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a b s t r a c t 

Objectives: Coronavirus disease 2019 (COVID-19) has become a worldwide pandemic. However, the hazard 

to newborns in pregnancy remains controversial. The aim of this study was to investigate the vertical 

transmission of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from mother to child 

and developmental toxicity in the fetus. 

Methods: All clinical information was recorded on 22 neonates born to mothers with confirmed COVID-19 

pneumonia in Tongji Hospital. 

Results: The average birth weight of the 22 newborns (16 males and 6 females) was 2980 g, and the 

mean gestational week was 37W + 3. The birth weight of three babies was < 2500 g, and the gestational 

week of all three low-birth-weight neonates was less than 36W. Three newborns had minor lesions of 

infection in the lungs as shown by computed tomography (CT) scans. Furthermore, three newborns had 

elevated SARS-CoV-2-related immunoglobin M (IgM) antibodies, and 11 newborns (52.4%) had positive 

immunoglobin G (IgG) antibodies. Notably, both cystatin C and β2-microglobulin were increased in all 

newborns. Five of the 21 tested newborns had leukocytosis, and 11 had increased neutrophil levels. In 

addition, the aspartate aminotransferase of 18 newborns and the γ -glutamyl transpeptidase of 19 new- 

borns were increased. Total bilirubin was elevated in all newborns and serum albumin was reduced in 

20 of 22 newborns. 

Conclusions: This study was the first to discover that COVID-19 infection in the third trimester of 

pregnancy could cause fetal kidney developmental injury, as indicated by increased cystatin C and β2- 

microglobulin in all neonates. Furthermore, there is the possibility of maternal-fetal transmission of SARS- 

CoV-2. 

© 2020 Published by Elsevier Ltd. 
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hat are the novel findings of this work? 

The clinical characteristics of 22 neonates born to mothers 
with COVID-19 indicate that COVID-19 in the third trimester 
of pregnancy could cause fetal kidney developmental injury 
and there is the possibility of maternal-fetal transmission of 
SARS-CoV-2. 
∗ Corresponding author: Prof. Dong Liu, Department of Pharmacy, Tongji Hospi- 

al, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, 

30030, Hubei Province, China 

E-mail address: ld2069@outlook.com (D. Liu). 
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hat are the clinical implications of this work? 

This study provides a theoretical basis for early diagnosis 
of developmental toxicity in neonates whose mothers had 

COVID-19 during pregnancy. 

ntroduction 

Coronavirus disease 2019 (COVID-19), caused by the severe 

cute respiratory syndrome coronavirus 2 (SARS-CoV-2), broke out 

n Wuhan, China in December 2019. Within a few months, the 
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pidemic had spread around the world. As of November 10th, 

ore than 50 million people worldwide had been diagnosed with 

OVID-19, which has caused over 1.26 million deaths. There is 

urrently no validated treatment of the SARS-CoV-2, and only 

ymptomatic supportive therapy is available for the patient. The 

isease is a devastating blow to all humanity. Therefore, there 

s an urgent need for COVID-19 clinical studies to understand 

he disease course to enable better control and cure of the 

isease. 

Many clinical and basic research reports have been published 

n the outbreak of COVID-19. In February 2020, a study [1] pub- 

ished in The Lancet reported the epidemiological, clinical, labo- 

atory, and radiological characteristics of 41 COVID-19 patients as 

ell as the clinical outcomes of these patients. With the global 

utbreak of disease, more research has been conducted in other 

ountries, such as Spain [2] , India [3] , and the US [4] . Correspond-

ngly, the characteristics of COVID-19 have been gradually recog- 

ized. However, studies about COVID-19 in pregnant women and 

he pregnancy outcomes are still minimal, and the conclusions 

rawn so far are controversial. A study in The Lancet of nine 

regnant women with COVID-19 found no evidence for vertical 

ransmission [5] . Wu and colleagues [6] reported that the clinical 

haracteristics in pregnant women with COVID-19 were similar to 

hose of non-pregnant women. 

