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Abstract: The COVID-19 pandemic period, from 2020 - 2022 had a significant impact on maternal infant health 

with mothers impacted more than their infants. We questioned whether there have been any lingering effects 

from the pandemic. We examined intermediate and long-term pandemic effects of maternal and neonatal 

outcomes before, during and after the COVID-19 pandemic period.  We reviewed mother-infant pairs from 

three epochs: 1) the pre-COVID-19 period, 2) the COVID-19 pandemic period, and 3) the post-pandemic period. 

The Case Mix Index (CMI) for the neonates from all 3 epochs were detailed. Post-pandemic we noted a rising 

trend of LGA infants (10%), and an increase in SGA infants (13%). For women in 2023 we noted an increase in 

hypertension, preeclampsia, diabetes, and a higher BMI than the pre- pandemic period. There have also been 

more congenital anomalies (9%), and neonatal CMI increased in the post-pandemic period. Well after the 

pandemic period, maternal-infant health continues to be affected. For women, increase in hypertension and 

diabetes during pregnancy is concerning. For the infants, being LGA or SGA may have long-term 

consequences. The post-pandemic increase in infants with congenital anomalies compared to the pre-pandemic 

era is an area that needs ongoing review. 
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1. Introduction 

The COVID-19 pandemic undoubtedly had great impact on the lives and health of many 

individuals worldwide, some of which we are only beginning to discover and understand. This was 

particularly true as it pertained to pregnant mothers diagnosed with the virus and the effects that 

this may have had on their fetuses. Evidence in professional journals worldwide indicated that 

COVID-19 infection during pregnancy was associated with adverse pregnancy outcomes, especially 

among pregnant persons with infection acquired at early gestational ages, with a need for oxygen 

therapy, and with more symptomatic presentation [1].  Both higher and lower rates of preterm birth 

(earlier than 37 week gestation) have been reported across the literature, in addition to higher rates 

of preeclampsia, cesarean deliveries, and stillbirth [2,3,4,5,6]. Studies also suggested that maternal 

COVID-19 infection was associated with neonatal morbidities such as hyperbilirubinemia and 

respiratory distress syndrome and other neonatal respiratory disorders [5].  

Our hospital, an Appalachian tertiary care center in Northeast West Virginia, did not admit it’s 

first pregnant mother with known COVID-19 infection until mid-September 2020, several months 
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after some other areas of the country and well after stay-at-home orders were issued in March 2020. 

During the height of the pandemic period (2020-2022), 8.2% of the mothers who delivered at our 

institution had been infected by the COVID-19 virus. For the infants the most striking finding was an 

increase in large for gestation (LGA) infants to 13% and decrease in small for gestation (SGA) infants 

to 3% [7]. 

As we moved past the pandemic period, we questioned whether there have been any lingering 

effects from the pandemic in terms of newborn and maternal health.  

2. Materials and Methods 

After IRB approval, we conducted a chart review of infants and their mothers from 3 epochs. 

Mother-infant pairs delivered prior to the pandemic between May-July 2018 and April-June 2019 

(n=300 infants from 284 mothers) were reviewed. We examined the maternal-infant pairs with births 

during the height of the COVID-19 pandemic between November 14, 2020, and April 30, 2022. 

Mother-infant pairs from COVID-19 pandemic period were divided into two groups: infants born to 

mothers with COVID-19 infection during pregnancy (n=305 infants from 298 mothers), and infants 

born to mothers without infection (n = 300 infants from 288 mothers). Finally, we reviewed mother-

infant pairs from 2023, post-pandemic period (n = 300 infants from 289 mothers). 

We used Cogito SlicerDicer, which is a self-service reporting tool with the Epic-electronic 

medical record system (Epic Systems, Verona, WI). Using this tool, we were able to identify the total 

number of babies born and import the infants to appropriate data spreadsheets. We had access to key 

criteria such as ICD-10 codes to filter maternal and infant co-morbidities and characteristics.  

Infant delivery history, postnatal treatment during the infant hospitalization, and short-term 

health outcomes were extracted. For all infants, the Case Mix index (CMI) derived from a 

modification of Medical Severity Diagnosis Related Group (MS-DRG) weights which we refer as a 

Research-DRG (Table 1). 

