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Abstract
COVID-19 pandemic has affected all age groups globally including pregnant women and their neonates. The aim of the 
study was to understand outcomes in neonates of mothers with COVID-19 during the first and second waves of COVID-
19 pandemic. A retrospective analysis of 2524 neonates born to SARS-CoV-2-infected mothers was conducted during the 
first wave (n = 1782) and second wave (n = 742) of the COVID-19 pandemic at five study sites of the PregCovid registry 
in Maharashtra, India. A significant difference was noted in preterm birth, which was higher in the second wave (15.0%, 
111/742) compared to the first wave (7.8%, 139/1782) (P < 0.001). The proportion of neonates requiring NICU admis-
sion was significantly higher in the second wave (19.0%, 141/742) as compared to that in the first wave (14.8%, 264/1782) 
(P < 0.05). On comparing regional differences, significantly higher neonatal complications were reported from Mumbai 
metropolitan region (P < 0.05). During the second wave of COVID-19, birth asphyxia and prematurity were 3.8- and 2.1-
fold higher respectively (P < 0.001). Neonatal resuscitation at birth was significantly higher in second wave (3.4%, 25/742 
vs 1.8%, 32/1782) (P < 0.05). The prevalence of SARS-CoV-2 infection in neonates was comparable (4.2% vs 4.6%) with 
no significant difference between the two waves.

Conclusion: Higher incidence of adverse outcomes in neonates born to SARS-CoV-2-infected mothers in the second wave 
of COVID-19 as compared to the first wave.
Trial registration: PregCovid study is registered with the Clinical Trial Registry of India (CTRI/2020/05/025423, Registered 
on 28/05/2020).

What is Known:
• The second wave of COVID-19 was more lethal to pregnant women than the first wave. Newborns are at risk of developing complications.
What is New:
• Birth asphyxia, prematurity, and neonatal resuscitation at birth were significantly higher in the second wave as compared to those in the first 

wave of the COVID-19 pandemic in India.
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Abbreviations
COVID-19	� Coronavirus disease 2019
NICU	� Neonatal intensive care unit
SARS-CoV-2	� Severe acute respiratory syndrome 

coronavirus-2

Introduction

COVID-19 pandemic has affected all age groups globally 
including pregnant women, their foetuses, and infants [1]. 
Despite several measures to fight COVID-19, new variants 
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of concerns are reported worldwide, which are responsible 
for multiple resurgences in the form of second and third 
waves [2]. Our earlier studies reported adverse maternal 
outcomes during the first and second waves of COVID-
19 [3–6]. We reported a high risk of adverse outcomes in 
SARS-CoV-2-infected neonates during the early phase of 
the first wave of COVID-19 pandemic [7]. While there are 
multiple reports on the effects of SARS-CoV-2 infection in 
neonates in general, there is limited information comparing 
the presentations and outcomes of neonates born to mothers 
with COVID-19 during the first wave and second wave of 
the COVID-19 pandemic. Therefore, the aim of the present 
study was to understand outcomes in neonates of mothers 
with COVID-19 during the first and second waves.

Materials and methods

A retrospective analysis of 2524 neonates born to SARS-
CoV-2-infected mothers was conducted during the first 
wave (n = 1782) and second wave (n = 742) of the COVID-
19 pandemic at five study sites of the PregCovid registry in  
Maharashtra, India (Fig. 1). The details on the data col-
lection, quality controls, and study protocol are described 
elsewhere [8]. Maternal outcomes from the 19 study sites in 
Maharashtra state during the first wave of COVID-19 (March 
2020 to January 2021) were reported previously [3]. The 
data reported herein is a representation of four geographical 
regions in the state of Maharashtra, India. The data on the 
clinical profile of newborns, complications, and outcomes 
were extracted from the PregCovid registry database. The 
first wave of COVID-19 was defined as April 1, 2020–Janu-
ary 31, 2021; and the second wave of COVID-19 was defined 
to be between February 1 and July 15, 2021. The primary 
outcome was the prevalence of SARS-CoV-2 infection in 
neonates, Neonatal Intensive Care Unit (NICU) admissions, 
and mortality. Secondary outcomes were the incidence of 
preterm births and other neonatal complications. Low-birth-
weight baby was defined as a live infant whose birth weight 
is less than 2500 g [9]. Preterm delivery was defined as the 
delivery of a baby less than 37 completed weeks of gestation 
[10]. Birth asphyxia was defined as the failure to initiate and 
sustain breathing at birth [11]. Neonatal respiratory distress 
syndrome was defined as respiratory distress in a newborn, 
presenting within hours after birth, most often immediately 
after delivery [12]. Neonatal death is defined as death within 
the first 28 days of life [13]. The meconium aspiration syn-
drome was defined as respiratory distress occurring soon 
after birth in an infant born from a meconium-stained milieu 
with compatible radiological findings which cannot be oth-
erwise explained [14].

