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Background: Data on SARS-CoV-2 in infants ≤ 90 days are limited with conflicting reports regarding its presentation and outcomes.

Methods: We conducted an ambispective cohort study using prospectively collected Health Electronic Surveillance Network Database by the Ministry of Health, Saudi Arabia. Infants of ≤ 90 days of age who had a positive RT-PCR test for SARS-CoV-2 virus were included. Patients were divided in Early neonatal (0–6 days), late neonatal (7–27 days), and post- neonatal (28–90 days) groups and were compared for clinical characteristics and outcomes by contacting parents and collecting information retrospectively.

Results: Of 1,793 infants, 898 infants were included for analysis. Most infants in the early neonatal group had no features of infection (tested based on maternal positivity), whereas most infants in the late and post- neonatal groups were tested because of clinical features of infection. Fever and respiratory signs were the most common presenting feature in the late and post-neonatal groups. Hospitalization was higher in the early neonatal group (80%), compared to the two other groups. The overall mortality in the cohort was 1.6%.

Conclusion: SARS-CoV-2 infection in infants ≤ 90 days might not be as rare as previously reported. The clinical presentation varies based on age at positive RT-PCR result.
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INTRODUCTION

The first reported pediatric case of coronavirus diseases of 2019 (COVID-19) was a 10-year-old boy from Shenzhen, China, diagnosed with the condition in January 2020 (1). Available literature suggests that pediatric population may be less affected from COVID-19 than adult population, (2) and that a high percentage of infected children remain asymptomatic. The majority of children develop a milder disease and have a lower mortality rate (3, 4). However, the newly mutated variants seem to affect children more than what has been reported earlier (5).

Approximately a third of hospitalized children due to COVID-19 were ≤ 90 days of age (6) and half of the patients in this age group and in neonates when presented to hospital required admission (7, 8). Infants ≤ 90 days of age are at a higher risk of developing severe COVID-19 disease (9–11). Furthermore, the reported mortality rate of infants in this age group has ranged between 0 and 2.9% (6, 12, 13). However, data specifically reporting on infants of ≤ 90 days of age have been limited (14).

The objective of this study is to describe the clinical features, presentation, and outcomes of infants of ≤ 90 days of age who were identified to be severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) positive from a national cohort from Saudi Arabia.



METHODS


Design, Setting, and Inclusion Criteria

We conducted an ambispective cohort study from a prospectively collected database by the Ministry of Health in Saudi Arabia. We also obtained detailed information from families via phone interviews if we identified missing information. The study included infants of ≤ 90 days of age who had a positive SARS-CoV-2 reverse transcriptase polymerase chain reaction (RT-PCR) test results and presented to health care facilities between March 12, 2020, and February 8, 2021, in Saudi Arabia. No exclusion criteria were applied. We collected data only on the first infection, as re-infection in this age group has not been reported.



Procedure

After obtaining the required permits and ethics committees' approval, data were extracted from the Health Electronic Surveillance Network (HESN) Database housed within the Ministry of Health in Saudi Arabia. The database contains demographic, clinical features, and outcome data of patients who were tested positive for SARS-CoV-2 via RT-PCR testing. The data were entered in the system by trained health care workers from all regions of Saudi Arabia (15). We extracted infants from the database with positive RT-PCR for SARS-CoV-2 and then called those who were ≤ 90 days of age into a datasheet. From this parent database, data on infants of ≤ 90 days of age were extracted by two abstractors involved in this study in separate electronic datasheets. These abstracted data were checked by a third investigator to ensure completeness and to remove duplicate records. During the study period, the positivity of SARS-CoV-2 was assessed using RT-PCR test from nasopharyngeal samples in accordance with protocols set by the World Health Organization throughout Saudi Arabia (16). Using a standardized questionnaire, one of the investigators or research associates made a phone call to parents/caregivers of all infants with positive results. The phone calls were made between 22/02/2021 and 29/04/2021 to complement information obtained from HESN. The additional information included: demographics, gestational age, mother's COVID-19 status at the time of birth, feeding method at time of testing, contact with any other COVID-19 patients, clinical presentation, hospital/ICU admission, and mortality. Before labeling a phone number as “no response” the phone number was tried four times on different occasions. The HESN data items were also checked with infants' caregivers to remove duplicate information if an infant attended multiple facilities. The data collected from parents were inputted on a google sheet form which was then exported to an excel sheet. The data sheet was reviewed daily by two of the investigators to ensure completeness of the data collected.



