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Short title: Maternal Vaccination Against COVID-19 and Neonatal 103 

Outcomes    104 

   105 

BACKGROUND: In early 2023, when Omicron was the variant of concern, we showed 106 

that vaccinating pregnant women decreased the risk of severe COVID-19 related 107 

complications, and maternal morbidity and mortality. 108 

OBJECTIVES: To analyze the impact of COVID-19 during pregnancy on newborns and 109 

the effects of maternal COVID-19 vaccination on neonatal outcomes, when Omicron 110 

was the variant of concern.  111 

STUDY DESIGN: INTERCOVID-2022 is a large, prospective, observational study, 112 

conducted in 40 hospitals across 18 countries, from November 27, 2021 (the day after 113 

the World Health Organization declared Omicron the variant of concern) to June 30, 114 

2022, to assess the effect of COVID-19 in pregnancy on maternal and neonatal 115 

outcomes, as well as vaccine effectiveness (VE). Women diagnosed with laboratory-116 

confirmed COVID-19 in pregnancy were compared with two ‘non-diagnosed’, 117 

unmatched women recruited concomitantly and consecutively in pregnancy or at 118 

delivery. Mother/newborn dyads were followed until hospital discharge. Primary 119 

outcomes were a neonatal positive test for COVID-19, severe neonatal morbidity index 120 
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(SNMI), severe perinatal morbidity and mortality index (SPMMI), preterm birth, neonatal 121 

death, referral to neonatal intensive care unit (NICU), and diseases during the neonatal 122 

period. VE was estimated adjusted by maternal risk profile.  123 

RESULTS: We enrolled 4707 neonates born to 1577 (33.5%) mothers diagnosed with 124 

COVID-19 and 3130 (66.5%) non-diagnosed mothers. Amongst diagnosed mothers, 125 

642 (40.7%) were not vaccinated, 147 (9.3%) were partially vaccinated, 551 (34.9%) 126 

were completely vaccinated, and 237 (15.0%) also had a booster vaccine. Neonates of 127 

booster-vaccinated mothers had less than half (RR=0.46; 95%CI=0.23, 0.91) the risk of 128 

being diagnosed with COVID-19 compared to those of unvaccinated mothers; they also 129 

had the lowest rates of preterm birth, medically-indicated preterm birth, respiratory 130 

distress syndrome and number of days in NICU. 131 

Newborns of unvaccinated mothers had double the risk of neonatal death (RR=2.06; 132 

95% CI=1.06, 4.00) compared to those of non-diagnosed mothers. Vaccination was not 133 

associated with any congenital malformations. Although all vaccines provided protection 134 

against neonatal test positivity, newborns of booster-vaccinated mothers had the 135 

significantly highest VE (64%; 95% CI=10-86%); VE was not as high for mRNA 136 

vaccines only. VE against moderate/severe neonatal outcomes was much lower: 13% in 137 

the booster-vaccinated group (all vaccines), and 25% and 28% in the completely and 138 

booster-vaccinated groups, respectively (mRNA vaccines only). Vaccines were fairly 139 

effective in protecting neonates when given to pregnant women 100 days (14 weeks) or 140 

less before birth; thereafter, the risk increased and was much higher after 200 days (29 141 

weeks).. Finally, none of the neonatal practices studied, including skin-to-skin contact 142 

and direct breastfeeding, increased the risk of infecting newborns. 143 
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CONCLUSION: When Omicron was the variant of concern, newborns of unvaccinated 144 

mothers had an increased risk of neonatal death. Neonates of vaccinated mothers had 145 

a decreased risk of preterm birth and adverse neonatal outcomes. As the protective 146 

effect of COVID-19 vaccination decreases with time, to ensure that newborns are 147 

maximally protected against COVID-19 mothers should receive a vaccine or booster 148 

dose no more than 14 weeks before the expected date of delivery   149 

Key words: COVID-19, COVID-19 vaccination, SARS-CoV-2, SARS-CoV-2 exposure, 150 

pregnancy, neonatal health, morbidity, mortality, multicenter study, neonatal intensive 151 

care admission, neonatal outcomes, preterm birth, respiratory support, respiratory 152 

symptoms, newborn, neurologic outcomes, skin-to-skin, perinatal practices,   153 
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Tweetable statement  155 

INTERCOVID 2022: Neonates of booster-vaccinated mothers had less than half the risk 156 

of being infected with COVID-19 compared to those of unvaccinated mothers; and the 157 

lowest rates of preterm birth, respiratory distress syndrome and days in NICU. 158 

  159 
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AJOG at a glance 160 

Why was this study conducted? 161 

We aimed to study the effects of: 1) COVID-19 during pregnancy on newborns and 2) 162 

maternal vaccination on neonatal outcomes, when Omicron was the variant of concern. 163 

Key findings: 164 

Neonates of booster-vaccinated mothers had less than half the risk of being diagnosed 165 

with COVID-19 compared to those of unvaccinated mothers; they also had the lowest 166 

rates of preterm birth, medically-indicated preterm birth, respiratory distress syndrome 167 

and number of days in NICU. All vaccines provided protection against neonatal test 168 

positivity, but vaccine effectiveness was highest in newborns of booster-vaccinated 169 

mothers. Vaccines were fairly effective in protecting neonates when given to pregnant 170 

women 100 days (14 weeks) or less before birth; thereafter, the risk increased and was 171 

much higher after 200 days (29 weeks). None of the neonatal practices studied, 172 

including skin-to-skin contact and direct breastfeeding, increased the risk of infecting 173 

neonates. 174 

What does this add to what is known? 175 

At a time when Omicron was the variant of concern, neonates of unvaccinated mothers 176 

died twice as frequently as those of vaccinated mothers. Vaccines protected against 177 

preterm birth and adverse neonatal outcomes. To ensure that newborns are maximally 178 

protected against COVID-19, women should receive a vaccine or booster dose no more 179 

than 14 weeks before the expected date of delivery. 180 
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Introduction 184 

In 2022, we reported the results of the INTERCOVID multinational study, which showed 185 

that neonates born to women with COVID-19 between March 2, 2020 and March 18, 186 

2021, i.e. when the original wild type was predominant, were at increased risk of 187 

neonatal complications.1 Moreover, neonates of infected women delivered by Cesarean 188 

section were more likely to become infected than those born vaginally. 189 

We then published, in early 2023, the first results of the INTERCOVID-2022 study 190 

describing the health outcomes of women who gave birth between November 27, 2021 191 

and June 30, 2022, i.e. during the period when Omicron was the variant of concern. We 192 

reported that, compared to vaccinated women, infected unvaccinated women had a 193 

greater risk of severe COVID-19 symptoms, referral to higher level of care, intensive 194 

care unit (ICU) admission, and death. Specifically, a complete vaccine regimen provided 195 

74% protection against these outcomes, and an additional booster gave 91% 196 

protection.2 197 

Recent publications have dealt with the consequences of COVID-19 infection on 198 

pregnant women and the fetus/newborn,3-5 and the effects on pregnant women and their 199 

newborns and infants of the COVID-19 vaccines, including antibody response and 200 

transplacental transfer of antibodies.6-13 201 

One recent meta-analysis, conducted before the emergence of the Omicron variant, 202 

found that neonates of infected mothers were more likely to be born preterm and 203 

admitted to a neonatal ICU (NICU) than those born to uninfected mothers.14 Another 204 

meta-analysis found that infants whose mothers received an mRNA vaccine during 205 
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pregnancy were 15% less likely to be born preterm and 20% less likely to be admitted to 206 

a NICU compared to infants of unvaccinated mothers.15 Subgroup analysis based on 207 

different SARS‐CoV‐2 variant periods showed that maternal vaccination reduced the 208 

risk of infection by 70% by 2, 4 and 6 months of life in the Delta period, but the risk 209 

increased by 78% during the Omicron period.  210 

A Norwegian nationwide registry-based cohort study 16 found that infants whose 211 

mothers received an mRNA vaccine had a substantially lower risk of testing positive for 212 

SARS-CoV-2 during the first 4 months of life compared with infants of unvaccinated 213 

mothers. This reduction was noted during the periods when the Delta and Omicron 214 

variants were predominant, although vaccine effectiveness (VE) seemed greater when 215 

Delta predominated. The possible protective effect of vaccination on the risk of other 216 

adverse neonatal outcomes was not evaluated.  217 

Here, we report on the effects of COVID-19 during pregnancy on neonatal outcomes 218 

during the Omicron period in the INTERCOVID-2022 Study. We specifically aimed to 219 

determine whether maternal vaccination protected against neonatal infection with 220 

SARS-CoV-2, severe neonatal complications, NICU admission and death.  221 

Materials and Methods 222 

Study design and participants  223 

This was a prospective, observational, cohort study involving 40 hospitals in 18 224 

countries (Argentina, Brazil, Egypt, France, Indonesia, Israel, Italy, Japan, Mexico, 225 

