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Background & objectives: Data on neonatal COVID-19 are limited to the immediate postnatal period,
with a primary focus on vertical transmission in inborn infants. This study was aimed to assess the
characteristics and outcome of COVID-19 in outborn neonates.

Methods: All neonates admitted to the paediatric emergency from August 1 to December 31, 2020, were
included in the study. SARS-CoV-2 reverse transcription- (RT)-PCR test was done on oro/nasopharyngeal
specimens obtained at admission. The clinical characteristics and outcomes of SARS-CoV-2 positive and
negative neonates were compared and the diagnostic accuracy of a selective testing policy was assessed.

Results: A total of 1225 neonates were admitted during the study period, of whom SARS-CoV-2 RT-PCR
was performed in 969. The RT-PCR test was positive in 17 (1.8%). Mean (standard deviation) gestation
and birth weight of SARS-CoV-2-infected neonates were 35.5 (3.2) wk and 2274 (695) g, respectively.
Most neonates (11/17) with confirmed COVID-19 reported in the first two weeks of life. Respiratory
distress (14/17) was the predominant manifestation. Five (5/17, 29.4%) SARS-CoV-2 infected neonates
died. Neonates with COVID-19 were at a higher risk for all-cause mortality [odds ratio (OR): 3.1;
95% confidence interval (CI): 1.1-8.9, P=0.03]; however, mortality did not differ after adjusting for
lethal malformation (OR: 2.4; 95% CI: 0.7-8.7). Sensitivity, specificity, accuracy, positive and negative
likelihood ratios (95% CI) of selective testing policy for SARS-CoV-2 infection at admission was 52.9
(28.5-76.1), 83.3 (80.7-85.6), 82.8 (80.3-85.1), 3.17 (1.98-5.07), and 0.56 (0.34-0.93) per cent, respectively.

Interpretation & conclusions: SARS-CoV-2 positivity rate among the outborn neonates reporting to the
paediatric emergency and tested for COVID-19 was observed to be low. The selective testing policy had
poor diagnostic accuracy in distinguishing COVID-19 from non-COVID illness.
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Worldwide, more than 278 million patients have to adults, children are less affected and have better
COVID-19, with 5.4 million deaths'. As compared prognosis*®. Neonates are at risk for acquiring vertical
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and horizontal SARS-CoV-2 infection. The evidence
so far suggests that vertical transmission is uncommon,
and a more significant proportion of neonates acquire
SARS-CoV-2 infection in the postnatal period through
horizontal transmission from either infected mothers
or immediate caregivers*>. Most neonates remain
asymptomatic, and the overall prognosis is good*¢ !
Most of the studies on neonatal COVID-19 are
limited to inborn neonates and focused on vertical
transmission. This study was conducted to assess
the positivity rate, characteristics, and outcome of
COVID-19 among outborn neonates presenting to the
paediatric emergency in a tertiary care centre in north
India.

Material & Methods

This retrospective study was done at an outborn
neonatal unit of the department of Paediatrics,
Postgraduate Institute of Medical Education and
Research, Chandigarh, India. All outborn neonates
up to 44 wk postmenstrual age are admitted to the
newborn unit of paediatric emergency. All neonates
consecutively referred to the institute from August 1
to December 31, 2020 were enrolled. The details of all
the neonates at admission (day of life, history of fever,
cough, respiratory distress, day of life at the onset of
respiratory distress, admission diagnosis, respiratory
support, previous hospitalization, SARS-CoV-2 real-
time RT-PCR test, and outcome) were noted. Ethical
clearance, including waiver of consent, was obtained
from the institute’s ethics committee.

The ICMR national guidelines (https://www.
icmr.gov.in) for assessing eligibility for testing,
sample processing, and discharge'? were adopted.
Oro/nasopharyngeal specimens were obtained using
standard technique, and SARS-CoV-2 RT-PCR assay
(Cepheid Xpert Xpress SARS-CoV-2 assay, Cepheid
India Pvt. Ltd; Rewari, India) was used for COVID-19
testing. COVID-19-positive neonates were managed in
a dedicated COVID-19 facility.

