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Abstract
The aim of this real-life, big data population-based study was to evaluate differences in symptomatic presentation of children 
infected with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) between the third and fourth waves of the 
pandemic in Israel, dominated by the Alpha and Delta variants, respectively. Our cohort included all children and adoles-
cents, members of the second-largest Health Maintenance Organization in Israel that had positive real-time polymerase chain 
reaction (RT-PCR) test during the third and fourth waves of the pandemic (December 1, 2020, to April 30, 2021, and June 
1, 2021, to October 10, 2021, respectively). A total of 32,485 and 44,130 children and adolescents in the third and fourth 
waves were included in the final analysis. The rate of children with symptomatic disease among patients with documented 
SARS-CoV-2 infection was higher in the fourth wave compared to the third wave (49.9% vs. 37.5%). The most commonly 
reported symptom and the only symptom that substantially differed between waves was fever, with 33% of SARS-CoV-2 
infected children in the fourth wave vs. 13.6% in the third wave. Preschool children had the lowest prevalence of febrile 
illness compared to other age groups.

Conclusion: Children and adolescents infected during the fourth wave of the pandemic in Israel, a Delta-dominant period, 
had a significantly higher rate of symptomatic febrile illness than the Alpha-dominant period. This phenomenon occurred 
across all age groups.

What is Known:
• There are differences in COVID-19 severity among adults and children during different waves of the pandemic.
• There is a paucity of data regarding symptomatic characteristics in children in large-scale cohorts aside from hospital settings.
What is New:
• In a time period dominated by the Delta variant, there were substantially more children with symptomatic disease and febrile illness com-

pared to a period dominated by the alpha variant.
• Preschool children had the lowest rate of febrile illness among all age groups.
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Introduction

The novel severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2) virus has caused over 250 million 
confirmed cases of coronavirus disease 2019 (COVID-19) 
globally and more than 5 million deaths as of November 
2021 [1]. Although children and adolescents are more sus-
ceptible to certain infectious diseases due to their imma-
ture immune system [2], they had a less severe presenta-
tion of COVID-19 with significantly lower morbidity and 
mortality rates than adults [3–5].
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Pediatric hospitalization rates and outcomes were the 
focus of early research on COVID-19 [6]. However, as 
most children are diagnosed and followed in the commu-
nity, there is a paucity of data regarding symptoms in chil-
dren with mild disease.

Children infected with COVID-19 present with a broad 
spectrum of non-specific symptoms [7], and a substantial 
amount of them (about 25%) were considered asympto-
matic [3], a presentation more prominent among younger 
children [8].

Israel, like other countries, underwent a few surges dur-
ing the COVID-19 pandemic since the initial occurrence 
in March 2020, with a probable different dominant variant 
at each period [9]. In the third and fourth waves, which 
account for most COVID-19 cases in Israel, the Alpha 
(B.1.1.7) [10] and the Delta (B.1.617.2) [11] were the 
most dominant variants (Supplemental Fig. 1S) [12]. Few 
reports to date investigated the differences in the mani-
festations attributed to different variants in the pediatric 
population, and these have found that the variant might 
influence the clinical characteristics [13] and disease 
severity [14] of COVID-19 among children.

The present population-based study aimed to explore 
the clinical characteristics of SARS-CoV-2 infection 
reported in children and adolescents treated in ambulatory 
settings during different periods dominated by the Alpha 
and the Delta variants.

Methods

Data sources

In this study, we used data originating from Maccabi 
Healthcare Services (MHS). MHS is the second-largest  
Health Maintenance Organization (HMO) in Israel, 
accounting for 26.7% of the Israeli population. Member-
ship in an HMO is compulsory in Israel under the National 
Health Insurance Law of 1995, according to which all 
Israeli citizens must join one of the four official HMOs.

MHS has a centralized computerized database that con-
tains extensive longitudinal data of a stable population of 
over 2.5 million individuals (of which 32% are children aged 
0–16), with less than 1% annual turnover. The database con-
tains demographic data, ambulatory and hospital diagnoses, 
anthropometric measurements, medication dispensed, and 
comprehensive laboratory data from a single central lab.

Study design and population

A retrospective cross-sectional study was conducted. The 
study included children and adolescents under the age of 16 

with SARS-CoV-2 infection confirmed by a positive real-
time polymerase chain reaction (RT-PCR) test during the 
third and fourth waves of the pandemic for whom a symp-
toms questionnaire was available (see below). In Israel, PCR 
tests are readily available and offered for free, and the tests 
are obtained from nasopharyngeal swabs using nationally 
approved SARS-CoV-2 PCR testing kits [15, 16].

Children were considered to have contracted SARS-
CoV-2 in the third and the fourth wave if they tested posi-
tive between December 1, 2020, and April 30, 2021, and 
between June 1, 2021, and October 10, 2021 (end of analy-
sis), respectively. As different variants characterized Isra-
el’s third and fourth waves, we did not include individuals 
infected during May 2021 to minimize the possible over-
lap between the variants. Patients with previously posi-
tive SARS-CoV-2 PCR tests and patients who received the 
COVID-19 vaccine were excluded.