Nigeria, North Macedonia, Pakistan, Spain, Switzerland, Turkey, UK, Uruguay and the 226 

USA). Participating hospitals are part of the Oxford Maternal and Perinatal Health 227 
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Institute (OMPHI) worldwide network of research institutions that provide routine care to 228 

several thousand women and neonates every year following standardized protocols 229 

(wrh.ox.ac.uk/research/omphi). These hospitals were not selected to represent the 230 

underlying populations, rather to enable us to enroll the maximum number of 231 

‘diagnosed’, and concomitant ‘non-diagnosed’ pregnant women in the shortest possible 232 

time. We conducted a priori power analysis to determine the required sample size for 233 

our study. To estimate relative risks, we used 50% of the relative risk from our previous 234 

COVID-19 study (Villar et al. 2021). The largest estimated sample size for COVID-19 235 

exposed pregnant women was 1041 to obtain 80% power for neonatal morbidity with an 236 

estimated relative risk of 1.8.   237 

The protocol has been previously described.2 Women with a documented laboratory-238 

confirmed diagnosis of COVID-19 (real-time polymerase chain reaction – PCR or rapid 239 

test) who delivered between September 10, 2021 and June 23, 2022 were enrolled, at 240 

any time during pregnancy or delivery, at the participating hospitals. Live and stillborn 241 

singleton and multiple births, and those with congenital anomalies, were included. 242 

Mothers and their live newborns were followed until hospital discharge.  243 

After each COVID-19 diagnosed woman was enrolled, to minimise risk of bias, two 244 

unmatched COVID-19 non-diagnosed women, as representative of the pregnant 245 

population at each study site, were enrolled concomitantly and consecutively, i.e., at 246 

delivery or at the same level of care (if identified antenatally). If a non-diagnosed woman 247 

did not agree to participate, the next woman was approached until two non-diagnosed 248 

women were enrolled per diagnosed woman. If a non-diagnosed woman reported or 249 

had a documented COVID-19 diagnosis before the index pregnancy (n=9), she was 250 
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counted as non-diagnosed for the risk analyses but considered immunologically 251 

exposed for the VE analyses. 252 

The Oxford Tropical Research Ethics Committee and all local ethics committees 253 

approved the study, which did not interfere with clinical management. Informed consent 254 

(oral or written) was obtained from study participants according to local requirements, 255 

except when a local committee granted waiver/exemption. We adhered to the 256 

Declaration of Helsinki and Good Clinical Practice guidelines. The study protocol, 257 

including the laboratory tests used, has been previously published.1 258 

Procedures 259 

During the study period, universal screening for COVID-19 was implemented in 28 260 

(70%) of the 40 maternity hospitals; thus, 3615 (78.3%) of the 4618 pregnant women 261 

enrolled were tested at the time of admission, including delivery. The other 1003 262 

(21.7%) women were tested if they were symptomatic or if they were asymptomatic but 263 

had had direct contact with cases or family members of cases, or were health care 264 

providers, schoolteachers, front-line public workers or patients at high risk, according to 265 

local protocols. If women were test-positive but asymptomatic, they were analyzed 266 

under the asymptomatic strata. We obtained ecological-level information on the 267 

predominant variant during the study period from official monthly reports from 268 

catchment areas of each participating hospital. 269 

For consistency, we used the same procedures, documentation and data management 270 

system as in our original INTERCOVID Study.17 Maternal and pregnancy history, 271 

delivery mode, indication for Cesarean section, newborn outcomes, and feeding 272 
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practices were collected using standardized INTERGROWTH-21st forms (The Global 273 

Health Network). All data were obtained from the medical records, collected on neonatal 274 

and mother care forms during hospital stay and at discharge. 275 

Gestational age estimation was based on ultrasound measurement of fetal crown-rump 276 

length (<14 weeks’ gestation) against the international INTERGROWTH-21st standard 277 

18, or if early ultrasound was not carried out, the “best obstetric estimate” was used (all 278 

clinical and ultrasonography data available at the time of delivery). Newborn weight, 279 

length and head circumference at birth were assessed against the international 280 

INTERGROWTH-21st standards.19 Measurement instruments were regularly calibrated 281 

and used by trained staff. In addition, we recorded data on mother’s health and 282 

condition at admission, perinatal management, in-hospital baby practices including 283 

immediate skin-to-skin contact, rooming-in and maternal isolation from newborns, and 284 

the practice by mothers and hospital staff of using masks and hand washing before 285 

touching newborns. Detailed data regarding feeding were recorded and included: the 286 

type of feeding, i.e., any breastfeeding (defined as exclusive or partial breastfeeding) 287 

and no breastfeeding (defined as exclusive formula or only parenteral nutrition); mode 288 

of feeding, i.e., direct breastfeeding, bottle feeding, or tube feeding.  289 

Vaccination history was obtained from the medical records, vaccination registries, 290 

primary care records, maternal vaccination cards, maternal oral report or any other 291 

documentation or registration system. If none of these methods provided evidence of 292 

vaccination, women were considered unvaccinated.   293 

For stratified a priori determinate analyses, we documented the type of vaccine, number 294 

of doses and time between the last dose received and the first post-vaccination COVID-295 
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19 positive laboratory test. We categorized women as boosted if they received three 296 

doses of any vaccine or two doses of a Janssen or Johnson & Johnson vaccine; 297 

completely vaccinated if they received two doses of any vaccine or one dose of a 298 

Janssen or Johnson & Johnson vaccine; partially vaccinated if they received one dose 299 

of any vaccine other than Janssen or Johnson & Johnson, or if they indicated they were 300 

vaccinated but did not provide further information; and unvaccinated if they received no 301 

doses or vaccination status was missing (n=19). We grouped vaccinated women 302 

according to the type of vaccine administered: mRNA (Moderna or Pfizer-BioNTech), 303 

inactivated virus (Cansino, Coronovac, Covaxin, Sinopharm or SinoVac), and viral 304 

vector (AstraZeneca, Covishield, Janssen, Johnson & Johnson or Sputnik). For four 305 

women, we imputed the type of vaccine based on the vaccine offered to pregnant 306 

women in the hospital’s catchment area at the time of the study. 307 

  308 
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Outcomes 309 

The analytical strategy was based on two sets of comparisons: 1) between neonates of 310 

mothers exposed and those not exposed to COVID-19, 2) between neonates of 311 

diagnosed mothers not exposed to vaccination compared to those partially, completely 312 

or booster vaccinated, and 3) between neonates of diagnosed mothers stratified by 313 

vaccination status (unvaccinated, partially, completely or booster vaccinated) 314 

comparison to those not exposed to COVID-19. The primary outcomes were: a) Severe 315 

neonatal morbidity index (SNMI), including at least one morbidity (bronchopulmonary 316 

dysplasia, hypoxic-ischemic encephalopathy, sepsis, anemia requiring transfusion, 317 

patent ductus arteriosus, intraventricular hemorrhage, necrotizing enterocolitis, and 318 

retinopathy of prematurity), and b) Severe perinatal morbidity and mortality index 319 

(SPMMI), including any of the morbidities listed in the SNMI, intrauterine or neonatal 320 

death, or a NICU stay ≥7 days. Secondary outcomes were each component of the 321 

above indices considered separately.  322 

The maternal symptoms severity score was defined as a continuous variable made up 323 

of the sum of pre-set values attributed to each maternal COVID-19-related symptom, 324 

according to the severity of the symptom. 325 

Cesarean section indications were grouped into those potentially COVID-19-related vs 326 

all others. We included in the potentially COVID-19-related indications pregnancy 327 

induced hypertension (PIH), preeclampsia and eclampsia, fetal distress, small for 328 

gestational age, premature rupture of membranes and infections. 329 
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Neonatal health outcomes, diagnostics and treatments were collected in detail and then 330 

presented as categories: 1) Neurologic problems including seizures, hydrocephalus, 331 

neurologic disorders, hypoxic-ischemic encephalopathy and periventricular 332 

hemorrhage/leukomalacia; 2) Gastrointestinal conditions including no enteral feeding for 333 

> 24 hours, necrotizing enterocolitis, stoppage of enteral feeding for more than 3 334 

consecutive days, gastro-esophago-pharyngeal reflux, persistent vomiting, and 335 

diarrhea; 3) Infections including sepsis, hypotension requiring inotropic drugs and/or 336 

steroids, and pneumonia or acute respiratory infections; 4) Respiratory conditions 337 

including pneumonia/bronchiolitis, apnea of prematurity, bronchopulmonary dysplasia 338 

(BPD) and corticosteroids for BPD. 339 

We compared newborns of mothers with and without a COVID-19 diagnosis according 340 

to vaccination status (all women and unvaccinated) and maternal COVID-19 symptoms 341 

(asymptomatic, and related symptoms, moderate symptoms, and severe symptoms). 342 