During the first three weeks of August 2020, a
selective testing policy was adopted in which SARS-
CoV-2 RT-PCR testing was limited to those who
fulfilled any of the following criteria: (i) mother had
confirmed COVID-19 within 14 days before delivery,
(if) the infant had a history of close contact with
confirmed COVID-19 patient in the past 14 days,
(iii) neonates presenting with severe acute respiratory
illness (needing supplemental oxygen or respiratory
support to maintain oxygen saturation >90%) with

onset at more than 24 h of age with or without cough
and fever (>38°C)'%. Later (from August 20, 2020,
onwards), with a rising number of community cases,
universal screening policy was adopted in which
all symptomatic patients (irrespective of illness)
reporting to the emergency underwent COVID-19
testing (as recommended by ICMR)!*. Neonates who
tested negative were cared for in the outborn unit,
whereas confirmed COVID-19 cases were transferred
to the COVID facility of the hospital. The clinical
management of these neonates admitted at both places
was the same (irrespective of admission site) and was
done as per the standard protocols. The samples of
accompanying immediate caregivers of COVID-19
confirmed neonates were also sent for contact tracing,
if feasible. Rooming-in, breastfeeding, and Kangaroo
Mother Care (KMC) were allowed whenever deemed
possible. Repeat COVID-19 testing was limited to the
neonates needing further care at the institute.

The change from selective testing to universal
COVID-19 testing of all neonates presenting to
the hospital was not based on neonatal data but was
based on extrapolating from the adults. Therefore, the
positivity by selective testing in infants admitted after
August 20, 2020 was compared with the universal
testing to assess how many additional neonates were
identified by universal testing. Also, the overall
diagnostic accuracy of the selective testing policy was
evaluated.

Statistical analysis: The categorical variables were
presented as percentages and continuous variables as
mean (standard deviation) or median (1*-3" quartile).
The categorical variables were compared using a chi-
square test or Fisher’s exact test as appropriate and
numerical variables using Mann—Whitney U test.
Odds ratios (ORs) were calculated with 95 per cent
confidence intervals (Cls) for various outcomes among
COVID-19-positive neonates compared to COVID-19-
negative neonates. SPSS version 21 (IBM SPSS
Statistics, IBM Corp. Chicago, IL, USA) software was
used for statistical analysis.

Results & Discussion

A total of 1225 neonates were admitted during
the study period. The median (1*-3" quartile) age at
admission was two (1, 7) days. Of the 1225 neonates,
1127 (92%) were referred from the surrounding States,
and 875 (71.4%) had respiratory distress at admission.
Most of the neonates (486 of 1225) presented on day one
of life. Of the 1225 neonates, 192 (15.7%) either died
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or left against medical advice. SARS-CoV-2 RT-PCR
test was done in 969 of 1225 (79.1%) neonates. The
remaining 256 neonates could not be tested for various
reasons like not meeting the selective screening criteria
in the initial study period, died within four to six hours
of admission, or parents not willing for testing/care at
our hospital and left against medical advice. Of the 969
neonates tested for SARS-CoV-2 infection, only 17
(1.8%, 95% CI: 1.03-2.79) were positive. Five (29.4%)
COVID-19-confirmed neonates died, and none of them
left against medical advice.

For this study, only those neonates were analysed
whose SARS-CoV-2 testing was done (n=969). The
clinical characteristics of COVID-19-positive neonates
are presented in Table 1. Most of them (11/17) presented
in the first two weeks of life, and almost all (14/17)
presented with respiratory distress. The median (1%-3%
quartile) hospital stay was five (2-7) days. Five (29.4%)
COVID-19-positive neonates died during the hospital
stay. Two of them had lethal congenital anomalies
(Table 1), while the rest three died due to severe sepsis
(Klebsiella pneumonia - 1, Candida spp. - 1, culture-
negative sepsis - 1). Only one neonate had clinical and
radiological manifestations (bilateral ground-glass
opacities in peripheral lung fields) consistent with
COVID-19 pneumonia and received methylprednisolone
for five days. In the remaining 16 neonates, the clinical
features were either not attributed to the COVID-19, or
the disease was not severe enough to warrant specific
therapy.