There are studies currently exploring the issue of vertical 

other-to-child transmission of SARS-CoV-2, but no consistent 

onclusions have been reached. For example, a case report pub- 

ished in JAMA [7] proposed the possibility of vertical transmis- 

ion from the view of antibodies. Baud et al. reported the second- 

rimester miscarriage in a pregnant woman with COVID-19 that 

as related to placental infection with SARS-CoV-2 [8] . Although 

o virus was found in the fetus in this case report, the authors 

uggest that vertical transmission of SARS-CoV-2 warrants further 

nvestigation. A study has reported that COVID-19 placentas show 

n increased prevalence of maternal vascular malperfusion, which 

s a pattern of placental injury and is associated with adverse peri- 

atal outcomes [9] . Penfield et al. demonstrated the presence of 

ARS-CoV-2 RNA in placental or membrane samples of pregnant 

omen with COVID-19 and raised the possibility of intrapartum 

iral exposure [10] . The study results indicated more research is 

eeded to confirm the possibility of vertical transmission. Kimber- 

in et al. proposed that the vertical transmission of the SARS-CoV- 

 needs more definitive evidence, with more research required to 

onfirm the possibility of this type of transmission [11] . However, 

eng et al. [12] found that 3 of 33 (9%) neonates born to mothers

ith COVID-19 were identified with positive SARS-CoV2 by poly- 

erase chain reaction (PCR), and the sources of SARS-CoV-2 in the 

eonates were likely maternal in origin. Hence, whether pregnant 

omen with confirmed COVID-19 pass the virus to their offspring 

emains controversial and requires further study. 

Therefore, to facilitate the containment of COVID-19, we retro- 

pectively collected the data from 22 newborns of women who had 

OVID-19 during pregnancy. 

ethods 

tudy design and participants 

All the newborns (16 males and six females) from pregnant 

omen with COVID-19 who were admitted to Tongji Hospital af- 

liated to Huazhong University of Science & Technology (Wuhan, 

hina) from January 1 to April 1, 2020 were recruited in this retro- 

pective study and the relevant medical indicators were recorded. 

regnant women provided verbal consent to participate in this 

tudy. All the pregnant women with COVID-19 diagnosis were 
2 
ased on the New Coronavirus Pneumonia Prevention and Control 

rogram (the 7th edition) published by the National Health Com- 

ission of China. The studies involving human participants were 

eviewed and approved by the Ethics Committees of Tongji Hos- 

ital of Tongji Medical College, Huazhong University of Science & 

echnology (approval number TJ-IRB20200338). 

ata collection 

All the related indicators of the pregnant women with COVID- 

9 and the newborn were reviewed, including epidemiological his- 

ory, clinical records, gestational age on infection and admission, 

pgar scores, laboratory index, chest computed tomography (CT) 

cans, antibody information, and medical information. Amniotic 

uid, umbilical cord blood, and neonatal throat swab samples were 

ollected immediately when each baby was born. Neonatal blood 

amples were received within 24 h after birth for standard bio- 

hemical and blood parameter assessments, including antibody de- 

ection, blood routine examination, and blood biochemistry test. 

ll the medical data were analysed and interpreted by two of the 

uthors (ZH and FY). Data were recorded by each of the two au- 

hors in a particular form and the accuracy of the data checked 

gainst each other. If there was a discrepancy in the data, a third 

uthor was asked to correct it. All the COVID-19 pregnant women 

ypes were identified according to the New Coronavirus Pneumo- 

ia Prevention and Control Program (the 7th edition). All samples 

including feces, urine, blood, gastric juices, and throat swab of the 

ewborn) were tested for SARS-CoV-2 using quantitative reverse 

ranscription PCR (qRT-PCR) with the Chinese Center for Disease 

ontrol and Prevention (CDC) recommended Kit (BioGerm, Shang- 

ai, China), following World Health Organization (WHO) guidelines 

or qRT-PCR [ 13 , 14 ]. 