Newborn testing strategies

For mother-to-child transmission of SARS-CoV-2 infection, 
we followed the WHO definition and classification [15]. The 
first nasopharyngeal swab was sent for all babies for a real-
time reverse-transcription–polymerase chain reaction assay 
for SARS-CoV-2 after 24 h of birth and the second swab 
after 72 h of birth as per guidelines [16]. With the change 
of national policy, from June 2020 to 31 July 2020 in India, 
the first swab was sent at birth/within 12 h of life. All the 
newborns were managed as per guidelines by expert group 
consensus. The antibiotics were given only if indicated in 
clinically suspected sepsis or proven sepsis [17]. The resus-
citation guidelines for newborns were followed [18].

Results

In our study cohort, a significant difference was noted in 
preterm birth, which was higher in the second wave (15.0%, 
111/742) compared to the first wave (7.8%, 139/1782) 
(P < 0.001) (Table 1). The proportion of neonates requir-
ing NICU admission was significantly higher in the second 
wave (19.0%, 141/742) as compared to the first wave (14.8%, 
264/1782) (P < 0.05). On comparing regional differences, 
significantly higher neonatal complications were reported 
from Mumbai metropolitan region (P < 0.05). Prematurity 
and NICU admissions were significantly higher in the Mar-
athwada region (P < 0.05), whereas the incidence of low 
birth weight was higher in western Maharashtra (Table 2). 
During the second wave of COVID-19, birth asphyxia and 
prematurity were 3.8- and 2.1-fold higher respectively 
(P < 0.001). Neonatal resuscitation at birth was significantly 
higher in the second wave (3.4%, 25/742 vs 1.8%, 32/1782) 
(P < 0.05). The prevalence of SARS-CoV-2 infection in neo-
nates was comparable (4.2% vs 4.6%) with no significant 
difference between the two waves. Neonatal deaths were 
also comparable during the two COVID-19 waves (2.3% vs 
2.1%). The proportion of male (51.6%) and female newborns 
(48.3%) was similar.

Diffusion of different viral strains in first 
and second waves of COVID‑19 in India

India started sequencing SARS-CoV-2 viral genomes in 
early 2020. The Indian SARS-CoV-2 Genomics Consor-
tium provides information on sequence SARS-CoV-2 RNA 
from COVID-19 cases in India to monitor the emergence 
and community circulation of viral variants and variants  
of concern (VOC) [19]. During the Jan 2020 and Decem-
ber 2020 period of the COVID-19 pandemic, B.1 lineage 
was the most common with B.1.1 and B.1.36 being seen 
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Fig. 1   Timeline of first and 
second waves of coronavirus 
disease 2019 (COVID-19) in 
India. Total 2524 neonates 
born to SARS-COV-2 infected 
mothers from 12 March 2020 to 
31 June 2021 from five sites in 
Maharashtra, India (BYL Nair 
Charitable Hospital, Mumbai; 
Government Medical College 
Nagpur; Indira Gandhi Govern-
ment Medical College, Nagpur; 
Vaishampayan Memorial 
Government Medical College, 
Solapur; Government Medical 
College, Aurangabad), which 
are part of the National Reg-
istry of Pregnant women with 
COVID-19

Table 1   Clinical characteristics 
of neonates born to SARS 
-CoV-2 infected mothers during 
the first and second waves of 
COVID-19 pandemic

*1 Neonatal death before COVID-19 testing
First wave, April 1, 2020 – January 31, 2021; Second wave, February 1 – July 15, 2021; CI, confidence 
interval; CPAP, continuous positive airway pressure; LBW, low Birth weight; NICU, Neonatal Intensive 
Care Unit; OR, odds ratio

Total neonates [n=2524 (%)]

Characteristics First wave
n=1782 (%)

Second wave
n=742 (%)

OR P-value

Preterm 139 (7.8) 111 (15.0) 2.1 (1.6 – 2.7) <0.001
Term 1643 (92.2) 631 (85.0) 0.4 (0.4 – 0.6)
Low birth weight 436 (24.5) 213 (28.7) 1.2 (1.0 – 1.5) 0.02
Complications in neonatal period 196 (11.0) 83 (11.2) 1.0 (0.7 – 1.3) 0.89
SARS-CoV-2 infected 82/1781 (4.6)* 31 (4.2) 0.9 (0.6 – 1.4) 0.63
NICU admissions 264 (14.8) 141 (19·0) 1.3 (1.0 – 1.7) 0.009
Birth asphyxia 18 (1.0) 28 (3.8) 3.8 (2.1 – 7.0) <0.001
Meconium aspiration syndrome 15 (0.8) 9 (1.2) 1.6 (0.6 – 3.6) 0.30
Respiratory distress 54 (3.0) 28 (3.8) 1.3 (0.8 – 2.0) 0.33
Sepsis 30 (1.7) 17 (2.3) 1.4 (0.6 – 2.4) 0.30
Feeding difficulties 30 (1.7) 17 (2.3) 1.4 (0.6 – 2.4) 0.30
Hyperbilirubinemia 81 (4.5) 21 (2.8) 0.6 (0.4 – 1.0) 0.04
Management 
Neonatal resuscitation at birth 32 (1.8) 25 (3.4) 1.9 (1.1 – 3.2) 0.01
Bag and mask 28 (1.6) 21 (2.8) 1.8 (1.0 – 3.2) 0.03
CPAP 35 (2.0) 12 (1.6) 0.8 (0.4 – 1.6) 0.55
Intubation 25 (1.4) 13 (1.8) 1.3 (0.6 – 2.4) 0.51
Ventilator support 35 (2.0) 23 (3.1) 1.6 (0.9 – 2.7) 0.08
Death 38 (2.1) 17 (2.3) 1.1 (0.6 – 2.0) 0.80
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frequently. During this period, B.6 variant was identified as  
associated with a spike in cases in India. There were no con-
cerning mutations in B.6 variant and the surge in COVID- 
19 cases was a super-spreading event, and not related to 
increased transmissibility. Subsequently, B.6 was replaced 
by B.1 variants with D614G mutation that led to increased 
transmissibility. During the first wave of the COVID-19 pan-
demic (January–June 2020), B.1 lineages were the default  
strain across the nation and were responsible for the surge 
in COVID-19 cases in India in June 2020. B.1 is the parent 
strain of all current VOC in India [20].