We evaluated VE against a neonatal laboratory-confirmed COVID-19 diagnosis and 343 

moderate or severe symptomatic COVID-19 or complications (NICU admission or 344 

death). We also used a composite variable of disease severity and neonatal 345 

complications for the VE analyses, which included the presence of COVID-19 severe 346 

symptoms or NICU admission or death. 347 

Statistical analysis 348 

We described baseline characteristics (number and percentage or mean ± standard 349 

deviation (SD)) for non-diagnosed and diagnosed women according to vaccination 350 

status. We used chi-square tests for proportions and t-tests for continuous variables to 351 
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compare maternal baseline characteristics, birth characteristics and perinatal outcomes 352 

between neonates born to non-diagnosed and diagnosed mothers.  353 

We used Poisson regression models with a log link function to calculate relative risks 354 

(RR) and 95% Confidence Intervals (CI) for all analyses. We calculated unadjusted RRs 355 

for test-positive neonates among all neonates and those with diagnosed mothers by 356 

vaccination status with unvaccinated mothers as the reference group. We calculated 357 

RRs and 95% CIs for neonatal outcomes among all neonates born to diagnosed 358 

mothers with those born to non-diagnosed mothers as the reference group. We then 359 

stratified the group of neonates born to diagnosed mothers by maternal vaccination 360 

status (unvaccinated, partially vaccinated, completely vaccinated and booster 361 

vaccinated), again with neonates born to non-diagnosed mothers as the reference 362 

group. We adjusted for the following covariates, representing the maternal risk profile,  363 

that were selected using directed acyclic graphs: maternal age, tobacco use, parity, 364 

history of preterm birth and previous maternal morbidity (including diabetes, thyroid, and 365 

other endocrine disorders; cardiac disease; hypertension; chronic respiratory disease; 366 

kidney disease; or tuberculosis).  367 

VE was defined as the proportionate reduction in COVID-19 diagnoses in neonates 368 

among those born to vaccinated relative to unvaccinated mothers (1-RR; 95% CI). We 369 

evaluated VE, by vaccination status for all vaccines and for mRNA vaccines separately, 370 

against a laboratory-confirmed neonatal COVID-19 diagnosis, and moderate or severe 371 

neonatal outcomes (including neurologic conditions, anemia requiring transfusion, fever, 372 

gastrointestinal issues, infections, antibiotics, respiratory conditions, respiratory support, 373 

intermediate/special care, NICU stay ≥ 7 days and death).  374 
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As the raw data from our non-randomized, observational design increased the risk of 375 

selection bias due to the behavior and risk profile of the women that accepted 376 

vaccination, we evaluated VE adjusting RR (95% CI) for maternal age, overweight 377 

status (body mass index > 25 kg/m2) and pre-existing maternal morbidities. To evaluate 378 

VE over time, we plotted Kaplan-Meier curves with the percentage of neonates 379 

diagnosed with COVID-19 and the time of their mother’s last vaccine dose according to 380 

vaccination status (partial, complete and booster). 381 

In sensitivity analyses, we excluded women diagnosed with COVID-19 before the index 382 

pregnancy and evaluated VE for women with any or moderate COVID-19 symptoms. 383 

We also ran models adjusted for maternal educational level (data available for 86.7% 384 

women), and maternal work outside the home (data available for 92.5% women). In 385 

addition, we conducted sensitivity analyses excluding women who delivered during the 386 

study period but were diagnosed prior to January 1, 2022, since the Omicron variant 387 

became dominant around this date. 388 

Among neonates born to diagnosed mothers, we investigated whether factors during 389 

and after delivery were related to the neonate testing positive by calculating RRs and 390 

95% CIs for test positivity based on these factors. Finally, we calculated RRs and 95% 391 

CIs for neonates testing positive stratified by the number of days between maternal 392 

diagnosis and birth.  393 

Results 394 

Between November 27, 2021 and June 30, 2022, we enrolled 1545 pregnant women  395 

diagnosed with COVID-19 (RT-PCR = 80%, rapid tests = 20%) and 3073 non-396 
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diagnosed women, enrolled concomitantly and consecutively at the same level of care 397 

without a positive test during their pregnancy. The 4618 women gave birth to 4707 398 

neonates (3130/4707 (66.5%) born to non-diagnosed mothers and 1577/4707 (33.5%) 399 

to diagnosed mothers. Amongst the diagnosed group, the mothers of 642/1577 (40.7%)  400 

newborns were not vaccinated, 147/1577 (9.3%) partially vaccinated, 551/1577 (34.9%) 401 

completely vaccinated, and 237/1577 (15.0%) had also had a booster vaccine. The 402 

numbers and percentages of mothers and neonates testing COVID-19 positive by 403 

country are provided in Supplementary Table 1. The percentage of neonates testing 404 

positive varied significantly by country (p<0.001) 405 

Table 1 shows that the maternal and pregnancy characteristics of the non-diagnosed 406 

and diagnosed women were similar. However, amongst the diagnosed women, those 407 

who had received a booster dose (compared to unvaccinated and partially or completely 408 

vaccinated women) were older, less often smokers, had lower rates of gestational 409 

diabetes and premature rupture of membranes, and were less often treated with 410 

prophylactic antenatal corticosteroids.  411 

Neonatal outcomes for mothers diagnosed and not diagnosed with COVID-19     412 

Table 2 shows that the birth characteristics and perinatal outcomes of the neonates of 413 

non-diagnosed and diagnosed mothers were similar. However, the newborns of 414 

diagnosed mothers were more often tested (36.1% vs 3.8%) and more likely to have a 415 

positive test themselves (4.4%) than the tested newborns of non-diagnosed mothers 416 

(0.5%). 417 

Neonatal outcomes for mothers diagnosed with COVID-19 by vaccination status    418 
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Table 2 also presents crude, non-adjusted analyses showing that neonates of booster-419 

vaccinated mothers had the lowest rates of preterm birth, medically-indicated preterm 420 

birth, respiratory distress syndrome and number of days in NICU (compared to those of 421 

unvaccinated and partially or completely vaccinated mothers).  422 

Figure 1 shows the relative risks of being diagnosed with COVID-19 for newborns 423 

whose mothers were vaccinated, compared to those not vaccinated. Neonates of all 424 

mothers who had received a booster dose (compared to unvaccinated mothers) had 425 

less than half (RR=0.46; 95%CI=0.23, 0.91) the risk of a COVID-19 diagnosis; the effect 426 

was even greater for neonates of diagnosed mothers (RR=0.36; 95%CI=0.14, 0.90). 427 

There was a lower, but not statistically significant, risk for neonates whose mothers 428 

were only partially or completely vaccinated (Figure 1 and Supplementary Table 2).   429 

Table 3 presents adjusted relative risks for neonatal outcomes among newborns of 430 

diagnosed mothers, stratified by vaccination status, compared with newborns of non-431 

diagnosed mothers as the reference group. Neonates of booster-vaccinated mothers 432 

were significantly less likely to be born preterm (RR=0.60; 95%CI=0.39, 0.93) and have 433 

a medically-indicated preterm birth (RR=0.46; 95%CI=0.26, 0.84). Neonates of 434 

unvaccinated mothers had a greater risk of infections (RR=1.52; 95%CI=1.16, 1.98), 435 

antibiotic treatment (RR=1.47; 95%CI=1.09, 1.97), respiratory support for > 48 hours 436 

(RR=1.65; 95%CI=1.11, 2.47), and neonatal death (RR=2.06; 95% CI=1.06, 4.00). 437 

Importantly, the risk of congenital malformations was not increased in neonates of 438 

diagnosed mothers, irrespective of their vaccination status. Newborns of completely 439 

vaccinated mothers had a lower risk of malformations (RR=0.46; 95%CI=0.22, 0.94), 440 
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but this was not observed among neonates of booster-vaccinated mothers. There were 441 

no differences in SNMI and SPMNI between the groups analyzed. 442 

VE levels (analyzed by all vaccine types and mRNA vaccines separately) against 443 

neonate test positivity, and against moderate/severe neonatal outcomes, are shown in 444 