ampling measurements 

The latex-enhanced turbidimetric immunoassay kit (Leadman 

Y7600, Beijing, China) was used to test the serum cystatin C con- 

entration on a Roche Cobas c701 (Roche, C80 0 0-701) chemistry 

nalyser, and it is used for clinical diagnosis (Medical Machin- 

ry Registration Certificate: 20172400748). The quantitative range 

f the kit was 0.2-8 mg/L. All intra-assay coefficients of variation 

ere < 5%, and the inter-assay coefficients of variation were < 10%. 

he recommended normal range of cystatin C in the newborn is 

.63-1.25 mg/L. The latex-enhanced turbidimetric immunoassay kit 

Roche 05950783, Indianapolis, USA) was used to test the serum 

2-microglobulin concentration on a Roche Cobas c701 (Roche, 

80 0 0-701) chemistry analyser, which is used for clinical diagno- 

is (Medical Machinery Registration Certificate: 20182402206). The 

uantitative range of the kit was 0.1-8 mg/L. Intra-assay and inter- 

ssay coefficients of variation were 0.8% and 1.5%, respectively. The 

ecommended limit of β2-microglobulin is 0.2 mg/L. The chemilu- 

inescent immunoassay iFlash SARS-CoV-2 IgG (C86095G, YHLO, 

henzhen, China) and iFlash SARS-CoV-2 IgM (C86095M, YHLO, 

henzhen, China) kits were used to test serum immunoglobulin 

 (IgM) and immunoglobulin G (IgG) concentration on the YHLO 

Flash 30 0 0 chemistry analyser. Intra-assay and inter-assay coef- 

cients of variation were 10% and 12%, respectively. The recom- 

ended limit for both IgM and IgG is < 10 AU/mL. 

tatistical analysis 

SPSS 23.0 (SPSS Science Inc., Chicago, Illinois) was used for data 

nalysis. Continuous variables were expressed as mean ±standard 

eviation (SD) or median (min-max) or as the number and per- 
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Table 1 

Clinical characteristics of newborns of SARS-CoV-2-infected pregnant women 

Clinical characteristics 

Birthday Bodyweight 

(kg) 

Apgar score 

(1 min, 5 

min) 

Inpatient 

days 

Gestational age 

on infection 

Gestational age 

on admission 

Complications SARS-CoV-2 

nucleic acid 

assay 

CT detection 

Fetus 1 Mar, 5 2.70 8, 9 16 32W 38W Anemia, Hyperbilirubinemia Negative Infection on lungs 

Fetus 2 Mar, 4 3.10 8, 9 18 38W 38W NA Negative Infection on lungs 

Fetus 3 Feb, 16 1.58 8, 9 30 30W + 5 31W Anemia, Hyperbilirubinemia Negative —

Fetus 4 Feb, 15 2.92 8, 9 25 37W + 5 38W + 3 Hyperbilirubinemia Negative —

Fetus 5 Feb, 13 2.84 8, 9 32 34w 36w + 3 Hyperbilirubinemia Negative —

Fetus 6 Feb, 16 3.29 8, 9 36 36W + 1 39W + 1 NA Negative —

Fetus 7 Mar, 4 1.06 7, 8 55 26W + 6 28W + 5 Hyperbilirubinemia Negative Infection on lungs 