In early 2021, a novel variant characterised by mutations 
L452R, E484Q, and P681R was reported in Maharashtra 
which was later named lineage B.1.617. From May 2021 
to 20 June 2021, the Delta variant B.1.617.2 was the domi-
nant lineage responsible for surges all over India during the 
second-wave period. New sub-lineages within Delta (Delta 
plus variants), AY.1, and AY.2 were reported in India during 
the second-wave period [21] )

Discussion

In the present cohort, as compared to the first wave, a signifi-
cantly higher proportion of neonates born to mothers with 
COVID-19 had preterm births, low birth weight, and NICU 
admissions in the second wave of COVID-19. These obser-
vations suggest that there is an increased adversity in the 
clinical course of the newborns of mothers with COVID-19 
in the second wave in India. Increased risk of preterm deliv-
ery and NICU admission was reported amongst neonates of 
mothers with SARS-CoV-2 infection in the US population 
and UK registry [22, 23]. However, the overall prematurity 
rate of 9.9% (250/2524) is much lesser than that in UK reg-
istry and National Neonatology Forum, India [22, 24]. Our 
previous studies have reported higher spontaneous preterm 
births and lower iatrogenic preterm births during the second 
wave than in the first wave [5]. The findings suggest that 
SARS-CoV-2 infection at late gestational is an important 

factor in influencing negative clinical outcomes in the off-
spring as reported earlier [25].

Increased risk of preterm delivery, lower birth weight, neo-
natal infection, and NICU admission were also reported in 
pregnant women with moderate to severe COVID-19 in U.A.E 
[26]. The neonates mainly presented with feeding difficulties 
(1.8%), respiratory distress (3.2%), and hyperbilirubinemia 
(4.04%) The fever and gastrointestinal symptoms were rare, 
similar to data from National Neonatology Forum, India, [24] 
not as common as reported in earlier studies [27]. In our study, 
the higher incidence of complications in the neonatal period 
and intensive care including resuscitation at birth could have 
been attributed to increased severe COVID-19 disease in 
mothers with COVID-19 during the second wave of the pan-
demic [4]. Similar observations were also reported during the 
Omicron variant dominant COVID-19 wave in the UK [28]. 
In our study cohort, increased incidence of NICU admissions 
was not due to an excessive increase in the numbers of neo-
nates as their numbers were comparable in both waves. These 
observations are in contrast to the data in the Spanish popula-
tion reporting a higher incidence of SARS-CoV-2 infection in 
newborns during the second wave [29].

The publically available data on SARS-CoV-2 viral 
genomics from India demonstrated the diffusion of differ-
ent viral strains during the first- and second-wave periods. 
During the first-wave period, B.1 lineage was reported as 
the most common variant whereas Delta variant B.1.617.2 
was the dominant lineage responsible for the second wave 
in India. The differences in the clinical presentations and 
neonatal complications observed in our study cohort could 
be due to the diffusion of different viral strains in circulation 
during the first and second waves of COVID-19 in Maha-
rashtra, India. Comparative analysis of the pathogenicity of 
B.1.617.2 (Delta) and B.1.617.3 lineage of SARS-CoV-2 
with that of B.1 demonstrated higher levels of SARS-CoV-2 
sub genomic RNA in the respiratory tract of hamsters 
infected with the Delta variant for 14 days [30]. Another 
study demonstrated B.1.617.2 (Delta variant) as highly 
fusogenic due to P681R mutation in the spike protein that 

Table 2   Characteristics of 
neonates born to SARS-CoV-2 
infected mothers during the first 
and second waves of COVID-19 
pandemic in four geographical 
regions in Maharashtra, India 
(n=2524)

NICU - Neonatal Intensive Care Unit

Neonate outcomes Marathwada 
region (n=215)
n (%)