 

MS-DRG weights, rounded to a single decimal place, that was determined by the United States’ 

Center for Medicare Services in 2023 [8] were used for all epochs. Differing from MS-DRG weights & 

hospital CMI assignment the weight of Research-DRG 789, a weight of 1.8 was added to the assigned 

Research-DRG weight for any babies that died. The Research-DRG weight for every infant reviewed 

was assigned by a single investigator (MJP) using the criteria developed by Joya et.al. [9]  

For all mothers several maternal comorbidities were extracted including age, survival, presence 

of all hypertension (gestational and chronic hypertension, preeclampsia and HELLP  syndrome), 

diabetes (gestational, type 1, and type 2), body mass index (BMI), tobacco, drug use, and hepatitis C 

infection. For the second and third epochs we also extracted the presence of COVID-19 infection, 

whether symptoms were noted as well as any COVID-19 related treatment provided. For Mothers 

delivering after April 15, 2022, (date that vaccine made available for low risk adults) we documented 

COVID-19 vaccination status. 

A total of 1205 infants born to 1159 mothers at our institution during the three epochs. (four 

groups)  This number of infants provided more than enough subjects to reach 80% power to detect 
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a medium effect size among groups based on group at the p = 0.05 significance level. Descriptive 

analyses were conducted to characterize the four cohorts detailed in Tables 2 and 3, and to explore 

the normative distribution of all information collected.  Differences in infant and maternal outcomes 

and comorbidities were examined using one way ANOVA for multiple comparisons. Statistical 

significance was established at the p<0.05 level. SPSS version 28.0 was used to complete the analyses.  

3. Results 

Infant, and maternal findings for all epochs are detailed in Tables 2 and 3. 
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Prior to the pandemic our sample of 300 infants showed characteristic typical of babies born at 

a tertiary academic delivery service. The C-section rate was 37% which was higher than the West 

Virginia state average of 34% [10]. Though we did not delineate primary versus repeat C-sections. 

29% of babies born required NICU admission which is higher that national average of 9-13% [11], 

though likely similar to other tertiary NICUs associated with a high-risk delivery service. The 

percentage of babies born LGA and SGA was similar to regional averages at 7 to 8% [7]. Congenital 

anomalies ranged from congenital small head, hypospadias, low grade hydronephrosis to complex 

congenital heart disease. Remaining finding are consistent with findings from tertiary delivery 

service.  

Reviewing all epochs, NICU admission rate, hypoglycemia, and RDS [ICD-10 = P22.0] was 

consistent across all epochs. Maternal opiate use with resulting neonatal opiate withdrawal 

syndrome (NOWS) is a chronic problem in Appalachia, though our rate of 2 to 3% is lower than that 

in other parts of our state of West Virginia which has been noted to be 5% [12]. Foster care of 3-5% is 

much higher than that noted in the US [13].  

During the pandemic period, whether or not mothers were infected, the infants seemed little 

affected in terms of acute medical comorbidities. Significant changes were most apparent in infants 

born to mother who were free from COVID-19 infections during pregnancy. We noted a significant 

increase in instrumented vaginal deliveries. Of more importance, the percentage of LGA infants 

significantly increased (6% to 13%), and the percentage of SGA infants significantly decreased (7% to 

4%). Curiously, we saw fewer preterm infants born to both groups of pandemic period mothers. This 

is similar to the reduction in preterm births noted globally [14]. The percentage of infants with any 

congenital anomalies was significantly lower in babies born to non-infected mothers during the 

pandemic, which we cannot easily explain.  

During 2023, representing the post pandemic period, preterm births have increased modestly. 

Instrumented vaginal deliveries have returned to pre-pandemic rates (1%). The most important 
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changes are a continued increase in the percentages of both SGA (13%) and LGA infants (10%). The 

percentage of LGA births remained higher than pre-pandemic at 10%. Strikingly the percentage of 

SGA infants increased to 13% from 4% during the pandemic. 

Congenital anomalies ranged from sacral dimples to lethal, complex congenital heart disease  

(Figure 1). 

 

Figure 1. Congenital Anomalies Detected in Newborns Before, During and After the COVID-19 

Pandemic. CHD – Congenital Heart Disease. CNS – Central Nervous System defects. GU – Genital 

Urinary defects. Skeletal – Spine and long bone anomalies. CL/P – Cleft lip and Palate. GI – 

Gastrointestinal anomalies, defects. Other – Nonspecific anomalies and defects not otherwise 

classified. Genetic – specific chromosomal anomalies or syndromes. 

The percentage of infants with any congenital anomalies was between 3 and 8% across all epochs 

and groups. We separately noted incidence of congenital small head (head circumference less than 

3rd percentile for gestational age). Across all epochs this remained stable at 1%. The percentage of 

infants with any congenital anomalies was significantly higher in babies born to infected mothers 

during the pandemic.  Congenital heart disease, anomalies of the central nervous system and 

genitourinary anomalies were the most frequently observed differences in infants across all 

epochs.  The incidence of all congenital anomalies is not significantly different post-pandemic from 

those observed in the pre-pandemic period. 