Fetus 8 Feb, 20 4.12 8, 9 16 41W + 1 41W + 2 Hyperbilirubinemia Negative —

Fetus 9 Mar, 17 3.10 8, 9 45 30W 38W + 2 Hyperbilirubinemia Negative —

Fetus 10 Feb, 14 2.58 8, 9 34 35W + 1 35W + 2 NA Negative —

Fetus 11 Feb, 27 3.86 8, 10 13 34W + 3 38W Hyperbilirubinemia Negative —

Fetus 12 Feb, 29 3.93 8, 9 14 34W + 6 39W Hyperbilirubinemia Negative —

Fetus 13 Feb, 21 3.17 8, 9 15 38W + 2 39W Hyperbilirubinemia Negative —

Fetus 14 Mar, 19 2.58 8, 9 9 35W + 3 35W + 6 Hyperbilirubinemia Negative —

Fetus 15 Mar, 19 2.29 8, 10 6 35W + 3 35W + 6 Hyperbilirubinemia Negative —

Fetus 16 Mar, 18 3.14 8, 9 16 31W + 3 38W Hyperbilirubinemia Negative —

Fetus 17 Feb, 17 2.64 8, 9 14 37W + 4 37W + 5 Hyperbilirubinemia Negative —

Fetus 18 Feb, 20 3.71 9, 10 10 38W + 3 38W + 6 NA Negative —

Fetus 19 Apr, 17 3.05 8, 9 5 38W + 2 38W + 3 Hyperbilirubinemia Negative —

Fetus 20 Apr, 6 2.75 9, 10 16 39W + 4 39W + 5 Hyperbilirubinemia Negative —

Fetus 21 Apr, 3 3.60 9, 10 2 39W + 6 40W Hyperbilirubinemia Negative —

Fetus 22 Apr, 18 3.55 8, 10 14 38W + 2 38W + 3 NA Negative —

NA: no complications; —: not tested 
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entage, as appropriate. Categorical variables were summarized as 

ounts and percentages. 

esults 

linical characteristics of newborns of SARS-CoV-2-infected pregnant 

omen 

The clinical characteristics and the relevant detection indicators 

f the 22 newborns (16 males and six females) are summarized 

n Table 1 . The average birth weight of the newborns was 2980 

, with the birth weight of only three babies (13.6%) < 2500 g. 

tatistically, only one of the fetuses (Fetus 7) was considered in- 

rauterine growth restriction (IUGR). The number of weeks of ges- 

ation was < 36 for all three low-birth-weight neonates (35W + 2, 

1W, 28W + 5, respectively), and the mean gestational duration was 

7W + 3. The mean gestational age on infection of the pregnant 

other was 35W + 5, which means the pregnant women gave birth 

ithin two weeks of COVID-19 diagnosis. All 22 neonates had a 

-min Apgar score of 8–9 (except Fetus 7, Apgar score of 7) and 

 5-min Apgar score of 9–10 (except Fetus 7, Apgar score of 8), 

nd there was no fetal death, neonatal death, or neonatal asphyxia 

bserved in the study. The mean (min-max) inpatient days of the 

ewborns was 20.05 (2-55) days. As these neonates were at high 

isk of SARS-CoV-2 infection, the SARS-CoV-2 nucleic acid assay 

as tested in the feces, urine, blood, gastric juices, and throat 

wab of the newborn. Fortunately, there were no SARS-CoV-2 nu- 

leic acids in the newborns tested. Three of the newborns had 

inor lesions of infection in the lungs as shown by CT scans. 

hese lesions could be the result of COVID-19 or could be aspecific 

esions of other causes, such as amniotic fluid resorption delay, 

tc. 

aboratory characteristics of newborns of SARS-CoV-2-infected 

regnant women 

The laboratory indicators of the 22 neonates were collected. As 

hown in Table 2 , the mean (min-max) cardiac troponin I (cTnI) of 
3 
he newborns was 21.85 (3.1-115) pg/mL and the mean (min-max) 

T-pro brain natriuretic peptide (NT-pro BNP) of the newborns 

as 4833.6 (611-22119) pg/mL. Blood cell count results showed 

hat of the 21 newborns tested, five had leukocytosis, 11 had in- 

reased neutrophils, six had reduced lymphocytes, and seven had 

ncreased platelet counts. There were increased levels of aspartate 

minotransferase (AST) in 18 of 22 newborns and of γ -glutamyl 

ranspeptidase (GGT) in 19 of 22 newborns. All newborns had in- 

reased total bilirubin, 20 of 22 had reduced serum albumin, and 

4 of 22 had elevated concentrations of C-reactive protein (CRP). 

oth cystatin C and β2-microglobulin increased in all the new- 

orns. 