Table 4. Although all vaccines combined gave protection, newborns of booster-445 

vaccinated mothers had the significantly highest VE (64%; 95% CI=10-86%); VE was 446 

not as high for mRNA vaccines. VE against moderate/severe neonatal outcomes was 447 

much lower: 13% in the booster-vaccinated group (all vaccines), and 25% and 28% in 448 

the completely and booster-vaccinated groups, respectively (mRNA vaccines).  449 

In Figure 2, VE against neonate test positivity is plotted against the time in days since 450 

the last maternal vaccine dose. The log rank test showed no difference between partial, 451 

complete and booster vaccination groups (p=0.80), with vaccines being fairly effective in 452 

protecting neonates when given 100 days (14 weeks) or less before birth; thereafter the 453 

risk started to increase and was much higher after 200 days (29 weeks). The VE for 454 

mRNA vaccines only over time against neonate test positivity was very similar to that for 455 

all vaccines combined. 456 

The time between maternal diagnosis and delivery was also important: the risk of 457 

neonates testing positive was 2.1 times greater when more than 14 days had elapsed 458 

between maternal diagnosis and delivery (Supplementary Table 3). Finally, Table 5 459 

shows different aspects of neonatal care amongst diagnosed mothers: none of the 460 

practices studied, including skin-to-skin contact and direct breastfeeding, increased the 461 

risk of infecting newborns. Although neonatal care practices differed by the time 462 

between maternal diagnosis and delivery in the expected directions (i.e. more recent 463 
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infections led to more isolation and masking and less skin-to-skin contact), the risk of 464 

COVID-19 infection newborns did not vary significantly in stratified analyses. 465 

In sensitivity analyses, excluding mothers infected with SARS-CoV-2 before the index 466 

pregnancy, or those who delivered during the study period but were diagnosed before  467 

January 1, 2022, did not change the results, nor did adjusting for maternal education 468 

level or maternal work outside the home. Similarly, when we evaluated VE among 469 

mothers with any or moderate COVID-19 symptoms, the results did not change 470 

substantially.  471 

Comment 472 

Principal findings 473 

In the original INTERCOVID Study, we reported an increased risk of maternal morbidity 474 

and mortality, referral to a higher level of care and ICU admission, and perinatal 475 

morbidity and mortality, in COVID-19-diagnosed women with moderate/severe 476 

symptoms during pregnancy compared to non-diagnosed pregnant women.17  477 

Then, in our first report from the INTERCOVID-2022 Study, when the Omicron variant 478 

was predominant, we showed that vaccination was highly effective at protecting 479 

pregnant women from severe COVID-19 symptoms, referral to higher care, ICU 480 

admission and death.2  481 

In this second report from the INTERCOVID-2022 Study, we show that maternal 482 

vaccination protected newborn infants from SARS-CoV-2 infection, with VE reaching 483 

64% in those neonates whose mothers had received a booster dose. However, VE 484 

decreased with time since the last vaccine, being lower when given after 100 days (14 485 
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weeks) before delivery and much lower after 200 days (29 weeks). Therefore, our data 486 

indicate that, to ensure newborns are maximally protected against COVID-19, mothers 487 

should receive a vaccine or booster dose no more than 14 weeks before the expected 488 

date of delivery. It is important to note that, for their full protection, mothers should have 489 

received a COVID-19 vaccine dose before pregnancy, and if this was not the case, they 490 

should be vaccinated early in pregnancy.  491 

Maternal vaccination conferred other important health advantages: newborns of 492 

booster-vaccinated mothers were less likely to be born preterm, develop respiratory 493 

distress syndrome, and spend ≥ 7 days in NICU. Conversely, neonates of unvaccinated 494 

diagnosed mothers had twice the risk of dying compared to those of non-diagnosed 495 

mothers.  496 

Maternal vaccination has previously been associated with decreased risk of preterm 497 

birth15,20, and a retrospective cohort study showed a protective effect of mRNA 498 

vaccination against preterm birth, stillbirth and low birthweight, with booster vaccination 499 

conferring further protection.21 In addition, in line with our findings, a recent study 500 

showed that booster mRNA vaccines during pregnancy elicit a strong antibody 501 

response against the ancestral and Omicron SARS-CoV-2 strains, which were detected 502 

in umbilical cord blood.22  503 

Our results also align with an Israel cohort study, showing that booster vaccination 504 

protects infants from COVID-19-related hospitalizations up to the age of four months, 505 

with vaccine effectiveness of 46%. Administering the third dose closer to delivery 506 

enhanced protection, highlighting the importance of maternal booster vaccinations in 507 

preventing infant COVID-19 hospitalizations in the Delta and Omicron periods.23  508 

Jo
urn

al 
Pre-

pro
of



26 
 

 
 

Another of our findings that may help in setting health policies was that neonates of 509 

diagnosed mothers did not have an increased risk of being infected with practices such 510 

as skin-to-skin contact and direct breastfeeding. Moreover, none of the neonates of 511 

vaccinated mothers had a congenital malformation. 512 

Results in the context of what is known and clinical implications 513 

On May 5, 2023, the World Health Organization (WHO) declared that COVID-19 “no 514 

longer constitutes a public health emergency of international concern”, which may be 515 

contributing to decreasing vaccine uptake, fueled by the action of anti-vaccine groups. 516 

At least in the USA, vaccine hesitancy is higher among pregnant women than in the 517 

general population.24  518 

A meta-analysis of studies conducted in the second half of 2021 found that 38% of 519 

pregnant women had vaccine hesitancy, produced mainly by lack of information about 520 

the vaccine, fear that the vaccine is unsafe, and fear of side-effects.25 A more recent 521 

meta-analysis found that 26% to 57% or pregnant women were hesitant for similar 522 

reasons.26 Our study demonstrates the clear benefits of vaccination for pregnant women 523 

and their infants; hence, public health and medical communities must work to ensure 524 

that pregnant women are properly immunized. 525 

Strengths and limitations 526 

One strong aspect of our study is that it is based on a clear research strategy. Between 527 

November 27, 2021 (immediately after WHO recognized Omicron as a variant of 528 

concern) and June 30, 2022, we compared a large international cohort of pregnant 529 

women diagnosed with COVID-19 with a concomitantly recruited reference group of 530 
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pregnant women without a COVID-19 diagnosis. We utilized the same study sites, 531 

research methodology, and analytical strategy of our previous reports on the effect of 532 

the wild-type virus during pregnancy1,17,27,28 but, as widely recommended, we added 533 

estimates of VE according to the doses and type of vaccine. We believe the degree of 534 

standardization in both periods of data collection makes our results sufficiently robust to 535 

inform patient care, health education and public health programs.  536 

Study limitations include the need to interpret the associations between severe 537 

symptoms of COVID-19 and some results with caution due to the small sample size and 538 

wide confidence intervals.  The profiles of the women who were vaccinated suggests 539 

some selection bias, not due to the study design, but because the eligibility criteria for 540 

being vaccinated changed during the study period. Once the risks of COVID-19 during 541 

pregnancy were recognized, pregnant women were no longer considered a low-risk 542 

group due to their age, and started being vaccinated because they were pregnant. 543 

Consequently, we adjusted the VE analyses for possible confounding factors such as 544 

medical risk profile, overweight/obesity, and maternal age. 545 

We did not collect material for viral genotyping; the association with Omicron was based 546 

instead on the period when this was the variant of concern. Thus, as it is possible that 547 

some other variants could have caused infections in December 2021, we performed 548 

sensitivity analyses, excluding women enrolled before January 1, 2022, and found that 549 

there were no substantial changes to the results. 550 

We could not include sub-Saharan sites in our sample, despite all our best efforts; this 551 

is an important limitation that reduces the external validity of our findings.   552 
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We avoided the use of definitions of COVID-19 clinical severity, because pregnancy is a 553 

unique physiological state and a meta-analysis showed considerable heterogeneity in 554 

how disease severity is reported.29 Instead, we decided to use substantive clinical 555 

events, such as NICU admission. Lastly, we did not collect any further information about 556 

the infants after hospital discharge because of a lack of funding. 557 

Conclusions 558 

We found that immunizing mothers against COVID-19 protects their neonates from 559 

acquiring the disease and booster vaccination decreases their risk of being born 560 

preterm, developing respiratory distress syndrome and staying long periods in NICU. 561 

Unvaccinated mothers have newborn infants that are twice as likely to die in the 562 

neonatal period as those of vaccinated mothers. However, the protective effects of 563 

maternal vaccination diminish with time; hence, pregnant women should receive a 564 

vaccine or booster dose no more than 14 weeks before the expected date of delivery. 565 

Infants of diagnosed mothers who were being directly breastfed or kept in skin-to-skin 566 

contact were not at increased risk of infection, which should influence policy making for 567 

postnatal care. 568 

Acknowledgements 569 

We thank all the contributing institutions and local researchers involved in the study, 570 

their details are listed in the Appendix. 571 

 572 

573 

Jo
urn

al 
Pre-

pro
of



29 
 

 
 