Outcomes and Groups

Infants in the study were divided into early neonatal (0–6 days), late neonatal (7–27 days), and post-neonatal (28–90 days) groups, according to their age at first positive RT-PCR test for SARS-CoV-2 as per the AAP definition (14). The status on hospitalization was collected as hospitalized or not hospitalized.



Ethics

The study was approved by the Central Ministry of Health Institutional Review Board Committee (Approval number 20−198M), Saudi Arabia. During the phone interview, a verbal consent was obtained first from the parents/caregivers and if parents declined participation, the patient was excluded from the study. Throughout the study, data were stored on a computer with a strong password and access was restricted to authorized investigators after signing non-disclosure agreement forms.



Statistical Analysis

Descriptive statistics were performed at first. Three groups, based on timing of testing of positivity, were compared against each other. We also evaluated the outcomes of three groups based on illness severity (asymptomatic, symptomatic, hospitalized, and non-hospitalized). Finally, we compared outcomes based on the status of hospitalization; hospitalized vs. not hospitalized. We reported continuous variable outcomes as mean and SD (for normally distributed data) or median and IQR (for non- normally distributed data), and categorical variable outcomes as percentages. We used Student t test, chi-square test or Wilcoxon Rank Sum test as appropriate for these comparisons. P < 0.05 were considered significant. All analyses were conducted using SPSS software (SPSS Statistics for Windows, Version 26.0. Armonk, NY).




RESULTS

On the initial scan of the HESN database, a total of 1,793 infants of ≤ 90 days of age were identified, of them, 895 infants were excluded due to duplicate records, incorrect contact details, no response or refusal to participate. Thus, we included 898 infants in this study (Figure 1). The baseline characteristics of all three groups of infants are presented in Table 1. Included were 90 patients in the early neonatal group, 186 patients in the late neonatal group and 622 patients in the post neonatal group. Early neonatal group patients were mostly tested due to maternal positivity, whereas late neonatal and post-neonatal patients were tested either because of symptoms or being in contact with a person with positive RT-PCR test. Fever and respiratory signs were the most common presenting features in late neonatal and post-neonatal groups; however, nearly one third of them presented with irritability or gastrointestinal signs.
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FIGURE 1. Flow chart showing patient recruitment.



Table 1. Characteristics of study population.
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As seen in Table 2, there were 140 asymptomatic infants and 758 symptomatic infants. About two fifths of infants in the early neonatal group had features suggestive of infection whereas the majority of the infants in the late neonatal and post neonatal groups had features suggestive of infection, 58, 85, and 90%, respectively. The percentage of infants with clinical features who were born at preterm gestation was higher in the post-neonatal group (10%) compared to both early and late neonatal groups (7.9 and 3.8% respectively). Exclusive formula feeding was higher in early neonatal period (78.8%) (Table 2).


Table 2. Asymptomatic and symptomatic patients grouped according to postnatal age.
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Of the included infants 402 were hospitalized while 496 were not hospitalized. Among the hospitalized infants, the median age at testing was 30 days. Being born at preterm gestation was more prevalent among hospitalized infants (13%) vs. (7%) in non-hospitalized infants. Infants with comorbidity, or those with a positive maternal COVID-19 swab at birth, were more likely to be hospitalized than non-hospitalized, however, this may reflect the initial birth hospitalization. More infants had a history of exposure to family member with active COVID-19 at presentation in the non-hospitalized group (82%) compared to the hospitalized group (62.9%). The characteristics of hospitalized patients are detailed in Table 3.