Regarding SARS-CoV-2 antibodies, only three newborns (Fetus 

, 2 and 16) had elevated IgM antibodies, but 52.4% of the new- 

orns (including Fetus 1, 2 and 16) were SARS-CoV-2 IgG-positive. 

etus 1 was delivered by cesarean section and was hospitalized for 

6 days; the fetus had no other abnormal symptoms and was not 

reated with any drugs. IgM antibodies in the umbilical cord blood 

nd fetal blood were 184.32 and 48.93 AU/mL, respectively. The de- 

ay between maternal infection and delivery for Fetus 1 was 41 

ays. The maternal symptoms were fever (the highest body tem- 

erature was 39 °C) with cough and fatigue, nausea, and vomiting 

ith diarrhea. The mother was admitted to the hospital 32 days 

efore the delivery, and she was given symptomatic support treat- 

ent, such as oxygen inhalation therapy, prevention of infection, 

nd promotion of fetal lung maturation. By 14 days before deliv- 

ry, all symptoms of the pregnant woman had improved signifi- 

antly. Fetus 2 was delivered by cesarean section and was hospital- 

zed for 18 days; the fetus had no other abnormal symptoms and 

as not treated with any drugs. IgM antibody in the fetal blood 

as 15.75 AU/mL. The mother was diagnosed with COVID-19 by 

T examination just before the delivery, and she did not have any 

ymptoms. Fetus 16 was delivered by cesarean section and was 

ospitalized for 16 days; the fetus had no other abnormal symp- 

oms and was not treated with any drugs. IgM antibody in the fe- 

al blood was 22.8 AU/mL. The delay between maternal infection 

nd delivery for Fetus 16 was 14 days, and she did not have any 

ymptoms. 
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Table 2 

Laboratory characteristics of newborns of SARS-CoV-2-infected pregnant women 

cTnI NT-porBNP Routine blood test Liver function test CRP (mg/L) Renal function test SARS-CoV-2 Antibodies 

White blood cell 

count ∗10 ̂ 9/L 

Neutrophil 

count ∗10 ̂ 9/L 

Lymphocyte 

count ∗10 ̂ 9/L 

Hemoglobin 

g/L 

Platelet count 
∗10 ̂ 9/L 

ALT 

(U/L) 

AST 

(U/L) 

GGT 

(U/L) 

Albumin 

(g/L) 

Total bilirubin 

(umol/L) 

Cystatin C 

(mg/l) 

β2-microglobulin 

(mg/L) 

IgM 

(AU/ml) 

IgG 

(AU/ml) 

Fetus 1 11.8 1464 13.77 7.72 4.52 123 ↓ 258 13 91 ↑ 200 ↑ 33.5 ↓ 61.3 ↑ 0.9 1.86 ↑ 0.38 ↑ 48.39 ↑ 181.12 ↑ 
Fetus 2 13 1828 18.73 11.93 ↑ 4.75 161 295 7 38 ↑ 58 ↑ 33.9 ↓ 75.2 ↑ 3.7 ↑ 1.75 ↑ 2.56 ↑ 15.75 ↑ 222.11 ↑ 
Fetus 3 20.9 8354 8.91 5.49 1.9 ↓ 200 ↑ 299 8 61 ↑ 291 ↑ 35.2 ↓ 88.1 ↑ 2.2 ↑ 1.97 ↑ 12.06 ↑ 2.6 113.00 ↑ 
Fetus 4 32.1 4633 16.53 11.41 ↑ 3.68 189 260 29 87 ↑ 614 ↑ 34.6 ↓ 94.5 ↑ 4.2 ↑ 1.76 ↑ 3.09 ↑ 5.29 120.77 ↑ 
Fetus 5 7.1 857 11.09 6.91 2.41 ↓ 218 ↑ 301 ↑ 7 31 136 ↑ 40.2 43.8 ↑ 0.1 1.82 ↑ 0.34 ↑ 1.33 1.61 

Fetus 6 65.8 6197 12.44 7.93 3.33 165 295 54 ↑ 340 ↑ 146 ↑ 34.4 ↓ 67.3 ↑ 1.4 ↑ 1.49 ↑ 3.67 ↑ 0.6 1.28 

Fetus 7 12.2 16357 13 7.13 4.25 141 233 6 44 ↑ 98 ↑ 27.2 ↓ 62.0 ↑ 0.3 — — 0.25 0.36 