References 574 

 575 

1. Giuliani F, Oros D, Gunier RB, et al. Effects of prenatal exposure to maternal 576 

COVID-19 and perinatal care on neonatal outcome: results from the INTERCOVID 577 

Multinational Cohort Study. Am J Obstet Gynecol. 2022;227(3):488 e481-488 578 

e417. 579 

2. Villar J, Soto Conti CP, Gunier RB, et al. Pregnancy outcomes and vaccine 580 

effectiveness during the period of omicron as the variant of concern, 581 

INTERCOVID-2022: a multinational, observational study. Lancet. 582 

2023;401(10375):447-457. 583 

3. Jamieson DJ, Rasmussen SA. An update on COVID-19 and pregnancy. Am J 584 

Obstet Gynecol. 2022;226(2):177-186. 585 

4. Stock SJ, Moore E, Calvert C, et al. Pregnancy outcomes after SARS-CoV-2 586 

infection in periods dominated by delta and omicron variants in Scotland: a 587 

population-based cohort study. The Lancet Respiratory medicine. 588 

2022;10(12):1129-1136. 589 

5. Liu LL, Lin LH, Lin F, et al. The clinical characteristics of COVID-19 omicron 590 

variant infection in pregnant women and their neonates. Frontiers in medicine. 591 

2023;10:1229794. 592 

6. Kumar D, Verma S, Mysorekar IU. COVID-19 and pregnancy: clinical outcomes; 593 

mechanisms, and vaccine efficacy. Translational research : the journal of 594 

laboratory and clinical medicine. 2023;251:84-95. 595 

7. Rottenstreich M, Rotem R, Wiener-Well Y, Grisaru-Granovsky S, Sela HY. Covid-596 

19 third vaccination during pregnancy: maternal and neonatal outcomes-a 597 

retrospective study. Arch Gynecol Obstet. 2023;308(4):1197-1205. 598 

8. Blakeway H, Prasad S, Kalafat E, et al. COVID-19 vaccination during pregnancy: 599 

coverage and safety. Am J Obstet Gynecol. 2022;226(2):236.e231-236.e214. 600 

9. Male V. SARS-CoV-2 infection and COVID-19 vaccination in pregnancy. Nature 601 

reviews Immunology. 2022;22(5):277-282. 602 

10. Munoz FM, Posavad CM, Richardson BA, et al. COVID-19 booster vaccination 603 

during pregnancy enhances maternal binding and neutralizing antibody responses 604 

and transplacental antibody transfer to the newborn. Vaccine. 2023;41(36):5296-605 

5303. 606 

Jo
urn

al 
Pre-

pro
of



30 
 

 
 

11. Atyeo C, Shook LL, Nziza N, et al. COVID-19 booster dose induces robust 607 

antibody response in pregnant, lactating, and nonpregnant women. Am J Obstet 608 

Gynecol. 2023;228(1):68.e61-68.e12. 609 

12. Goh O, Pang D, Tan J, et al. mRNA SARS-CoV-2 Vaccination Before vs During 610 

Pregnancy and Omicron Infection Among Infants. JAMA network open. 611 

2023;6(11):e2342475. 612 

13. Hui L, Marzan MB, Rolnik DL, et al. Reductions in stillbirths and preterm birth in 613 

COVID-19-vaccinated women: a multicenter cohort study of vaccination uptake 614 

and perinatal outcomes. Am J Obstet Gynecol. 2023;228(5):585.e581-585.e516. 615 

14. Smith ER, Oakley E, Grandner GW, et al. Adverse maternal, fetal, and newborn 616 

outcomes among pregnant women with SARS-CoV-2 infection: an individual 617 

participant data meta-analysis. BMJ Glob Health. 2023;8(1). 618 

15. Rahmati M, Yon DK, Lee SW, et al. Effects of COVID-19 vaccination during 619 

pregnancy on SARS-CoV-2 infection and maternal and neonatal outcomes: A 620 

systematic review and meta-analysis. Rev Med Virol. 2023;33(3):e2434. 621 

16. Carlsen EO, Magnus MC, Oakley L, et al. Association of COVID-19 Vaccination 622 

During Pregnancy With Incidence of SARS-CoV-2 Infection in Infants. JAMA Intern 623 

Med. 2022. 624 

17. Villar J, Ariff S, Gunier RB, et al. Maternal and Neonatal Morbidity and Mortality 625 

Among Pregnant Women With and Without COVID-19 Infection: The 626 

INTERCOVID Multinational Cohort Study. JAMA Pediatr. 2021;175(8):817-826. 627 

18. Papageorghiou AT, Kennedy SH, Salomon LJ, et al. International standards for 628 

early fetal size and pregnancy dating based on ultrasound measurement of crown-629 

rump length in the first trimester of pregnancy. Ultrasound Obstet Gynecol. 630 

2014;44(6):641-648. 631 

19. Villar J, Cheikh Ismail L, Victora CG, et al. International standards for newborn 632 

weight, length, and head circumference by gestational age and sex: the Newborn 633 

Cross-Sectional Study of the INTERGROWTH-21st Project. Lancet. 634 

2014;384(9946):857-868. 635 

20. Zhang D, Huang T, Chen Z, et al. Systematic review and meta-analysis of 636 

neonatal outcomes of COVID-19 vaccination in pregnancy. Pediatric research. 637 

2023;94(1):34-42. 638 

21. Piekos SN, Hwang YM, Roper RT, et al. Effect of COVID-19 vaccination and 639 

booster on maternal-fetal outcomes: a retrospective cohort study. Lancet Digit 640 

Health. 2023;5(9):e594-e606. 641 

22. Munoz FM, Posavad CM, Richardson BA, et al. COVID-19 booster vaccination 642 

during pregnancy enhances maternal binding and neutralizing antibody responses 643 

Jo
urn

al 
Pre-

pro
of



31 
 

 
 

and transplacental antibody transfer to the newborn. Vaccine. 2023;41(36):5296-644 

5303. 645 

23. Lipschuetz M, Guedalia J, Cohen SM, et al. Maternal third dose of BNT162b2 646 

mRNA vaccine and risk of infant COVID-19 hospitalization. Nat Med. 647 

2023;29(5):1155-1163. 648 

24. Yasmin F, Najeeb H, Moeed A, et al. COVID-19 Vaccine Hesitancy in the United 649 

States: A Systematic Review. Front Public Health. 2021;9:770985. 650 

25. Bianchi FP, Stefanizzi P, Di Gioia MC, Brescia N, Lattanzio S, Tafuri S. COVID-19 651 

vaccination hesitancy in pregnant and breastfeeding women and strategies to 652 

increase vaccination compliance: a systematic review and meta-analysis. Expert 653 

Rev Vaccines. 2022;21(10):1443-1454. 654 

26. Gianfredi V, Stefanizzi P, Berti A, et al. A Systematic Review of Population-Based 655 

Studies Assessing Knowledge, Attitudes, Acceptance, and Hesitancy of Pregnant 656 

and Breastfeeding Women towards the COVID-19 Vaccine. Vaccines (Basel). 657 

2023;11(8). 658 

27. Eskenazi B, Rauch S, Iurlaro E, et al. Diabetes mellitus, maternal adiposity, and 659 

insulin-dependent gestational diabetes are associated with COVID-19 in 660 

pregnancy: the INTERCOVID study. Am J Obstet Gynecol. 2022;227(1):74 e71-74 661 

e16. 662 

28. Papageorghiou AT, Deruelle P, Gunier RB, et al. Preeclampsia and COVID-19: 663 

results from the INTERCOVID prospective longitudinal study. Am J Obstet 664 

Gynecol. 2021;225(3):289 e281-289 e217. 665 

29. Guerin PJ, McLean ARD, Rashan S, et al. Definitions matter: Heterogeneity of 666 

COVID-19 disease severity criteria and incomplete reporting compromise meta-667 

analysis. PLOS Glob Public Health. 2022;2(7):e0000561. 668 Jo
urn

al 
Pre-

pro
of



32 
 

 
 

 

Table 1. Maternal and pregnancy characteristics according to COVID-19 diagnosis and vaccination status, the 
INTERCOVID-22 Study. 
 