Table 3. Characteristics of population among hospitalized and non-hospitalized.
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As presented in Table 4. Infants of the early neonatal period were more likely (80%) to be hospitalized, as compared to those of late neonatal (57.5%), or post neonatal (35.9%) periods.


Table 4. Outcomes according to age at time of presentation.
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Furthermore, infants in the early neonatal period were more likely to be admitted to the ICU as compared with infants of the other two groups. The median length of hospital stay was not significantly different among the groups. The overall mortality of the whole cohort was 14 (1.56%) infants, with a higher rate of death among infants of the early neonatal period (Table 4).

Table 5 describes the details of the infants who died. Four infants were born to COVID-19 positive mothers and were tested positive after delivery. Most of the infants who died had respiratory distress (10/14 = 71.4%), five of them presented with fever, and two presented with GI symptoms of vomiting and diarrhea. Six of the non-survivor infants were born preterm, and four of them had a comorbidity including metabolic disorder or a congenital heart disease.


Table 5. Descriptive details of non-survivors.
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DISCUSSION

We report in this study on one of the largest nation-wide cohorts with a diverse population, which allows for a balanced epidemiological profile of SARS-CoV-2 infection in infant ≤ 90 days of age. Our study suggests that while only two fifth of early neonatal cases of COVID-19 disease were symptomatic, most infants who are < 90 days old presented with symptoms when infected with SARS-CoV-2 virus. Symptoms' frequency, however, varied among groups; in early neonatal group, the most common presenting sign was fever followed by respiratory symptoms, whereas in late and post neonatal groups respiratory symptoms were more common followed by fever.

In a case series, Shaiba et al. (17) reported that most (94%) infants of ≤ 90 days old presented to a local hospital for SARS-CoV-2 testing were symptomatic. This is almost similar to what was observed in this study where 85% of all infants presented with symptoms (42, 85, and 90% in early, late and post neonatal groups, respectively). In the aforementioned case series, the most common presenting sign was fever (70%) followed by respiratory signs (59%), which is comparable to our study's findings, where fever was encountered in 67% of infants followed by respiratory signs in 50% of them. Gastrointestinal symptoms, however, presented in only 30% of our study's population, in contrast to what has been published in a Canadian study, where GI symptoms were more prevalent (85%) (8). As for the cutaneous and neurological manifestations of COVID-19 disease in infants ≤ 90 days, our study has corroborated previous reports, which indicated that these signs and symptoms are very rare (8, 9, 13, 15).

In a recent systematic review of SARS-CoV-2 infection in neonates, they have reported that 50% of neonates were symptomatic upon presentation (18). The most prominent clinical feature in this systematic review was respiratory signs and symptoms.

As expected, most of the infants in the early neonatal group had a mother who tested positive just prior to birth, this finding suggests the possibility of maternal-fetal transmission in some if not all of these cases. This possibility of maternal-fetal transmission is further supported by the positive SARS-CoV-2 results of infants born to a mother with SARS-CoV-2 infection despite the strict and immediate isolation of the infant from the mother upon birth (as per the Saudi National regulation by the Saudi Ministry of Health). Contrary to the published literature, our study reports a higher percentage of infants tested positive with a family member who is affected by COVID-19 (8, 13, 19).