Fetus 8 10 3029 16.14 10.84 ↑ 4.34 119 ↓ 242 7 35 ↑ 56 ↑ 36.5 ↓ 59.6 ↑ 2.8 ↑ 1.77 ↑ 13.02 ↑ 1.55 2.68 

Fetus 9 21.2 4146 31.75 ↑ 23.15 4.79 185 420 ↑ 12 40 95 ↑ 32.7 ↓ 113.8 ↑ 0.4 — — 2.98 145.75 ↑ 
Fetus 10 6.4 2293 15.46 8.23 4.29 164 154 10 40 ↑ 250 ↑ 36.1 ↓ 109.7 ↑ 2.2 ↑ 2.1 ↑ 0.67 ↑ 0.35 3.45 

Fetus 11 26.8 1342 16.48 11.15 ↑ 3.43 140 ↓ 369 ↑ 6 26 58 35.3 ↓ 76.4 ↑ 0.5 1.87 ↑ 1.55 ↑ 3.52 134.13 ↑ 
Fetus 12 20.2 6362 30.43 ↑ 21.52 ↑ 5.43 180 307 ↑ 15 89 ↑ 50 53.8 84.9 ↑ 1.1 ↑ 1.52 ↑ 5.34 ↑ 2.2 78.41 ↑ 
Fetus 13 12.7 22119 20.9 ↑ 16.21 ↑ 2.67 ↓ 179 300 11 70 ↑ 254 ↑ 37.9 ↓ 100.7 ↑ 10.8 ↑ 1.38 ↑ 5.83 ↑ 0.49 1.77 

Fetus 14 12.5 2678 10.57 6.37 2.55 ↓ 179 318 ↑ 15 90 ↑ 270 ↑ 34.1 ↓ 67.5 ↑ 1.3 ↑ — — 0.19 3.37 

Fetus 15 17.4 2615 13.32 7.98 3.73 161 287 22 120 ↑ 133 ↑ 35.8 ↓ 62.6 ↑ 1.7 ↑ — — 0.25 3.26 

Fetus 16 6.2 4746 15.16 7.85 4.65 170 333 ↑ 14 46 ↑ 153 ↑ 34.6 ↓ 176.3 ↑ 3.8 ↑ — — 22.8 ↑ 116.48 ↑ 
Fetus 17 115 611 20.66 ↑ 14.91 ↑ 3.03 211 ↑ 266 5 25 247 ↑ 33.9 ↓ 36.6 ↑ < 0.1 2.47 ↑ 5.45 ↑ 2.73 0.59 

Fetus 18 22.5 3460 16.88 13.51 ↑ 2.22 ↓ 130 ↓ 362 ↑ 9 54 ↑ 60 33.8 ↓ 58.3 ↑ 9.2 ↑ 1.65 ↑ 1.95 ↑ — —

Fetus 19 10.1 — 31.36 ↑ 23.94 ↑ 4.13 194 ↑ 276 12 81 ↑ 92 ↑ 37 ↓ 102.0 ↑ — 1.42 ↑ — 0.71 100.99 ↑ 
Fetus 20 7.6 1935 15.96 11.28 ↑ 3.27 153 298 13 66 ↑ 67 ↑ 37 ↓ 93.4 ↑ 1.7 ↑ 1.65 ↑ — 6.62 96.17 ↑ 
Fetus 21 3.1 2959 17.92 12.73 ↑ 2.66 ↓ 175 282 9 63 ↑ 81 ↑ 33 ↓ 88.6 ↑ 4.6 ↑ — — 0.18 0.46 

Fetus 22 26.2 3521 — — — — — 9 65 ↑ 193 ↑ 35.4 ↓ 62.7 ↑ 0.6 — — 1.15 110.38 ↑ 
cTnI: cardiac troponin I; NT-porBNP: NT-pro brain natriuretic peptide; ALT: Alanine transaminase; AST: aspartate aminotransferase; GGT: γ -glutamyl transpeptidase; CRP: C-reactive protein; IgG: immunoglobulin G; IgM: 

immunoglobulin M 

↑ : test value higher than normal; ↓ : test value lower than normal; —: not tested 