Characteristicsa Mothers without 

COVID-19 
Diagnosis 
(n=3073) 

Mothers with COVID-19 Diagnosis 

All Diagnosed 
(n=1545) 

Unvaccinated 
(n=631) 

Partially 
Vaccinated 

(n=145) 

Completely 
Vaccinated 

(n=535) 

Booster 
Vaccinated 

(n=233) 

 N (%) N (%) N (%) N (%) N (%) N (%) 

Maternal Age (mean ± SD) 31.5 ± 6.0 31.2 ± 6.0 30.6 ± 6.1 30.1 ± 6.2 31.1 ± 5.7 33.7 ± 5.2 

Maternal smoking 116 (7.6) 177 (5.8) 59 (9.4) 19 (13.1) 36 (6.8) 2 (0.9) 

Previous preterm birth 152 (5.0) 66 (4.3) 28 (4.4) 6 (4.1) 23 (4.3) 9 (3.9) 

Previous low birthweight 185 (6.1) 71 (4.6) 32 (5.1) 10 (6.9) 21 (3.9) 8 (3.4) 

Previous neonatal death 70 (2.3) 41 (2.7) 16 (2.5) 4 (2.8) 17 (3.2) 4 (1.7) 

Prenatal 
multivitamins/minerals 

1619 (52.9) 790 (51.5) 336 (53.9) 65 (44.8) 259 (48.4) 130 (56.0) 

Gestational diabetes 
mellitus 

353 (11.8) 185 (12.3) 80 (13.2) 19 (13.2) 69 (13.2) 17 (7.4) 

Maternal hypertension, 
preeclampsia, or 
eclampsia 

267 (8.9) 139 (9.2) 55 (9.1) 9 (6.3) 54 (10.3) 21 (9.1) 

Premature rupture of 
membranes 

602 (20.2) 281 (18.7) 121 (20.0) 31 (21.7) 96 (18.3) 33 (14.4) 

Prophylactic 
corticosteroids 

229 (7.7) 106 (7.1) 44 (7.3) 12 (8.3) 41 (7.8) 9 (3.9) 

Cesarean delivery 1156 (38.0) 616 (40.4) 254 (40.8) 55 (38.2) 216 (41.0) 91 (39.2) 

Induced labor 758 (25.0) 375 (24.6) 145 (23.4) 30 (21.0) 141 (26.6) 59 (25.4) 
a Missing values ranged from 18 (previous preterm birth) to 138 (premature rupture of membranes).  
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Table 2. Birth characteristics, perinatal outcomes and COVID-19 testing according to maternal COVID-19 diagnosis and 

vaccination status in the INTERCOVID-22 Study. 

Characteristicsa Mother without 
COVID-19 
Diagnosis 
(n=3130) 

Mothers with COVID-19 Diagnosis 

All 
(n=1577) 

Mother 
Unvaccinated  

(n=642) 

Mother 
Partially 

Vaccinated 
(n=147) 

Mother 
Completely 
Vaccinated 

(n=551) 

Mother 
Booster 

Vaccinated 
(n=237) 

Birth characteristics Mean ± SD or 
N(%) 

Mean ± SD 
or N(%) 

Mean ± SD or 
N(%) 

Mean ± SD or 
N(%) 

Mean ± SD 
or N(%) 

Mean ± SD 
or N(%) 

Male sex 1564 (50.4) 779 (49.8) 322 (50.7) 71 (48.6) 267 (48.9) 119 (50.2) 

Birthweight 3135 ± 633 3135 ± 635 3120 ± 656 3101 ± 630 3113 ± 646 3245 ± 541 

Birth length 48.3 ± 6.6 48.2 ± 6.7 48.5 ± 5.8 47.8 ± 6.9 48.5 ± 5.4 47.2 ± 10.6 

Head circumference at birth 33.8 ± 3.5 33.9 ± 3.0 33.9 ± 2.6 33.6 ± 4.5 34.0 ± 2.5 33.9 ± 3.8 

5-minute Apgar score < 7 91 (2.9) 53 (3.4) 29 (4.6) 5 (3.5) 15 (2.8) 4 (1.7) 

Perinatal outcomes       

Fetal Distress 53 (1.7) 32 (2.0) 19 (3.0) 2 (1.4) 8 (1.5) 3 (1.3) 

Meconium aspiration 17 (0.5) 11 (0.7) 4 (0.6) 0 (0.0) 7 (1.3) 0 (0.0) 

Preterm birth 436 (14.0) 234 (14.9) 107 (16.8) 28 (19.2) 80 (14.6) 19 (8.0) 

Medically indicated preterm 
birth 

311 (10.0) 165 (10.5) 75 (11.8) 19 (13.0) 60 (10.9) 11 (4.6) 

Gestational age at delivery 
(mean ± SD) 

38.6 ± 2.7 38.5 ± 2.9 38.5 ± 2.9 38.4 ± 2.7 38.3 ± 3.2 39.1 ± 1.9 

NICU admission 352 (11.3) 196 (12.4) 81 (12.6) 19 (12.9) 69 (12.5) 27 (11.4) 

Days in NICU 14.6 ± 19.3 15.3 ± 21.1 17.0 ± 24.1 17.1 ± 17.4 15.4 ± 21.1 9.3 ± 11.7 

Respiratory distress syndrome 166 (5.3) 81 (5.1) 48 (7.5) 6 (4.1) 24 (4.4) 3 (1.3) 

       

COVID-19 testing       

COVID-19 positive test 17 (0.5) 70 (4.4) 38 (5.9) 5 (3.4) 22 (4.0) 5 (2.1) 

Neonate tested 120 (3.8) 570 (36.1) 270 (42.1) 47 (32.0) 194 (35.2) 59 (24.9) 

COVID-19 positive among 
tested 

17 (14.2) 70 (12.3) 38 (14.1) 5 (10.6) 22 (11.3) 5 (8.5) 

Testing within 24h after birth 44 (1.4) 332 (21.1) 157 (24.5) 25 (17.0) 113 (20.5) 37 (15.6) 

Testing within 48 h after birth 58 (1.9) 495 (31.4) 231 (36.0) 41 (27.9) 170 (30.9) 53 (22.4) 
aMissing values ranged from 20 (gestational age at delivery) to 60 (Apgar score). 
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Table 3. Adjusteda relative risks for neonatal outcomes for newborns of mothers with a COVID-19 diagnosis according to 1 

maternal COVID-19 vaccination status compared to newborns of ‘non-diagnosed’ mothers in the INTERCOVID-22 Study. 2 

Outcome All COVID-19 Diagnosed 
Mothers (n=1544) 

Unvaccinated  
(n=631) 

Partially Vaccinated 
(n=145) 

Completely 
Vaccinated (n=535) 

Booster Vaccinated 
(n=233) 

 N RR (95% CI) N RR (95% CI) N RR (95% CI) N RR (95% CI) N RR (95% CI) 

Preterm birth 234 1.07 (0.92, 1.25) 107 1.20 (0.98, 1.47)# 28 1.40 (0.97, 2.01)# 80 1.05 (0.82, 1.34) 19 0.60 (0.39, 0.93)* 

Medically indicated 
preterm birth 

165 1.08 (0.89, 1.31) 75 1.23 (0.95, 1.58) 19 1.40 (0.87, 2.24) 60 1.11 (0.82, 1.51) 11 0.46 (0.26, 0.84)* 

Congenital 
malformation 

45 0.90 (0.63, 1.28) 24 1.20 (0.76, 1.90) 2 0.43 (0.11, 1.75) 8 0.46 (0.22, 0.94)* 11 1.36 (0.74, 2.50) 

Neurological 
conditions 

21 1.57 (0.88, 2.80) 6 1.12 (0.46, 2.73) 5 3.98 (1.49, 10.66)* 8 1.72 (0.78, 3.77) 2 0.98 (0.24, 4.10) 

Anemia requiring 
transfusion 

15 1.97 (0.97, 4.04)# 6 2.02 (0.77, 5.31) 2 2.98 (0.70, 12.72) 5 1.83 (0.66, 5.03) 2 1.66 (0.39, 7.02) 

Fever 7 1.96 (0.66, 5.82) 4 2.90 (0.79, 10.69) 1 3.19 (0.40, 25.22) 2 1.50 (0.30, 7.60) 0 NA 

Gastrointestinal 
conditions 

11 1.02 (0.49, 2.12) 3 0.69 (0.20, 2.38) 1 0.97 (0.13, 7.37) 5 1.33 (0.51, 3.43) 2 1.23 (0.29, 5.24) 

Infections 155 1.39 (1.14, 1.70)* 68 1.52 (1.16, 1.98)* 13 1.27 (0.74, 2.18) 54 1.39 (1.03, 1.87)* 20 1.15 (0.74, 1.78) 

Antibiotics 130 1.37 (1.09, 1.70)* 56 1.47 (1.09, 1.97)* 12 1.34 (0.76, 2.36) 45 1.35 (0.97, 1.87)# 17 1.16 (0.72, 1.86) 

Respiratory 
conditions 

144 1.09 (0.89, 1.33) 68 1.28 (0.98, 1.66)# 13 1.09 (0.64, 1.87) 49 1.07 (0.78, 1.45) 14 0.67 (0.40, 1.13) 

Respiratory support 
≤ 48h 

71 0.86 (0.65, 1.14) 32 0.96 (0.65, 1.41) 5 0.68 (0.28, 1.64) 26 0.93 (0.61, 1.41) 8 0.60 (0.30, 1.21) 

Respiratory support 
> 48h 

59 1.26 (0.91, 1.74) 31 1.65 (1.11, 2.47)* 8 1.90 (0.94, 3.84)# 18 1.08 (0.64, 1.82) 2 0.28 (0.07, 1.12)# 

Intermediate/special 
care 

97 1.07 (0.83, 1.38) 44 1.25 (0.89, 1.75) 80 1.00 (0.50, 1.97) 33 0.99 (0.68, 1.46) 12 0.87 (0.49, 1.55) 