Breastfeeding and Kangaroo mother care (KMC) are integral parts of neonatal care and has been a standard of care in recent years (20, 21). Neonatologists all over the world had confusion in the initial days of the pandemic to advocate for breastfeeding and KMC as some initial guidelines early in the pandemic advised immediate mother and infant separation for neonates born to mothers infected with SARS-CoV-2. This recommendation seems unnecessary especially with current evidence suggesting only 2.16% of breastmilk samples tested for SARS-CoV-2 RT-PCR were positive and 5% of breastmilk samples contained viral genome with low infectivity rate (22, 23). In our population exclusive breastfeeding rate was low (24). It has been noted that the rate of breastfeeding has gone even lower as only 32.9% of asymptomatic mothers were exclusively breastfeeding and 31.3% of symptomatic mothers were exclusively breastfeeding. Many of neonates and infants were separated from their mothers after being diagnosed with SARS-CoV-2 which prevented proper KMC which might have contributed to the lower rate of breastfeeding. Of note, one of the neonates (neonate number 1 in Table 5) who died on day one of life although the mother expressed breastmilk the neonate was never fed due to his critical condition.

Hospitalized infants tended to be younger (11–50 days of age) than the non-hospitalized ones (30–66 days), this higher rate of admission in younger infants is similar to what was observed in previous studies. Panetta et al. reported that infants who were ≤ 90 days were more likely to be hospitalized (57%) compared to older infants (15%) (8). In a study investigating severe cases of SARS-CoV-2 infection in children 0–18 years of age, Ouldali et al. reported that infants <90 days of age accounted for 37% of admissions with SARS-CoV-2 (6). In our study, the majority of early neonatal infection cases were hospitalized (80%), and of them, one third required ICU admission. Policy aside, we speculate that these infants were admitted to the ICU due to reasons other than SARS-CoV-2 infection, such as prematurity. Of note, a recent study from Saudi Arabia derived from the same pool of patients reported on infants 2 months of age and older suggested that hospitalization rate of infants 2 month of age-−1 year is 11% (3/27 infants) (4). Of note the period of data collection in the study cited was only 1 month and reported cases during the first wave of SARS-CoV-2, when the pediatric patients were less.

COVID-19 infected infants (<1year of age) comprise 17% of all pediatric cases <18 years of age. Also, in infants <1 year of age critical cases were seen in 14% compared to 5% in children older than 1 year of age (25). The neonatal mortality rate (early and late) in our study was 2.9%, which is higher than the rate reported in a national cohort from the UK (2.4%) (9). Notably, the investigators have not specified in this study whether the mortality was directly related to COVID-19 infection (12). This finding is further supported with another national cohort study in the UK (10). In our study included were 8 neonates who died, five of them were preterm and 2 had underlying congenital heart disease. The presence of these comorbidities might have contributed to the high mortality rate in this age group. The lack of a formal detailed medical report to assess the exact cause of death in our study population makes it difficult to ascertain SARS-CoV-2 infection as the primary cause of death.

Assessing the mortality rate of infants ≤ 90 days of age due to SARS-CoV-2 infection is difficult due to the limited number of studies reporting on the disease in this age group and their outcomes. The overall mortality rate in infants ≤ 90 days of life ranged in some studies from 0% (26) up to 2.9% (6, 9) in our study population, this rate is 1.6%, which is in concordance with the above studies.

Our study has many limitations. This includes the potential of selection bias, nonetheless, we strived to include all infants included in the registry by repeated calls (up to 4 times) before labeling a number as a non- responding number. Given it is a partly questionnaire-based study, there is a possibility for recall bias, however, we tried to mitigate this possibility by standardizing the way we applied the questionnaire, and by providing multiple sessions of training to the research associates contacting the families, as well as the availability of one-to-one advice around the clock by an expert physician. Lastly, we could not collect detailed clinical, laboratory and imaging data, as the HESN database is collected primarily for administrative purposes.

In conclusion, although previously reported that neonates and infants have a favorable outcome when infected with SARS-CoV-2, healthcare providers might need to be cautious when counseling parents. We report a higher rate of severe cases of SARS-CoV-2 infection in this age group. We also report a mortality rate in this vulnerable age group that is higher than some of the previously published figures. SARS-CoV-2 continues to be a threat for infants ≤ 90 days old given their susceptibility.
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