The various risk factors/parameters among the
COVID-19 positive and negative neonates were
compared (Table II). COVID-19 confirmed neonates
had respiratory distress onset at a later age (2 vs. 1
day) and were admitted at an older postnatal age (11
vs. 3 days). Neonates having fever at admission had
significantly higher odds of having COVID-19 (OR:
12.5; 95% CI: 3.3-47.9, P=0.004). However, there
was no difference in cough, respiratory distress, prior
hospitalization, or need for mechanical ventilation.
Although neonates with confirmed COVID-19 were at
higher risk for all-cause mortality (OR: 3.1; 95% CI:
1.1-8.9, P=0.03), the difference was not significant
after adjusting for lethal congenital anomalies (OR:
2.4;95% CI: 0.7-8.7, P=0.17).

If we had followed the selective testing policy,
only 9/17 COVID-19 cases (53%) would have
been diagnosed. Therefore, the universal testing
policy identified additional eight (47%) cases. The

diagnostic accuracy of the selective testing policy
was assessed considering SARS-CoV-2 RT-PCR as
a gold standard. The sensitivity, specificity, accuracy,
positive and negative likelihood ratios were 52.9
(95% CI: 28.5-76.1), 83.3 (80.7-85.6), 82.8 per cent
(80.3-85.1), 3.17 (1.98-5.07), and 0.56 (0.34-0.93),
respectively. We also attempted to assess the effect
of change in the cut-off for the onset of respiratory
distress in the selective testing policy. As the cut-offs
were increased for the onset of respiratory distress,
the sensitivity dropped significantly with marginal
improvement in specificity. The sensitivity was 41.2
per cent (18.4-67.1) with 48 h. cut-off and 35.3 per cent
(14.2-61.7) with 72 h cut-off, while the specificity was
87.4 per cent (85.1-89.4) at 48 h and 89.4 per cent
(87.5-91.3) at 72 h.

As a part of contact tracing, at least one of the
parents in 13 neonates (13 mothers and four fathers)
could be tested. In five cases mother was COVID-19-
positive, whereas in one neonate mother was negative,
but the father tested positive. In two cases, both parents
were negative, and they were the only caregivers.

In this study, the SARS-CoV-2 positivity rate
among the outborn neonates presenting to the
emergency and tested was lower (n=17, 1.8%) than
older children and adults'*!>. Though the neonates with
COVID-19 were at a higher risk for all-cause mortality,
there was no significant difference in the adjusted
mortality rate. Though neonates with a positive screen
at admission had higher odds of COVID-19, the
sensitivity was poor (43% of confirmed COVID cases
had a negative screen). These observations support a
universal testing screening policy.

Children typically account for 10-12 per cent
of laboratory-confirmed SARS-CoV-2 cases, and
the hospitalization rates range from 2.5 to 4.1 per
cent'®!”. Neonatal COVID-19 accounts for less than
one per cent of all and 5-7 per cent of paediatric
COVID-19 cases'®?. Previous cohort studies showed
that the prevalence of COVID-19 in neonates born to
COVID-19 mothers was low, and they were generally
asymptomatic’??2, Therefore, even if the mother
is COVID-19 positive, exclusive breastfeeding and
KMC with adequate respiratory and hand hygiene are
recommended®*.