Vidarbha region 
(n=1038)
n (%)

Mumbai Metropolitan 
region (n=1046)
n (%)

Western 
Maharashtra 
(n=225)
n (%)

Preterm birth 40 (18.6) 112 (10.8) 79 (7.6) 19 (8.4)
Low birth weight
(< 2.5 kg)

67 (31.2) 236 (22.7) 270 (25.8) 76 (33.8)

Neonate complications 26 (12.1) 27 (2.6) 214 (20.5) 12 (5.3)
NICU admissions 78 (36.3) 33 (3.2) 150 (14.3) 12 (5.3)
SARS-CoV-2 positive 14 (6.5) 47 (4.5) 40 (3.8) 12 (5.3)
Neonatal death 8 (3.7) 15 (1.4) 29 (2.8) 3 (1.3)
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facilitates cleavage of the spike protein and enhances viral 
fusogenicity [31].

We speculate that the severity in clinical profile and com-
plications in neonates may be associated with the highly 
virulent strain B.1.617.2 (Delta) variant reported during the 
second wave of the pandemic in India [32]. However, we 
have not conducted genotyping of the virus in the mothers 
to determine this association. The possible reasons for such 
differential presentation in the first and the second wave of 
the COVID-19 pandemic need to be determined. The differ-
ences in the SARS-CoV-2 strains, differences in the access 
to health care facilities and reporting of pregnant women 
during the first and second wave, and change in population 
dynamics during the lockdown in the first wave and sec-
ond wave could contribute towards such differential obser-
vations. During both the waves of COVID-19 pandemic, 
schools were closed in India which may have affected mater-
nal stress and also circulation of common viruses [33].

The reduction in respirable particulates during the 
COVID-19 lockdown in India has been reported [34]. How-
ever, other factors responsible for these differences in two 
waves can be attributed to different situations at two time 
points. During the first wave, the system was not prepared 
for the pandemic and the guidelines for management of 
pregnant women and neonates gradually evolved. However, 
during second wave, the guidelines were already in place. 
Private system was geared up and the SARS–CoV-2-infected 
mothers were also being delivered at the private hospitals 
which could be the possible reason for less number of admis-
sions at government hospitals and could have led to differ-
ences in numbers in two waves.

The impact of COVID-19 in pregnancy may go beyond the 
early neonatal outcomes as a cohort study of the newborns of 
the mothers with SARS-CoV-2 infection from Italy reported 
15% of the offspring followed up to 7 months showed retinal 
abnormalities [35]. Another study from the USA suggested 
an increased risk for neurodevelopmental disorders of motor 
function or speech and language in offspring of mothers with 
COVID-19 when followed up for 12 months [36]. These 
findings suggest that offspring of mothers with COVID-19 
should be followed up for years to understand the long-term 
impact of the SARS-CoV-2 infection.

In summary, our study reveals a higher incidence of 
adverse outcomes in neonates born to SARS-CoV-2-infected 
mothers in the second wave of COVID-19 as compared to the 
first wave. Based on our observations, we emphasise the need 
to devise evidence-based approaches for managing neonates 
born to SARS-CoV-2-infected mothers. The study highlights 
the need for counselling of pregnant women for COVID-19 
vaccination to avoid detrimental outcomes in neonates.

Supplementary information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00431-​022-​04546-0.

Acknowledgements  The authors acknowledge Dr. Balram Bhargava, 
Secretary Department of Health Research and Director General, Indian 
Council of Medical Research, and Dr. Geetanjali Sachdeva, Director, 
ICMR-NIRRCH; Mr. Saurabh Vijay, Secretary, Medical Education, 
and Drugs Department; Dr. Sanjay Mukherjee, former Secretary, Medi-
cal Education, and Drugs Department; and Dr. T P Lahane, former 
Director, Medical Education, and Drugs Department, Maharashtra. 
Dr. Leena Dhande, Dr. Atul Londhe, Dr. Aradhana Mishra, Dr. Amol 
Joshi, Dr. Mohini Apte, Ms. Kalyani Jadhav, Mr. Chetan Jadhav, Mr. 
Shrinivas Parpelli, Ms. Divya Balgoniwar, and Ms. Samrudhi Kothe 
are acknowledged for the technical support in data entry. The faculties, 
resident doctors, and interns of the participating hospitals of the Preg-
covid registry (CTRI/2020/05/025423) network are sincerely acknowl-
edged. Dr. Periyasamy Kuppusamy is acknowledged for the assistance 
in statistical analysis. The study is supported by an Intramural grant 
from ICMR-National Institute for Research in Reproductive Health 
(No. ICMR-NIRRH/RA/1155/10–2021). Dr. Rahul K Gajbhiye is an 
awardee of the DBT-Wellcome India alliance clinical and public health 
intermediate fellowship (Grant no. IA/CPHI/18/1/503933).