The Case Mix Index (CMI) for each epoch compared to the spectrum of CMI for infants is 

detailed in Figure 2 with a breakdown of the research-DRGs and weights noted in Table 4.  
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Figure 2. Case Mix Index (CMI) chart comparing the spectrum of neonatal care for newborns 

delivered at a high risk, academic medical center, ranging from a normal newborn 100% survival 

(Research-DRG weight = 0.2) to 22 week preterm, 30-35% survival (Research-DRG weight = 7.1) noted 

in gray. Chart adapted from previous work by Joya et al (8). In black are average CMI for infants born 

at the same institution from the 4 epochs. * indicates significant difference (p<0.05) comparing CMI 

from infants born to mothers who had COVID-19 infection during pregnancy with infants born in the 

post-pandemic period, 2023. 
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The CMI in the post pandemic period was significantly higher that CMI from the pandemic 

period. This is likely related to significantly more late preterm, and term infants needing respiratory 

support (NCPAP, and/or ventilator support), and more term infants with at least one significant 

problem (infants affected by maternal conditions, medications, or congenital anomalies). Along with 

this, we noted a significant decrease in normal term infants and a trend to fewer preterm infants 

without major problems. 

The Appalachian region of the United States, and especially the state of West Virginia have 

consistently ranked low for key health indicators for adults, for substance use, and drug overdose 

deaths. This is certainly evident in the maternal data from all epochs. The average BMI ranged from 

33.3 to 34.8 kg/m2, with 61 to 70% of these women delivering with BMI greater than 30 kg/m2. During 

the pre-pandemic period, the percentage of diabetes, and maternal hypertension were higher to that 

noted in the country as a whole [16,17]. Across all epochs, tobacco use was twice that of the rest of 

the country [18]. Illicit substance use (opiates, cannabis, cocaine, and methamphetamine) was similar 

to that noted throughout the USA [19].  

During the COVID-19 pandemic period, 288 women who had been diagnosed with COVID-19 

during their pregnancies delivered babies at our institution, representing 8.2% of deliveries 

(305/3701). Overall, 59% of the women had symptoms ranging from mild cold-like nasal congestion 

to cardiorespiratory failure with 5 women needing ECMO support and two of the women dying. 

Their diagnosis was made 57 ± 46 days prior to delivery and 39% of their infants required NICU care. 

For mothers who were asymptomatic, their diagnosis was made 30 ± 57 days prior to delivery, with 

8% of these asymptomatic women diagnosed upon admission to the labor and delivery service. Only 

16% of the infants born to these mothers required NICU care. During this pandemic period, for 

mothers infected with the COVID-19 virus, the percentage presenting with hypertension showed a 

trend toward an increase while all types of diabetes increased significantly 

During 2023, (post-pandemic period) the most striking changes have been a significant increase 

in hypertension (including preeclampsia and HELLP syndrome) and a trend toward more mothers 

with diabetes. Also, perinatal COVID-19 infections continued to occur at a rate of approximately 4% 

of the women though the degree of illness is subjectively less than during the pandemic period. 

Maternal utilization of COVID-19 vaccines was 43%, which was similar to pregnant women 

throughout the country though lower than the population as a whole which is close to 78% [20]. 

4. Discussion 

Pandemic babies are different!  This phenomenon was noted by parents during the pandemic 

period and shared through the TikTok social media application with multiple videos.  One of the 

TikTok user loudly exclaimed, “THESE BABIES ARE WARRIORS, I’M TALKIN’ SPARTACUS!” [21]. 

Our data shows that infants are generally resilient, with increase in LGA infants and decrease in SGA 

infants being the major finding along with a trend toward more congenital anomalies. Being large or 

small for gestational age may have long-term consequences. Barker hypothesized that SGA infants 

have a high incidence of coronary heart disease, diabetes mellitus, hyperinsulinemia, and 

hypercholesterolemia as an adult [22]. LGA infants are at an increased risk of becoming overweight 

and obese later in life compared to their normal-weight counterparts. Infants born greater than 4,000 

g have a 50% increased risk of becoming overweight later in life. LGA infants born greater the 4500g 

have a 19% increase in risk of developing type 2 diabetes mellitus as an adult compared to those with 

birth weights between 4,000 and 4,500 grams [22]. 