A retrospective study from India, where all
outborn neonates presenting to the emergency were
screened for SARS-CoV-2 infection, reported a higher
positivity rate of 4.25 per cent (18 of 423)!'. In this



INDIAN J MED RES, JANUARY 2022

192

pauo)

Quop jou-Idyje

JOAT] AU} Ul
UOIS9[ JO UoneN[BAd
10} Pa1IaJaI

auop Jo0N pagreyosig G 2AIR39U-IOYION QUON, ‘onewoydwAsy () sax 0z SOTE/LE 609N
aanisod sem 100
QWS 9y} Ul 9JeUOU
Joyjoue ‘Funsay
7 Aep uo Juop Jou-19yje| je onewoydwAse
aAnESoN paSreyosi(y T 9ANESOU-IOYION QUON seM-SNOH  (61) SoA 61 0091/€€ 809N
Cl pue
11 sAep uo Quop Jou-19Y3e,| [)I1q douIs
EINGREING pagieyosiq [ 9AIRIOU-IOYIOIN dVdD  ssensip Arojerrdsoy (€) sax 9 0092/LE LOON
sAep omix3uryreaiq
G pue sSuoxd  )sej pue ‘UOISUIISIP
¢ sAep uo oAne3ouU-1aYIe | Jeseulq [eurwiopqe
oAnESaN pasreyosiq L 9ANESOU-IOYION Hoys ‘Suniwop () sox S 00¥1/9¢ 909N
Kep auox3uryiealq
0 pue JSBJ ‘Y3N0o 10Ad
61 sAep uo dAne3au-1ayje,| Jroo0reydwo
oANESON pasreyosiq 9z aanisod-1oyloN dvdD Joase) ON €l 000¢€/LE GOSN
«1D
159yo uo eruownoud
dIA0D) 41
Jo 7z Aep aours
Quop jJou-19y3e,| SSOXSIP SUIUSSIOM
SUop JON pasieyosi(y 8 oanisod-yIoN dvdD ‘SVINJOase)  (€7) SR €C 001¢€/8¢ YOIN
s3uoxd
aanisod-1oyje] [eseulq skep
Juop JoN pagreyosiq G 2AIR32U-IOYION 1oyS  omixSuyeaiq jseq ON 4! 000T/LE €OON
(ersejdod£y Areuownd
+ dAL + s1souoSe [euds UOTB[JUIA [)I1q d0uIs
QUOPJON  + YY) AND o1dnm paIq 4 QUOP JON  [EOTUBYIIN  ssansIp Arojeridsoy (1) sox 4 000T/LE TOON
sSuoxd  Aep suox3uryieaiq
¢ Aep uo Quop jJou-19y3e,| Jeseulq 1seJ pue skep
oAnESoN pagreyosiq G oanisod-1oyloN 110YS QI xIOAd ] ON ST TSYT/LE JOON
(eanisod (sAep) oamisod  (3) ySrom
JSIJ WoIJ (sAep) s1odox j10ddns SAB)S  sem s} yIq
SAep) qems (erqeordde sAeis 7-AOD-SYVS  Arojendsar [endsoy  yorym /(s3m)
jeaday J1) ()P 10J UOSBIY owoonQ  [eydsoy S JOAISoIR)  WNUWIXEBIA S9INJL3J [BITUI]D) oud uoJOd ~ uonesan ail

(LT=U) seyeuoau pajoaJur Z-A0D-SYVS Y} JO SonsLajoeIey)) I d[qeL




193

KUMAR et al: COVID-19 IN OUTBORN NEONATES

JSBISIP SNIIABUOIOD ‘(JIAQD ‘SOOI 18AIT o) Jo uonisodsuen Y0 T (10308} IM0I3 [BI[OYIOPUD JB[NOSBA ‘IO A ‘B[msy [eadeydosaooyorn ‘91
guounredop juonedino ‘qdO ‘owoipuks uoneirdse wnruoodw ‘SYIA sisdos [ejeuodu Josuo-A[Ied ‘SNOH 9] Jo Aep “JOQ ‘uonewojjew [e3uafuod ‘JND ‘oanssaid
Kemire oansod snonunuod qvd) OWOIpuAs uononnsqo Aemire y3ry [eyueguod ‘SOVHD Aumewdrd jo Ayedounor ronosod oA1ssai3de ‘JOYUJV ‘uoneuwIojjew
[B10310UR IV “SABP AL 10J QUOJOSTUPAIA[AYIOW PIATOOIY,, $1S9) A} 0] PAIUISUOD JOU/UOISSIWPE JB JOAIFAIRD 9} JO ANIR[IBAB-UOU 0} 9NP JUOP 9 J0U P[NOJ 1S} - SUOP JON 4