4
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iscussion 

linical characteristics of newborns of SARS-CoV-2-infected pregnant 

omen 

The aim of this study was to assess the clinical data from 

2 neonates born between January and April 2020, whose moth- 

rs were diagnosed with COVID-19. Recent literature [15] indi- 

ates that SARS-CoV-2 infection in late pregnancy is not associ- 

ted with adverse outcomes in the newborns, i.e., no asphyxia 

nd no positive results for SARS-CoV-2 nucleic acid in the pha- 

yngeal swab, amniotic fluid, and umbilical cord blood. Similarly, 

n the current study of 22 newborns, there were no deaths or 

eonatal asphyxia, and all the SARS-CoV-2 nucleic acid tests were 

egative. However, 17 of 22 newborns showed hyperbilirubinemia, 

hich may be physiological. The average birth weight of the new- 

orns was 2980 g. Only three babies had a low birth weight, which 

ay be related to the < 36 weeks’ gestation. Three newborns had 

 CT scan and were found to have minor lesions of infection in 

he lungs, which indicates newborns of SARS-CoV-2-infected preg- 

ant women are at risk of COVID-19 at birth. The results of this 

tudy indicate that SARS-CoV-2 disease in late pregnancy does not 

ffect the birth weight and SARS-CoV-2 infection status of the 

eonates. 