Authors contributions  Dr. Gajbhiye conceptualised, designed, and 
implemented the study. Dr. Gajbhiye, Dr. Surve, and Dr. Waghmare 
were involved in data quality controls, data analysis, and interpretation, 
drafted the initial manuscript, and revised the manuscript. Drs. Malik, 
Jain, Bokade, Sawaskar, and Deshmukh designed the data collection 
instruments, collected data, carried out the initial analyses, and were 
involved in drafting and revising the manuscript. Drs. Wade, Madhura, 
Suryawanshi, Bandichhode, and Bodhgire coordinated and supervised 
data collection, and critically reviewed the manuscript for important 
intellectual content. Ms. Zala, Dr. Modi, and Dr. Mahale coordinated 
the study and provided inputs in data analysis, data interpretation, and 
revision of the manuscript. All authors approved the final manuscript 
as submitted and agree to be accountable for all aspects of the work.

Availability of data and material  The authors confirm that the data 
supporting the findings of this study are available within the article.

Code availability  Not applicable.

Declarations 

Ethical approval  The study was approved by the Ethics Committees 
of TNMC (No. ECARP/2020/63; dated 27.05.2020); GMC Nagpur 
(No. 2070/EC/Pharmac/GMC/NGP dated 30.05.2020), IGGMC Nag-
pur (IGGMC /Pharmacology/IEC/422–23/2020, dated 24.06.2020); 
VMGMC, Solapur (O.No. Pharma Dept/IEC/Approval letter /15/2020; 
dated 30.07.2020); GMC Aurangabad (No. Pharmac/IEC-GMCA/
Approval/176/2020, dated 22.05.2020); and ICMR-NIRRH (IEC no. 
D/ICEC/Sci-53/55/2020 dated 04.06.2020).

Consent to participate  A waiver of consent was granted by IECs as the 
data is collected from the medical case records.

Consent for publication  Not applicable.

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Saito S, Asai Y, Matsunaga N et  al (2021) First and second 
COVID-19 waves in Japan: a comparison of disease severity and 

3541European Journal of Pediatrics (2022) 181:3537–3543

https://doi.org/10.1007/s00431-022-04546-0


1 3

characteristics. J Infect 82(4):84–123. https://​doi.​org/​10.​1016/J.​
JINF.​2020.​10.​033

	 2.	 World Health Organization (2021) Tracking SARS-CoV-2 vari-
ants. https://​www.​who.​int/​en/​activ​ities/​track​ing-​SARSC​oV-2-​
varia​nts/. Accessed 9 Sep 2021

	 3.	 Gajbhiye R, Mahajan N, Waghmare R et al (2021) Clinical charac-
teristics, outcomes, & mortality in pregnant women with COVID-
19 in Maharashtra, India: Results from PregCovid registry. Indian 
J Med Res 153(5&6):629–636. https://​doi.​org/​10.​4103/​ijmr.​ijmr_​
1938_​21

	 4.	 Mahajan NN, Pophalkar M, Patil S et al (2021) Pregnancy out-
comes and maternal complications during the second wave of 
coronavirus disease 2019 (COVID-19) in India. Obstet Gynecol 
138(4):660–662. https://​doi.​org/​10.​1097/​AOG.​00000​00000​004529

	 5.	 Mahajan NN, Pednekar R, Gaikwad C et al (2022) Increased 
spontaneous preterm births during the second wave of the coro-
navirus disease 2019 pandemic in India. Int J Gynecol Obstet 
157(1):115–120. https://​doi.​org/​10.​1002/​ijgo.​13991

	 6.	 Waghmare R, Chaaithanya IK, Zala S et al (2022) Outcomes of 
COVID-19 in pregnant women with sickle cell disease in India: 
a case series. Indian J Hematol Blood Transfus 38(1):191–193. 
https://​doi.​org/​10.​1007/​S12288-​021-​01482-1/​TABLES/1

	 7.	 Malik S, Surve S, Wade P et al (2021) Clinical characteristics, 
management, and short-term outcome of neonates born to mothers 
with COVID-19 in a tertiary care hospital in India. J Trop Pediatr 
67(3):fmab054. https://​doi.​org/​10.​1093/​tropej/​fmab0​54

	 8.	 Gajbhiye RK, Mahajan NN, Waghmare R et al (2022) Protocol for a 
prospective, hospital-based registry of pregnant women with SARS-
CoV-2 infection in India: PregCovid Registry study. BMJ Open 
12(3):e050039. https://​doi.​org/​10.​1136/​bmjop​en-​2021-​050039

	 9.	 World Health Organization (2004) ICD-10 : International statisti-
cal classification of diseases and related health problems : tenth 
revision, 2nd ed. World Health Organization. https://​apps.​who.​int/​
iris/​handle/​10665/​42980. Accessed 20 June 2022

	10.	 Platt MJ (2014) Outcomes in preterm infants. Public Health 
128(5):399–403. https://​doi.​org/​10.​1016/J.​PUHE.​2014.​03.​010

	11.	 World Health Organisation (1999) Basis newborn resuscitation: a 
practical guide. http://​apps.​who.​int/​iris/​bitst​ream/​10665/​63953/1/​
WHO_​RHT_​MSM_​98.1.​pdf. Accessed 20 June 2022.