NICU admission rate ranged from 23% to 30% which is consistent with a high risk delivery 

service, as are the percentages of RDS [ICD-10: P22.0] between 7 and 11% as well as the overall 

percentage of infants born prior to 37 weeks at 19-28% compared to national average of 12%.  The 

rates of neonatal hypoglycemia from our institution ranged from 16 to 21% which is higher than that 

noted for US infants, reported as 5 to 15% [23]. NOWS ranged for 2 to 5% with national average of 

1.2% of Medicaid eligible infants. [19]. The need for foster care 3-5% is the highest in the country, 

compared to 1.3% nationally [13, 24]. 
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Early in the pandemic there was concern regarding the possibility of teratogenic effects of the 

mRNA vaccine on the developing fetus during critical windows of organogenesis. Several authors 

have explored this possibility found no composite increase in anomalies in infants born to mothers 

who received the vaccine during the first trimester versus those who did not [25, 26,27].  Additional 

reports about vaccine safety during the teratogenic window of gestation only considered congenital 

anomalies detected via ultrasonography rather than neonatal outcomes [28] allowing the possibility 

that more subtle anomalies not identified on ultrasound could have been missed.  In our cohort 

during the period considered to be the COVID-19 pandemic (from September 2020 to April 2022), 

significantly fewer infants were born with congenital anomalies to non-COVID-19 infected 

mothers.  Vaccination status was not considered in this cohort, but rather true COVID-19 

infection.  The etiology for this phenomenon of increased congenital anomalies in COVID-19-

infected mothers is unclear.  Considerations as to the etiology of anomalies in infants born to COVID-

19 infected mothers in our cohort include maternal hyperthermia which has been associated with an 

increase in congenital anomalies of the central nervous system such as neural tube defects, 

gastroschisis and cardiac anomalies [29, 30, 31, 32]. A similar phenomenon was reported from a 

cohort in Iran, where CNS and genitourinary anomalies were significantly increased during the 

COVID-19 pandemic [33] and this group also speculates maternal hyperthermia to be potentially 

causative in addition to vertical transmission of Covid-19 infection, stress and anxiety, insufficient 

preconception and prenatal care, neglect of fetal screening, and poverty imposed by this 

pandemic.  These additional factors are certainly relevant to our rural, resource-limited Appalachian 

population.  A limitation for our cohort is that timing of COVID-19 infection is not known in the 

mothers, thus it is not known whether hyperthermia was likely to occur during the period of the first 

trimester.   A true TORCH-like, or intrinsic teratogenic effect of COVID-19 seems less likely given 

the paucity of reports on increases in congenital anomalies during the COVID-19 pandemic.  The 

effect of the hypercoagulable state known to result from maternal COVID-19 infection was 

considered by Repucci et al. as a possible cause for congenital anomalies secondary to in utero 

vascular accidents and found not to be associated with GI or limb anomalies in their relatively small 

single center American cohort [34].  Additionally, increases in microcephaly noted in the late 

pandemic period in a Canadian cohort was concluded to be more likely secondary to an artifact of 

enhanced surveillance for anomalies [35], and no conclusion could be made as to increases in GI 

anomalies due to overall low incidence in a Romanian cohort [36]. 

We have previously reported that the percentage of infants with microcephaly defined as head 

circumference less than 3% for gestational age is higher than national average; 1.02% versus 0.5% 

reported for the nation [37]. In review of the congenital anomalies documented, the rate of 

microcephaly remained at 1% throughout all epics. We postulated that the combination of tobacco 

and illicit substance use was a factor in this higher rate of microcephaly and believe this is still a major 

factor. 

The health concerns for women of childbearing age (14-44 years) in Appalachia has been well 

documented. The rates of obesity, tobacco, drug use, diabetes and hypertension are all above national 

averages [38]. Our sample population prior to the pandemic reflects these concerns. In spite of this it 

seems that the infants born in our academic referral hospital fit within national averages. 

The American College of Obstetricians and Gynecologists (ACOG) considers a BMI > 30 kg/m2 

as obese, with 40% of pregnant women in the US are considered obese [39]. From all epochs 61-70% 

of the mothers had BMI greater than 30 kg/m2 with >80% greater than 30 kg/m2 for mothers of LGA 

babies. C-section rate of 37-39% is higher than national average of 20-32% though we did not 

differentiate between primary and repeat C-section [40].  All types of diabetes at 7-13% is higher 

than national average of 1-2%. There is increasing evidence that suggests that intrauterine 

hyperglycemia may disrupt the neurocircuitry of the fetus, which may predispose the children to the 

development of neurocognitive and behavioral problems. This likely occurs through the induction of 

an exaggerated peripheral inflammatory response and neuroinflammation in the fetal brain [41].  