Kderoyy
ADIA-BUeE 10}
pantwpe ‘JOUdV

SUuop 10N pasieyosi(y I Quop 10N QUON ‘onewoydwisy (0€) S9X 1€ 000C/vE LT03N
Kderoyy
ADHA-DUE 10}
pantwpe ‘JOUdV
auop 10N pasreyosiq 4 ouop 10N QUON ‘onewodwiAsy  (87) S9A 6T 0LT1/8T  9109N
(oseasip
Sunudsyosiy) skep
0M)x3uIyIeaIq
QuUOp J0U-TAYIE,] JSBJ puE UOISU}SIP
auop JON pasieyosi(y L eamisod-10ylo QUON [europqy (7) s°x 1% 000¢€/6¢ STO9N
¢ pue
¢ sAep uo Yooys QUOp J0U-13Ie]  UONB[NUA [HIq 99UIS
oAne3aN ondasysisdos [e3unyg paiqQ Q]  OANEIOU-IOUIOJN  [BOIUBYOQ[N  SSomSIp Arojeridsoy] (171) seA 11 0002/t 109N
S pue (VDL
¢ sAep uo JAIeSoU-19IE,]  UONB[HUSA  JO 9SBD) JO0US pue
JANEB3IN pasreyasiq G 9A1ESOU-IOUIO|N  [BOIUBUIDIN ainjrej Aroyesrdsoy (01) sax 01 00S€/LE 109N
sisdos B
av1uownaud v]ja15qaLy UOT)R[IIUSA JO G Aep je josuo
Juop JoN JUB)SISAI-FNIPINIA paiq z QUOP JON  [EOIUBYOQJN  SSONSIP A1ojelrdsoy (€) sax S 00TT/LE Z109N
93eyuoway Areuownd QUOp J0U-13Ie]  UONB[NUA [HIq 99UIS
Quop 10N yooys ondog paig 0  9ANEIOU-IOYIOJN  [BOTURYOQJN  SSamsIp Arojenrdsay (Y 9) SO I 0€21/8¢ 110N
(squiny) [exore[Iq
Judsqe ‘SOVHD) QUOp J0U-13IE,]  UONB[IIUSA y)I1q 20UIs
auop 10N JIND 21dnn paiq € 2ADISOd-IOYIOJN  [eOIUBYOSJN  SSANSIp Alojeridsay (2) sox € 0077/8€  0T99N
(oanisod (skep)  oamisod  (3)yIrom
JSIY WOIJ (sAep) s1odar y10ddns sAe)s  sem )s9) quIq
sAep) qems (s1qeordde skejs T-AOD-SUVS  Arojendsar [endsoy  yomym /(Sym)
jeadoy J1) Yieop I0J uoseay owonQ  [eydso S, JOAIS0IR)  WNWIXBA SQINJBAJ [BOTUID) oug UuoJOd ~ Uonesen ai