	12.	 Aly H (2004) Respiratory disorders in the newborn: identifica-
tion and diagnosis. Pediatr Rev 25(6):201–208. https://​doi.​org/​
10.​1542/​pir.​25-6-​201

	13.	 Cnattingius S, Johansson S, Razaz N (2020) Apgar score and 
risk of neonatal death among preterm infants. N Engl J Med 
383(1):49–57. https://​doi.​org/​10.​1056/​NEJMO​A1915​075

	14.	 Raju U, Sondhi V, Patnaik SK (2010) Meconium aspiration syn-
drome: an insight. Med Journal, Armed Forces India 66(2):152. 
https://​doi.​org/​10.​1016/​S0377-​1237(10)​80131-5

	15.	 World Health Organization (2021) Definition and categorization 
of the timing of mother-to-child transmission of SARS-CoV-2: 
scientific brief. https://​apps.​who.​int/​iris/​handle/​10665/​339422. 
https://​www.​who.​int/​publi​catio​ns/i/​item/​WHO-​2019-​nCoV-​
mother-​to-​child-​trans​missi​on-​2021.1. Accessed 20 June 2022

	16.	 Naranje KM, Gupta G, Singh A et al (2020) Neonatal COVID-19 
infection management. J Neonatol 34(1–2):88–98. https://​doi.​org/​
10.​1177/​09732​17920​928638

	17.	 Chawla D, Chirla D, Dalwai S et al (2020) Perinatal-neonatal 
management of COVID-19 infection - guidelines of the Federa-
tion of Obstetric and Gynaecological Societies of India (FOGSI), 
National Neonatology Forum of India (NNF), and Indian Acad-
emy of Pediatrics (IAP). Indian Pediatr 57(6):536–548. https://​
doi.​org/​10.​1007/​S13312-​020-​1852-4

	18.	 Tiwari L, Taneja LN, Gupta S et al (2021) IAP ALS update 
on resuscitation guidelines during COVID-19 pandemic. 
Indian J Pediatr 88(5):469–475. https://​doi.​org/​10.​1007/​
S12098-​020-​03483-W

	19.	 INSACOG (2022) Department of Biotechnology. https://​dbtin​dia.​
gov.​in/​insac​og. Accessed 1 June 2022

	20.	 INSACOG (2021) INSACOG WEEKLY BULLETIN No.1 June 
18 2021. https://​dbtin​dia.​gov.​in/​sites/​defau​lt/​files/​INSAC​OG%​
20%​20BUL​LETIN%​20-%​2018-​06-​21%​20for%​20pub​lic%​20rel​
ease.​pdf. Accessed 1 June 2022

	21.	 INSACOG (2021) INSACOG WEEKLY BULLETIN No.7 Aug 
09 2021. https://​dbtin​dia.​gov.​in/​sites/​defau​lt/​files/​INSAC​OG%​
20Bul​letin%​20Aug​ust%​209th.​pdf . Accessed 1 June 2022

	22.	 Gale C, Quigley MA, Placzek A et al (2021) Characteristics and 
outcomes of neonatal SARS-CoV-2 infection in the UK: a pro-
spective national cohort study using active surveillance. Lancet 
Child Adolesc Heal 5(2):113–121. https://​doi.​org/​10.​1016/​S2352-​
4642(20)​30342-4

	23.	 Metz TD, Clifton RG, Hughes BL et al (2022) Association of 
SARS-CoV-2 infection with serious maternal morbidity and mor-
tality from obstetric complications. JAMA 327:748–759. https://​
doi.​org/​10.​1001/​JAMA.​2022.​1190

	24.	 Kumar P, More K, Chawla D et al (2021) Outcomes of neonates 
born to mothers with coronavirus disease 2019 (COVID-19) 
- National Neonatology Forum (NNF) India COVID-19 Reg-
istry. Indian Pediatr 58(6):525–531. https://​doi.​org/​10.​1007/​
S13312-​021-​2234-2

	25.	 Badr DA, Picone O, Bevilacqua E et  al (2021) Severe acute 
respiratory syndrome coronavirus 2 and pregnancy outcomes 
according to gestational age at time of infection. Emerg Infect 
Dis 27(10):2535–2543. https://​doi.​org/​10.​3201/​EID27​10.​211394

	26.	 Dileep A, ZainAlAbdin S, AbuRuz S (2022) Investigating the 
association between severity of COVID-19 infection during preg-
nancy and neonatal outcomes. Sci Reports 12(1):3024. https://​doi.​
org/​10.​1038/​s41598-​022-​07093-8

	27.	 Raschetti R, Vivanti AJ, Vauloup-Fellous C et al (2020) Syn-
thesis and systematic review of reported neonatal SARS-CoV-2 
infections. Nat Commun 11(1):5164. https://​doi.​org/​10.​1038/​
s41467-​020-​18982-9

