age group
studied.
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