NICU ≥ 7 days 111 1.24 (0.97, 1.58)# 48 1.32 (0.95, 1.83)# 13 1.61 (0.95, 2.73)# 35 1.13 (0.76, 1.68) 15 1.08 (0.65, 1.80) 

Death 21 1.35 (0.76, 2.39) 13 2.06 (1.06, 4.00)* 2 1.38 (0.32, 5.97) 5 0.92 (0.36, 2.37) 1 0.43 (0.06, 3.16) 

SNMI 52 1.25 (0.88, 1.76) 16 0.96 (0.56, 1.64) 10 2.56 (1.35, 4.85)* 19 1.29 (0.79, 2.12) 7 1.08 (0.51, 2.32) 

SPMMI 150 1.22 (1.00, 1.50)# 65 1.30 (0.99, 1.71)# 16 1.43 (0.89, 2.29) 48 1.12 (0.81, 1.55)_ 21 1.12 (0.73, 1.71) 
a Models adjusted for maternal age, previous morbidity, smoking, previous birth and history of preterm birth. Reference group is non-3 
diagnosed mothers (n=3130). 4 
*p<0.05; #p<0.1   NICU= Neonatal Intensive Care Unit 5 

6 

Jo
urn

al 
Pre-

pro
of



35 
 

 
 

Table 4. Vaccine effectivenessa (%) for neonatal COVID-19 diagnosis, and moderate/severe neonatal outcomes among 7 

all neonates born to diagnosed mothers according to maternal vaccination status in the INTERCOVID-22 Study. 8 

Vaccination Status Vaccine effectiveness 
against COVID-19 positivity 

in neonates 

Vaccine effectiveness against 
moderate/severe neonatal  

outcomesb 

 N VE (95% CI) N VE (95% CI) 

All neonates/vaccines     

  Unvaccinated 642 0 (ref) 119 0 (ref) 

  Partially vaccinated 147 43% (0-77) 25 4% (0-36) 

  Completely vaccinated 551 34% (0-60) 94 7% (0-28) 

  Booster vaccinated 237 64% (10-86)* 37 13% (0-38) 

mRNA vaccines     

  Unvaccinated 642 0 (ref) 119 0 (ref) 

  Partially vaccinated 84 61% (0-90) 14 7% (0-44) 

  Completely vaccinated 358 8% (0-47) 50 25% (0-46) 

  Booster vaccinated 156 41% (0-77) 20 28% (0-54) 
a Models adjusted for maternal age at birth, maternal pre-existing morbidities and maternal overweight status. 9 
b Moderate/severe neonatal outcomes include neurologic conditions, anemia requiring transfusion, fever, gastrointestinal issues, 10 
infections, antibiotics, respiratory conditions, respiratory support, intermediate/special care, NICU ≥7 days and death. 11 
 12 

 13 
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Table 5. Characteristics of neonatal care among newborns that tested negative and positive for COVID-19 born to 15 

diagnosed mothers in the INTERCOVID-22 Study. 16 

 17 

 Mother with COVID-19 Diagnosis 

Characteristic Total N 

Neonate COVID-
19 negative 

Neonate COVID-
19 positive Relative Risk 

(95% CI) N n (%) N n (%) 

Immediate skin-to skin contact 527 461 321 (69.6) 66 39 (59.1) 0.67 (0.42, 1.07) 

Newborn isolated from mother 526 461 131 (28.4) 65 20 (30.8) 1.10 (0.67, 1.81) 

Mother wore a mask 516 451 340 (75.4) 65 46 (70.8) 0.82 (0.49, 1.35) 

Mother washed hands before touching newborn 522 457 398 (87.1) 65 56 (86.2) 0.93 (0.48, 1.80) 

Hospital policy of staff wearing mask and gloves 525 459 435 (94.8) 66 64 (97.0) 1.67 (0.43, 6.45) 

Relatives with COVID-19 516 451 57 (12.6) 65 12 (18.5) 1.47 (0.82, 2.62) 

Direct breastfeeding 570 500 420 (84.0) 70 56 (80.0) 0.79 (0.45, 1.40) 

Breast milk, no breastfeeding 498 435 26 (6.0) 63 4 (6.4) 1.06 (0.41, 2.72) 

Oral feeding, no breast milk 498 435 33 (7.6) 63 8 (12.7) 1.62 (0.78, 3.37) 

 18 

 19 

 20 
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Supplementary Table 1. Mothers and neonates testing COVID-19 positive by country in the INTERCOVID-22 Study. 22 

Country Enrolled Mothers COVID-19 Positive 
N (%) 

Neonates COVID-19 Positivea 

N (%) 

Argentina 224 (14.5) 0 (0.0) 

Brazil 24 (1.6) 0 (0.0) 

France 101 (6.5) 2 (2.0) 

Indonesia 15 (1.0) 1 (6.7) 

Israel 15 (1.0) 0 (0.0) 

Italy 375 (24.3) 17 (4.4) 

Japan 17 (1.1) 0 (0.0) 

Macedonia 4 (0.3) 0 (0.0) 

Mexico 53 (3.4) 12 (22.2) 

Middle East 29 (1.9) 0 (0.0) 

Nigeria 4 (0.3) 0 (0.0) 

Pakistan 81 (5.2) 0 (0.0) 

Spain 117 (7.6) 19 (16.0) 

Switzerland 61 (4.0) 3 (4.8) 

Turkey 72 (4.7) 3 (4.0) 

UK 152 (9.8) 2 (1.3) 

USA 151 (9.8) 4 (2.6) 

Uruguay 50 (3.2) 7 (13.5) 

Total 1545 (100.0) 70 (4.4) 
a Percentage is of all neonates (n=1577). The percentage of COVID-19 positive infants varied significantly by country (p<0.001).  23 Jo
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Supplementary Table 2. Relative risk of COVID-19 diagnosis in newborns according to maternal vaccination status and 24 

COVID-19 diagnosis in the INTERCOVID-22 Study. 25 

 26 

Vaccination Status  
of Mother 

All neonates Neonates with COVID-19 diagnosed mother 

N COVID-19 
Positive  
N (%) 

COVID-19 
Positive  

RR (95% CI) 

N COVID-19 
Positive  
N (%) 

COVID-19 Positive  
RR (95% CI 

All 4707 87 (1.9) NA 1577 70 (4.4) NA 

Unvaccinated 1761 43 (2.4) Ref. 642 38 (5.9) Ref. 

Partially Vaccinated 417 7 (1.7) 0.69 (0.31, 1.52) 147 5 (3.4) 0.57 (0.23, 1.44) 

Completely Vaccinated 1632 27 (1.7) 0.68 (0.41, 1.11) 551 22 (4.0) 0.67 (0.40, 1.14) 

Booster Vaccinated 897 10 (1.1) 0.46 (0.23, 0.91)* 237 5 (2.1) 0.36 (0.14, 0.90)* 

RR= relative risk; *p<0.05. 27 
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Supplementary Table 3. Relative risks and 95% Confidence Intervals for neonates testing COVID-19 positive stratified 29 

by time between maternal COVID-19 diagnosis and delivery in the INTERCOVID-22 Study. 30 

 31 

Days between maternal COVID-19 
diagnosis and delivery 

Relative Risk (95% CI) p-value 

> 1 day 0.84 (0.54, 1.31) 0.44 

> 3 days 0.82 (0.50, 1.35) 0.43 

> 7 days 1.36 (0.79, 2.33) 0.27 

> 10 days 1.60 (0.89, 2.88) 0.12 

> 14 days 2.13 (1.17, 3.86) 0.01 

 32 

 33 
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Figure legends 34 

 35 

Figure 1. COVID-19 diagnosis in neonates according to maternal vaccination status 36 

and COVID-19 diagnosis in the INTERCOVID-22 Study. 37 

 38 

Figure 2. Vaccine effectiveness against neonatal COVID-19 positive test according to 39 

partial, complete and booster doses for newborns of mothers diagnosed with COVID-19 40 

in the INTERCOVID-22 Study. 41 

 42 

 43 
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Appendix: Contributors and Members of the International Study on the Effects of Covid-19 in pregnancy on 

maternal and newborn outcomes (The INTERCOVID-2022 Study)  

 

Members of the International Study on the Effects of Covid-19 2022 in pregnancy on maternal and newborn 

outcomes in the INTERGROWTH-21st global network (The INTERCOVID-2022 Study) and its Committees.  

 

Coordinating Unit: Jose Villar, Aris Papageorghiou, Adele Winsey, Rachel Craik, Stephen Kennedy, Jimena Villar 

de Onis.  

 

Data Management Group: Robert Gunier, Stephen Rauch, Rachel Craik, Gabriel Rodriguez and Adele Winsey.  

 

Participating institutions and Investigators  

Argentina, Buenos Aires Clinica Otamendi: Carmen Vecciarelli (Principal Investigator), Gabriela Lee, Cristina 

Osio, Hernan Jensen.  