	28.	 Birol Ilter P, Prasad S, Mutlu MA et al (2022) Maternal and 
perinatal outcomes of SARS-CoV-2 infection in unvaccinated 
pregnancies during Delta and Omicron waves. Ultrasound Obstet 
Gynecol. https://​doi.​org/​10.​1002/​UOG.​24916

	29.	 Iftimie S, López-Azcona AF, Vallverdú I et al (2021) First and 
second waves of coronavirus disease-19: a comparative study 
in hospitalized patients in Reus. Spain PLoS One 16:e0248029. 
https://​doi.​org/​10.​1371/​JOURN​AL.​PONE.​02480​29

	30.	 Mohandas S, Yadav PD, Shete A et  al (2021) SARS-CoV-2 
delta variant pathogenesis and host response in Syrian hamsters. 
Viruses 13(9):1773. https://​doi.​org/​10.​3390/​V1309​1773

	31.	 Saito A, Irie T, Suzuki R et al (2022) Enhanced fusogenicity 
and pathogenicity of SARS-CoV-2 Delta P681R mutation. Nat 
602(7896):300–306. https://​doi.​org/​10.​1038/​s41586-​021-​04266-9

	32.	 Cherian S, Potdar V, Jadhav S et al (2021) SARS-CoV-2 spike 
mutations, L452R, T478K, E484Q and P681R, in the Second 
Wave of COVID-19 in Maharashtra. India Microorganisms 
9(7):1542. https://​doi.​org/​10.​3390/​MICRO​ORGAN​ISMS9​071542

	33.	 Buonsenso D, Roland D, De Rose C et al (2021) Schools closures 
during the COVID-19 pandemic: A Catastrophic Global Situation. 
Pediatr Infect Dis J 40(4):E146–E150. https://​doi.​org/​10.​1097/​
INF.​00000​00000​003052

	34.	 Goel A, Saxena P, Sonwani S et al (2021) Health benefits due 
to reduction in respirable particulates during covid-19 lockdown 
in India. Aerosol Air Qual Res 21(5):200460. https://​doi.​org/​10.​
4209/​aaqr.​200460

	35.	 Buonsenso D, Costa S, Giordano L et al (2022) Short- and mid-
term multidisciplinary outcomes of newborns exposed to SARS-
CoV-2 in utero or during the perinatal period: preliminary find-
ings. Eur J Pediatr 181(4):507–1520. https://​doi.​org/​10.​1007/​
s00431-​021-​04319-1

3542 European Journal of Pediatrics (2022) 181:3537–3543

https://doi.org/10.1016/J.JINF.2020.10.033
https://doi.org/10.1016/J.JINF.2020.10.033
https://www.who.int/en/activities/tracking-SARSCoV-2-variants/
https://www.who.int/en/activities/tracking-SARSCoV-2-variants/
https://doi.org/10.4103/ijmr.ijmr_1938_21
https://doi.org/10.4103/ijmr.ijmr_1938_21
https://doi.org/10.1097/AOG.0000000000004529
https://doi.org/10.1002/ijgo.13991
https://doi.org/10.1007/S12288-021-01482-1/TABLES/1
https://doi.org/10.1093/tropej/fmab054
https://doi.org/10.1136/bmjopen-2021-050039
https://apps.who.int/iris/handle/10665/42980
https://apps.who.int/iris/handle/10665/42980
https://doi.org/10.1016/J.PUHE.2014.03.010
http://apps.who.int/iris/bitstream/10665/63953/1/WHO_RHT_MSM_98.1.pdf
http://apps.who.int/iris/bitstream/10665/63953/1/WHO_RHT_MSM_98.1.pdf
https://doi.org/10.1542/pir.25-6-201
https://doi.org/10.1542/pir.25-6-201
https://doi.org/10.1056/NEJMOA1915075
https://doi.org/10.1016/S0377-1237(10)80131-5
https://apps.who.int/iris/handle/10665/339422
https://www.who.int/publications/i/item/WHO-2019-nCoV-mother-to-child-transmission-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-mother-to-child-transmission-2021.1
https://doi.org/10.1177/0973217920928638
https://doi.org/10.1177/0973217920928638
https://doi.org/10.1007/S13312-020-1852-4
https://doi.org/10.1007/S13312-020-1852-4
https://doi.org/10.1007/S12098-020-03483-W
https://doi.org/10.1007/S12098-020-03483-W
https://dbtindia.gov.in/insacog
https://dbtindia.gov.in/insacog
https://dbtindia.gov.in/sites/default/files/INSACOG%20%20BULLETIN%20-%2018-06-21%20for%20public%20release.pdf
https://dbtindia.gov.in/sites/default/files/INSACOG%20%20BULLETIN%20-%2018-06-21%20for%20public%20release.pdf
https://dbtindia.gov.in/sites/default/files/INSACOG%20%20BULLETIN%20-%2018-06-21%20for%20public%20release.pdf
https://dbtindia.gov.in/sites/default/files/INSACOG%20Bulletin%20August%209th.pdf
https://dbtindia.gov.in/sites/default/files/INSACOG%20Bulletin%20August%209th.pdf
https://doi.org/10.1016/S2352-4642(20)30342-4
https://doi.org/10.1016/S2352-4642(20)30342-4
https://doi.org/10.1001/JAMA.2022.1190
https://doi.org/10.1001/JAMA.2022.1190
https://doi.org/10.1007/S13312-021-2234-2
https://doi.org/10.1007/S13312-021-2234-2
https://doi.org/10.3201/EID2710.211394
https://doi.org/10.1038/s41598-022-07093-8
https://doi.org/10.1038/s41598-022-07093-8
https://doi.org/10.1038/s41467-020-18982-9
https://doi.org/10.1038/s41467-020-18982-9
https://doi.org/10.1002/UOG.24916
https://doi.org/10.1371/JOURNAL.PONE.0248029
https://doi.org/10.3390/V13091773
https://doi.org/10.1038/s41586-021-04266-9
https://doi.org/10.3390/MICROORGANISMS9071542
https://doi.org/10.1097/INF.0000000000003052
https://doi.org/10.1097/INF.0000000000003052
https://doi.org/10.4209/aaqr.200460
https://doi.org/10.4209/aaqr.200460
https://doi.org/10.1007/s00431-021-04319-1
https://doi.org/10.1007/s00431-021-04319-1