194 INDIAN J MED RES, JANUARY 2022

Table II. Clinical characteristics of study participants (n=969)
Parameter COVID positive (n=17) COVID negative (n=952) P value OR (95% CI)
Age at admission (days) n=948
Median (1%, 3" quartile) 11 (3.5, 19.5) 3(1,8) 0.001* -
Fever (=38°C) 3(17.6) 16 (1.7) 0.004 12.5(3.3-47.9)
Cough 0 3(0.3) 1.0 -
Respiratory distress 15 (88.2) 670 (70.4) 0.2 3.2 (0.7-13.9)
Day of onset of respiratory distress n=15 n=643
Median (1%, 3" quartile) 2 (1, 10) 1(1,1) 0.001* -
Hospitalized prior to admission 14 (82.4) 887 (93.2) 0.083 0.3 (0.1-1.3)
Screen positive at admission 9 (52.9) 159 (16.7) 0.001 5.6 (2.1-14.8)
Respiratory support at admission
None 3(17.6) 303 (31.8) 0.5 -
Oxygen alone 4 (23.5) 240 (25.2)
Continuous positive airway pressure 6 (35.6) 258 (27.1)
Mechanical ventilation 4(23.5) 151 (15.9)
Intubated at admission 4 (23.5) 151 (15.9) 0.4 1.6 (0.5-5.1)
Death during hospital stay 5(29.4) 114 (12) 0.03 3.1(1.1-8.9)
Deaths after excluding lethal congenital n=15 n=925 0.17 2.4 (0.7-8.7)
anomalies’ 3(20.0) 87(9.4)
*Mann-Whitney U-test, for rest Chi-square/Fisher’s exact test was used. "Lethal congenital anomalies refer to malformations in the
presence of which the survival is unlikely beyond the neonatal/infant age group (e.g., potter’s syndrome, renal agenesis, anencephaly,
holoprosencephaly, hypoplastic left heart syndrome, trisomy 13 and 18, severe congenital diaphragmatic hernia or tracheaoesophageal
fistula where the baby died within few hours, tracheal atresia, efc.). Values are presented as n (%) unless specified

study, respiratory distress was the most common
clinical presentation, and mortality was 16.6 per
cent''. In another case series from India, the authors
screened 18 symptomatic outborn neonates presenting
to the emergency, of whom only one had SARS-CoV-2
infection’. In a similar study from Bangladesh, 26 of
83 (31.3%) outborn neonates referred to a tertiary
center tested positive for SARS-CoV-2 infection'.
In their series, most presented in the second week of
life, with an unrelated diagnosis. In our study, there
was no difference in adjusted mortality rate between
COVID and non-COVID cases, inferring that SARS-
CoV-2 positivity alone does not increase the risk
for mortality”>. The practice of universal testing of
all outborn neonates requiring admission was not
based on neonatal data but rather an extrapolation
from older age groups. This study provides some
evidence for this practice though the numbers are not
large enough to make conclusive recommendations.
However, considering the consequences of missing
SARS-CoV-2 infection by selective screening and
putting others at risk, continuing universal screening
in outborn neonates requiring hospitalization may

be suggested. Furthermore, this study indicates the
possibility of horizontal transmission from immediate
caregivers as well as healthcare facilities. In six
COVID-19-confirmed cases, the primary caregivers
were SARS-CoV-2-negative, and the infants stayed
in a healthcare facility since birth. Therefore, there
is a need for strict compliance with the precautionary
measures in healthcare facilities to prevent horizontal
transmission®*. Many caregivers were asymptomatic
and found to have COVID-19 when tested as a part
of contact tracing. This observation reinforces the
importance of contact tracing.

Being a retrospective single-centre study, it
had many limitations. The primary illness, hospital
course, and cause of mortality in COVID-19-negative
neonates were not recorded, precluding further
analysis. Contact tracing could not be done for all
COVID-19 confirmed cases. Though most confirmed
COVID-19 neonates had respiratory distress at
admission, chest tomography was done in two cases
only. The other neonates with respiratory distress
might have radiological findings of COVID-19 that
went undetected on a plain chest radiograph?’-2.
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This study enrolled outborn neonates referred to the
emergency because of a clinical illness; therefore,
results cannot be generalized to inborn neonates.
As it was a retrospective study, formal sample size
calculation was not done. Considering the low
incidence of COVID-19 in neonates, large prospective
multicentric cohort studies are desirable.

In conclusion, the SARS-CoV-2 positivity rate
among outborn neonates presenting to the emergency
was found to be low. As the clinical findings at
admission cannot distinguish COVID-19 from
non-COVID illness, universal screening of all outborn
neonates requiring hospitalization seems reasonable.
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