Argentina, Buenos Aires Hospital Materno Infantil Ramón Sarda: Ricardo Nieto and Constanza Soto Conti (co-

Principal Investigators), Analia Eugenia Franco Sycz, Marta Isabel Lopez, Maria Laura Samaniego, Marcela Liliah 

Ortiz de Zarate, Marcela Edith Dericco. 

Argentina, Buenos Aires Hospital Universitario Austral: Carola Capelli and Milagros Risso (co-Principal 

Investigators), Maria Josefina Bran.  

Argentina, Buenos Aires, Hospital Nacional Profesor Alejandro Posadas: Roberto Antonio Casale (Principal 

Investigator), Silvia García, Grethelm Ferrufino, Alberto Ferreiros, Lucio Ribola, Alida Gaitan, Mónica Trasmonte, 

Aragon, Silvana Varela. 

Argentina, Buenos Aires, Hospital Italiano de Buenos Aires: Carolina Giudice (Principal Investigator), Daniel 

Anriquez, Maria Paola Carrascal, Carolina Cribioli, Marina Fernandez, Gonzalo Mariani, Lucas Otaño. 

Argentina, Buenos Aires, Clínica y Maternidad Suizo Argentina: Guadalupe Albornoz Crespo (Principal 

Investigator), Ana Pedraza, Gastón Pablo Pérez, Mariana Sorgetti. 

Argentina, Chaco, Resistencia, Hospital Julio C. Perrando: Daniela Mercedes Cáceres (Principal Investigator), 

Lorena Canteros, María Inés Acosta. 

Argentina, Córdoba, Felipe Lucini Provincial Maternal Hospital: Valeria Hernández (Principal Investigator), 

Daniela Vexenat, Giusti Graciela. 

Brazil, São Luis, Hospital Universitário da Universidade Federal do Maranhão: Marynéa Silva do Vale 

(Principal Investigator), Ana Claudia Garcia Marques, Patricia Franco Marques, Silvia Helena Sousa, Gabriella 

Martins. 

Egypt, Obstetrics and Gynecology Specialized Hospital in Port Said: Ehab Zakaria Mohamed Elbayoumy and 

Leila Cheikh Ismail (co-Principal Investigators), Yassmin Abdo Salem, Ahmed  Mohamed Awad, Shaima Tariq 

Saleh. 

France, Bordeaux, Bordeaux University Hospital: Loïc Sentilhes (Principal Investigator), Amaury Brot, Melissa 

Charvet, Clémence Houssin.  
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France, Paris, AP-HP, Hôpital Universitaire Necker-Enfants Malades: Laurent J Salomon (Principal 

Investigator), Ali Ghanchi, Laurence Bussières. 

France, Strasbourg, Hôpitaux Universitaires de Strasbourg: Philippe Deruelle (Principal Investigator), Margot 

Rinn, Apolline Colinet, Manon Dell, Meredith Vogel, Nicolas Cuenot, Virginie Bund, Anne-Laure Goetz.  

Indonesia, Surabaya, Medical Faculty Universitas Airlangga - Dr. Soetomo General Academic Hospital: 

Ernawati Ernawati (Principal Investigator), Hendy Hendarto, Erry Gumilar.  

Israel, Jerusalem, Hadassah Hebrew University Medical Center: Michal Lipschuetz (Principal Investigator). 

Italy, Brescia, Spedali Civili and University of Brescia: Federico Prefumo (Principal Investigator), Rossella 

Monaci, Chiara Ventriglia.  

Italy, Milan, Fondazione IRCCS Cà Granda Ospedale Maggiore Policlinico: Camilla Menis (Principal 

Investigator), Paola Roggero, Enrico Ferrazzi, Michela Perrone, Ilma Floriana Carbone.  

Italy, Milan, Ospedale Luigi Sacco: Valeria Savasi (Principal Investigator), Francesca Rana, Chiara Scaccabarozzi, 

Elena Mondin, Gaetano Rosito.  

Italy, Milan, IRCCS San Raffaele Scientific Institute and Vita-Salute San Raffaele University: Paolo Ivo 

Cavoretto (Principal Investigator), Massimo Candiani, Mirko Pozzoni, Margherita Papale, Caterina Poziello, Clara 

Borgese, Antonella Forte, Francesca Ghisleri, Arianna Pizzetti, Clelia Sammaria.  

Italy Milan, Ospedale Vittore Buzzi: Stefania Livio (Principal Investigator), Irene Cetin, Chiara Tasca.  

Italy, Turin, Ospedale Infantile Regina Margherita-Sant'Anna, Città della Salute e della Scienza di Torino: 

Manuela Oberto, Francesca Giuliani and Sonia Deantoni (co-Principal Investigators) Cristian Ramolo Macchione, 

Alessia Spadavecchia. 

Japan, Tokyo, The Jikei University School of Medicine: Ken Takahashi (Principal Investigator).  

Japan, Tokyo, Keio University School of Medicine: Mamoru Tanaka (Principal Investigator), Satoru Ikenoue, 

Daigo Ochiai, Yoshifumi Kasuga. 

North Macedonia, Prilep, General Hospital Borka Taleski: Gabriela Tavchioska (Principal Investigator).  

Mexico, Mexico City, Instituto Nacional de Perinatología Isidro Espinosa de los Reyes: Maria Jose Rodriguez-

Sibaja (Principal Investigator), Jorge Arturo Cardona-Perez, Sandra Acevedo-Gallegos, Irma Alejandra Coronado-

Zarco, Brenda Frías Madrid, Arturo Alejandro Canul Euan.  

Nigeria, Gombe, Federal Teaching Hospital Gombe: Babagana Bako (Principal Investigator), Yahaya Musa 

Suleiman.  

Nigeria, Ibadan, University College Hospital: Adejumoke Idowu Ayede (Principal Investigator), Yetunde John-

Akinola, Ologunore Fisayo. 

Pakistan, Karachi, The Aga Khan University Hospital: Shabina Ariff (Principal Investigator), Ghulam Zainab, 

Lumaan Shaikh, Khushboo Q. Ali, Almas Aamir.  

Spain, Barcelona, Hospital Universitari Vall d’Hebron: Nerea Maiz (Principal Investigator), Berta Serrano, 

Mireia Armengol, Lidia Barberán, Judit Gil.  

Spain, Zaragoza, Hospital Clínico Universitario Lozano Blesa Zaragoza: Marta Fabre (Principal Investigator), 

Marta Bondia, Pilar Calvo, Sara Ruiz-Martinez, Maria Peran, Daniel Oros, Cristina Paules.  

Switzerland, Geneva, Hôpitaux Universitaires de Genève: Begoña Martinez de Tejada Weber (Principal 

Investigator), Anne Caroline Benski, Antonia Chilling, Véronique Othenin-Girard, Sonia Campelo, Dominique 

Delecraz, Léane Cornut, Délia Phan, Céline Da Silva. 
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Turkey, Istanbul, Koç University Hospital: Niyaz Tug (Principal Investigator), Erkan Kalafat, Pinar Birol. 

UK, London, St George's University Hospitals NHS Foundation Trust: Aris T Papageorghiou (Principal 

Investigator), Emily Marler, Ijeoma Imuzeze, Jennifer Norville, Hafiza Koroma, Alice Perry.  

UK, London, University College Hospitals NHS Foundation Trust: Raffaele Napolitano (Principal Investigator), 

Adela Ostrovksa, Sara West, Miriam Bourke, Adele Powell, Morenike Folorunsho.  

UK, Oxford, Oxford University Hospitals NHS Foundation Trust: Jose Villar, Stephen Kennedy, Serena 

Gandino (co-Principal Investigators), Gabriel Rodriguez, Gavin Collett, Tabitha Wishlade, Ginny Mounce, Beatrice 

Reyes, Angelika Capp, Jude Mossop, Eleni Fotaki, Mara Lone, Dorota Pietrzak, Fenella Roseman, Lotoyah Carty, 

Alex Fry, Amy Archer, Kate Dixon, Sarah Collins, Debbie Clarke.  

Uruguay, Montevideo, Centro Hospitalario Pereira Rossell: Helena Sobrero (Principal Investigator), Alvaro 

Dendi, Constanza Fabeiro, Sofia Faliveni. 

USA, Boston, MA, Brigham and Women's Hospital: Sarah Rae Easter (Principal Investigator), Katherine 

Chandler.  

USA, Boston, MA, Tufts Medical Center: Ashley Peterson (Principal Investigator), Mohak Mhatre.  

USA, Chicago, IL, AMITA Health Resurrection Medical Center: Teresa Hubka and Naveed Anwar (Co-

Principal Investigators).  

USA, Huntley, IL, Northwestern Medicine Huntley Hospital: Jagjit Singh Teji (Principal Investigator), Kim L. 

Armour. 

USA, Seattle, WA, University of Washington: Michael G Gravett (Principal Investigator), Alisa Kachikis 
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