1 3

	36.	 Edlow AG, Castro VM, Shook LL et al (2022) Neurodevelop-
mental Outcomes at 1 Year in Infants of Mothers Who Tested 
Positive for SARS-CoV-2 During Pregnancy. JAMA Netw Open 
5(6):e2215787. https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​2022.​
15787

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Sushma Malik1 · Dipty Jain2 · Chandrakant M. Bokade3 · Shakira Savaskar4 · Laxmikant S. Deshmukh5 · 
Poonam Wade1 · Abhishek D. Madhura2 · Milind Suryawanshi3 · Sachin T. Bandichhode4 · Sachin B. Bodhgire5 · 
Sarika Zala6 · Smita D. Mahale7 · Deepak N. Modi8 · Rakesh Waghmare9 · Suchitra V. Surve10 · Rahul K. Gajbhiye6 

	 Sushma Malik 
	 sushmamalik@gmail.com

	 Dipty Jain 
	 diptyjain57@gmail.com

	 Chandrakant M. Bokade 
	 cmbokade77@gmail.com

	 Shakira Savaskar 
	 shakira.savaskar@gmail.com

	 Laxmikant S. Deshmukh 
	 lsdeshmukh65@gmail.com

	 Poonam Wade 
	 poonamwade@gmail.com

	 Abhishek D. Madhura 
	 abhishekmadhura.am@gmail.com

	 Milind Suryawanshi 
	 dr.milind.suryawanshi@gmail.com

	 Sachin T. Bandichhode 
	 bandichhodest@rediffmail.com

	 Sachin B. Bodhgire 
	 sbbodhgire15@gmail.com

	 Sarika Zala 
	 sarika.sara01@gmail.com

	 Smita D. Mahale 
	 smitamahale@hotmail.com

	 Deepak N. Modi 
	 deepaknmodi@yahoo.com

1	 Department of Paediartrics, Topiwala National Medical 
College & BYL Nair Charitable Hospital, Mumbai, 
Maharashtra, India

2	 Department of Paediartrics, Government Medical College, 
Nagpur, Maharashtra, India

3	 Department of Paediartrics, Indira Gandhi Government 
Medical College, Nagpur, Maharashtra, India

4	 Department of Paediartrics, Dr Vaishampayan Memorial 
Government Medical College, Solapur, Maharashtra, India

5	 Department of Paediatrics, Government Medical College, 
Aurangabad, Maharashtra, India

6	 Clinical Research Lab, ICMR-National Institute for Research 
in Reproductive and Child Health, Parel, Mumbai, India

7	 Emeritus Scientist, ICMR-National Institute for Research 
in Reproductive and Child Health, Parel, Mumbai, India

8	 Molecular and Cellular Biology Laboratory, ICMR-National 
Institute for Research in Reproductive and Child Health, 
Parel, Mumbai, India

9	 Medical Education and Drugs Department, Government 
of Maharashtra, Mumbai, India

10	 Child Health Research Department, ICMR-National Institute 
for Research in Reproductive and Child Health, Maharashtra, 
Parel, Mumbai, India

3543European Journal of Pediatrics (2022) 181:3537–3543

https://doi.org/10.1001/jamanetworkopen.2022.15787
https://doi.org/10.1001/jamanetworkopen.2022.15787
http://orcid.org/0000-0003-3864-1818

	Outcomes in neonates born to mothers with COVID-19 during the second wave in India
	Abstract
	Introduction
	Materials and methods
	Newborn testing strategies
	Results
	Diffusion of different viral strains in first and second waves of COVID-19 in India
	Discussion
	Acknowledgements 
	References