aternal-fetal transmission of SARS-CoV-2 infection 

There are few reports on the influence of SARS-CoV-2 infec- 

ion on newborn babies, so our understanding of this aspect is 

till lacking. The question of whether SARS-CoV-2 transmission can 

ccur vertically through mother to baby has not yet been estab- 

ished. A few reports claim that this spread does not exist. For 

xample, Chen et al . found no evidence for vertical transmission 

n nine pregnant women with COVID-19 [5] . A handful of other 

tudies show mother-to-child transmission is unlikely for SARS- 

oV-2, with the evidence for this conclusion mostly based on the 

act that this virus has not been detected in fetuses [16-18] . How- 

ver, these studies were inadequate as they had small sample sizes 

nd only focused on the SARS-CoV-2 nucleic acid results. In the 

urrent cohort study, SARS-CoV-2 nucleic acids in all the new- 

orns were negative, which is similar to the above studies. How- 

ver, the current study also showed three newborns had elevated 

ARS-CoV-2 IgM antibody, and 11 (52.4%) of the newborns were 

gG-positive at birth. As is well known, the detection of IgG an- 

ibodies in the newborns has no reliable value as these antibod- 

es could have transferred from the mothers. Although IgM anti- 

odies could reflect a fetal immune reaction, some cross-reactions 

ave been described between the antibodies of COVID-19 and oth- 

rs. Recent studies showed there were cross-reactions between 

heumatoid factor and the IgM of SARS-CoV-2, leading to false- 

ositive results [19] . Moreover, the intra-assay and inter-assay co- 

fficients of variation were 10% and 12% for IgM detection, so there 

ay have been cross-reaction. Placental alterations may allow the 

assage of IgM. The study by Nakamura et al. indicates that IgM 

as transported from the maternal tissues to embryos via a unique 

athway in the viviparous teleost [20] . None of the newborns in 

he current study were positive for SARS-CoV2 nucleic acids, so 

he elevated SARS-Cov2 IgM level in the three newborns at birth 

ndicate there was very probably an intrauterine infection of the 

ARS-CoV-2. Interestingly, the umbilical cord blood IgM for one of 

he fetuses (Fetus 1) was positive (184.32 AU/mL). Antibody tests 

ere not performed in the umbilical cord blood of the remaining 

1 fetuses. We speculate the possibility of maternal-fetal transmis- 

ion of the virus, which is similar to the study published by Zeng 

t al. [12] . 
5 
idney damage in the newborn of SARS-CoV-2-infected pregnant 

omen 

Most research shows no symptomatic neonates born to moth- 

rs with confirmed COVID-19 [ 5 , 16 ]. Li et al . found mothers with

OVID-19 did not have associated severe neonatal complications 

21] . However, in the current study, mean cTnI of the newborn was 

1.85 pg/mL, and mean NT-pro BNP was 4833.6 pg/mL. In addition, 

lood cell count results showed that of the 21 newborns tested, 

ve had leukocytosis, and 11 had increased neutrophils. Further- 

ore, liver function test results showed that AST was increased in 

8 of 22 newborns, all newborns had increased total bilirubin, and 

0 of 22 had reduced serum albumin. Some studies indicated that 

OVID-19 patients showed elevated GGT levels [ 22 , 23 ]. A meta- 

nalysis analysed 128 COVID-19 studies and found that the most 

requent abnormality in liver functions was hypoalbuminemia, fol- 

owed by disorders in GGT [24] . In the current study, GGT was in-

reased in 19 of 22 newborns. These results indicate the possibility 

f neonatal liver damage. However, some of the neonates had hy- 

erbilirubinemia, which does not rule out physiological jaundice. 

As a potential biomarker for neonatal renal function, cystatin 

 and β2-microglobulin significantly improved the risk classifica- 

ion for death and renal disease across diverse populations [ 25 , 26 ].

levation of cystatin C occurs before the increase in serum crea- 

inine. Some pediatric studies showed that cystatin C level was a 

ore accurate measure than serum creatinine for estimating re- 

al function in newborns [ 27 , 28 ], and a better marker for estimat-

ng glomerular filtration in preterm infants [29] . Bokenkamp et al. 

ound that cystatin C and β2-microglobulin concentrations in fe- 

al serum would be useful predictors for postnatal kidney func- 

ion [30] . Notably, both cystatin C and β2-microglobulin increased 

n all the newborns, which was not reported in previous studies. 

he above results indicate that confirmed COVID-19 in pregnant 

omen may lead to fetal kidney damage. 

trengths and Limitations 

Although the results of the current study indicate the possibility 

f vertical transmission between mother and child, the small sam- 

le size means more research is needed to confirm this conclusion. 

n this study, virus (IgM) antibody was detected in the umbilical 

ord of only one fetus; antibody tests were not performed in the 

mbilical cord of the remaining 21 fetuses. Fetal serum for all fe- 

uses was tested for SARS-CoV-2 antibodies; IgM was positive for 

nly three newborns. So far, only Zeng et al [12] found that 3 of 

3 (9%) neonates born to mothers with COVID-19 were identified 

ith positive SARS-CoV2 by PCR, and the sources of SARS-CoV-2 

n the neonates were likely maternal in origin. This is why vertical 

ropagation can only be suggested and more studies are needed to 

onfirm this conclusion. Most researchers are focusing on the pres- 

nce of COVID-19 nucleic acids in the neonates. When the results 

ere negative, they concluded that there was no mother-to-child 

ransmission. This is not reliable because infectious diseases are 

nherently self-healing. Therefore, follow-up studies are required 

o verify this conclusion in more samples and with more time 

oints. Maternal COVID-19 causing kidney damage in neonates has 

ot been reported before. Follow-up studies are needed to explore 

hether the impact is long-term. 

onclusions 

The clinical characteristics of the newborns in this study indi- 

ate that SARS-CoV-2-infected pregnant women have a favorable 

regnancy outcome, and SARS-CoV-2 infection in the late stage of 

regnancy does not affect the fetal birth weight or SARS-CoV-2 in- 

ection status. There is the possibility of maternal-fetal transmis- 
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ion of the SARS-CoV-2 virus, due to the presence of COVID-19 

gM antibody in umbilical cord blood and fetal blood. Early kidney 

amage, as shown by increased cystatin C and β2-microglobulin, 

as found in all the newborns in the study. The authors pro- 

ose the possibility of vertical mother-to-child transmission of the 

ARS-CoV-2 virus and the resulting renal damage, which is vital for 

nderstanding the clinical characteristics of newborns of pregnant 

omen with COVID-19. Although the results of this study should 

e evaluated with caution because of the small number of new- 

orns, they increase the awareness of the potential effects of SARS- 

oV-2 on newborns. This study provides some clinical support for 

he early warning of SARS-CoV-2 damage on neonates. 
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