Between 21-38% % of pregnant women develop hypertension, with significant increase noted 

post-pandemic. These rates are higher that national averages of 8-16%. Women with chronic 
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hypertension have a higher incidence of superimposed preeclampsia, C-section, preterm delivery 

before 37 weeks' gestation, birth weight less than 2500 g, neonatal unit admission, and perinatal 

death. They also have a higher risk of developing cardiovascular disease later in life [42]. The 

significant increase in babies born small for gestational age likely mirrors the significant increase in 

mothers with hypertension during pregnancy. We have found that the rate of maternal hypertension 

in the post-pandemic epoch has continued to show significant increases. From 21% in the pre-

pandemic epoch to 32% during the pandemic, 38% of pregnant women are diagnosed with 

hypertension in the post-pandemic period. Some studies now suggest that COVID-19 may have 

lasting impact on the cardiovascular system for some, with an increase seen in the development in 

either new onset hypertension or a worsening of existing hypertensive conditions [43,44, 45]. It 

remains unclear and a topic for further study whether or not these complications will resolve over 

time or will have a lasting effect. It is also unclear as to why effects occur, whether it is a direct effect 

of the virus itself or whether the indirect effects of the pandemic including social isolation, poor diet 

and physical activity, weight gain, psychosocial stress, and others also play a role. We are unable to 

delineate with certainty which of the pregnant mothers in our post-pandemic study population ever 

had a prior COVID infection which may be contributing to the increase in hypertension but may be 

a topic for further investigation. It has been well-documented that hypertension over time is 

associated with and is an important risk factor in development of various cardiovascular diseases 

and chronic kidney disease [46].  Maternal hypertension and hypertensive disorders are also highly 

detrimental to the fetus, as it is a leading cause of prematurity, abnormal birth weight (either high or 

low for gestational age) and mortality and is being shown to put these individuals at risk for 

cardiovascular disease, hypertension and metabolic disease later in life [47,48]. This alarming trend 

that impacts both the mother and fetus is one that deserves further attention going forward.  

Tobacco use by pregnant women in the state of West Virginia the highest in the country at 

approximately 23%, though the rate from our institution is lower ranging from 13-16% overall all 

epochs, as low as 9% (COVID-19 symptomatic mothers) and as high as 43% (COVID-19 pandemic 

period delivering SGA infants) (7) The prevalence of maternal smoking at any time during pregnancy 

in the US is 7.2% [37]. Throughout all epochs illicit substance use of opiate, cannabis, cocaine, and 

methamphetamine was similar and in line with national averages [49].  

Pandemic era COVID-19 infections certainly affected the mothers with 59% having symptoms, 

6 women needing significant respiratory support, 5 of these women progressing to ECMO and two 

dying. In the post pandemic period, perinatal COVID-19 infections were noted in about 4% of 

mothers giving birth. We still found that 50% showed symptoms, though none have required 

hospitalizations. Maternal COVID-19 vaccination rates were 43%, which is similar to U.S. vaccination 

rates for pregnant women in the US though this rate lags behind vaccination rate for the US 

population as a whole [50]. 

5. Conclusions 

In the pre-pandemic period, our maternal/infant data mirrors that from the entire Appalachian 

region. In general, showing maternal health concerns in several areas. For infants the impact of 

maternal substance use with NOWS and need for foster placement is higher than national averages 

[51]. Although our ability to accurately track maternal COVID-19 infections came late to our region, 

it is clear that COVID-19 infections in women of childbearing age has been impactful. It is interesting 

to note that infants whose mothers were symptomatic had more than twice the rate of NICU 

admission as compared to those whose mothers were asymptomatic (39% vs only 18%). Factors 

contributing to this discrepancy is an area that may be of interest for future investigation. Fortunately, 

the infants have, in the short term, seemed to weather their mother’s illnesses well and have had an 

extremely high survival rate thus far. We are continuing to monitor our infants exposed prenatally 

to the COVID-19  virus as this infection continues to affect over 4% of mothers. It will be valuable to 

continue to follow these infants for any long-term health and developmental concerns.  

Well after the pandemic period, maternal-infant health continues to be affected. For our mothers, 

the Increase in hypertension and diabetes during pregnancy is concerning. For the infants, being large 
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or small for gestational age may have long-term consequences. We remain concerned about the high 

percentage of infants with microcephaly across all epochs. It is possible that the post-pandemic health 

changes in our mothers and infants may be unique to our Appalachian region though should be an 

alert for health care workers dealing with individuals or groups that share similar characteristics in 

socio-economic status, lifestyle, and limited access to basic health care needs.  Moving forward, 

COVID-19 continues to mutate and infect our mothers. In the short term, babies seem unfazed, but 

long term follow up has been showing changes in gut microbiome [52] and concerns about some 

developmental delays, mainly speech and possibly gross motor [53]. 
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