Data extraction and definition of the study variables

Symptoms data

According to the MHS workflow during the pandemic, upon 
a positive PCR test, a member’s pediatrician or family physi-
cian was notified and obligated to initiate a phone call visit 
to assess the child’s health status and whether the child has 
any symptoms. Correspondingly, in the electronic medical 
record, the physician filled in a structured symptom ques-
tionnaire (during the following 48 h in most of the cases). If 
the patient presented with symptoms that were not included 
in the structured symptoms list, the physician could add 
them as free text. The physician remained in contact with 
the patient family, and in case of symptoms appearance, the 
questionnaire was updated (occurred in approximately 10% 
of the cases). During data collection, our team tagged the 
free text information into structured binary categories and 
later assembled these categories into four groups as detailed 
below:

• Respiratory symptoms: cough, runny nose, sore throat, 
shortness of breath, ear pain, and hoarseness

• Gastrointestinal symptoms: abdominal pain, vomiting, 
diarrhea, nausea, loss of appetite

• Neurology symptoms: disturbances of smell or taste, diz-
ziness, headache

• General and other symptoms: fever, chills, fatigue, myalgia, 
conjunctivitis, ocular pain, chest pain, restlessness, weak-
ness

Age groups We categorized age into categorical vari-
ables using the following cutoffs: 0–1 years old (infants), 
1–3  years old (toddlers), 3–6  years old (preschoolers), 
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6–12 years old (middle childhood), and 12–16 years old 
(adolescents) to measure the magnitude of the difference in 
symptoms across the different age groups.

Covariates Individual-level data of the study population 
included demographics, namely, age, sex, and socioeco-
nomic status (SES), measured on a scale from 1 (lowest) 
to 10.

Statistical analysis

We performed two separate analyses: the first included the 
whole cohort, both symptomatic and asymptomatic SARS-
CoV-2 infected patients, and the second comprised solely of 
the fraction of patients who had at least one symptom, defined 
as COVID-19 patients.

We summarized the patients’ characteristics as mean ± stand-
ard deviation for continuous data and as percentages for cat-
egorical data. We then compared the proportion of symptoms 
between the two waves. All outcomes were reported in the over-
all population and the sub-group by age. Linear regression mod-
els with quadratic, cubic, and linear terms were evaluated using 
the R2 value to determine the best fit functional form between 
age and prevalence of fever.

Due to the large population size, p values were accompa-
nied by standardized mean differences (the difference between 
the two groups’ means divided by the pooled SD), in which a 
standardized mean difference greater than 0.2 was considered 
meaningful.

Statistical analyses were performed using SPSS statistical 
software version 27 (IBM).

Ethics declaration

The study was approved by the MHS (Maccabi Healthcare 
Services) Institutional Review Board (IRB).

Results

Primary analysis: all infected individuals

A total of 32,485 and 44,130 children were eligible for the 
analysis in the third and fourth waves, respectively. Figure 1 
reveals a flowchart of the exclusion criteria. The mean age 
of the children with SARS-CoV-2 infection was 8.54 ± 4.55 
and 7.86 ± 3.84 years old, respectively (SMD = 0.16). Gen-
der proportion was similar between the two waves.

Fig. 1  Flowchart of the children 
infected with SARS-CoV-2 
included in the study cohort. 
Polymerase chain reaction 
(PCR). Period of the third wave: 
December 1, 2020–April 30, 
2021. Period of the fourth wave: 
June 1, 2021–October 10 (the 
end of analysis)
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Demographics and rate of symptoms during both the 
third and fourth waves are presented in Table 1. We found 
a significant difference in the proportion of symptomatic 
children infected with SARS-CoV-2 between the third 
and the fourth waves with 37.5% and 49.9% of the chil-
dren with SARS-CoV-2 infection that had at least one 
reported symptom, respectively (SMD = 0.25). Fever was 
the most prevalent symptom in both waves and was 2.4-
fold more prevalent in the fourth wave than the third one 
(SMD = 0.47). The differences between the two waves’ res-
piratory, gastrointestinal, and neurology symptoms were 
negligible. Hospitalization due to COVID-19 was rare and 

similar between the waves with 84 (0.3%) and 96 (0.2%) 
cases in the third and fourth waves, respectively.

The proportion of symptoms by age is summarized 
in Table 2. Across all age groups, the proportion of gen-
eral symptoms was more prevalent, ranging from 1.5 to 
2.6-folded prevalence in the fourth wave compared to the 
third. Among the components of the general symptoms, 
fever was significantly more frequent (1.7–3.8-fold more 
prevalent) in the fourth wave than the third wave across 
all age groups (Fig. 2).

During both waves, infants had the highest rate of febrile 
illness with a decrease in the rate until the age of 6 years 

Table 1  Demographic and 
symptoms proportion by wave 
in the overall cohort

Standardized mean difference (SMD) is the difference between the groups’ means divided by the pooled 
SD
IQR interquartile range, SD standard deviation, CNS central nervous system

3rd wave 4th wave SMD

Age, mean (SD), years 8.54 ± 4.55 7.86 ± 3.84 0.16
Gender, % male 51.8 51.2 0.013
Socioeconomic status, median (IQR) 5 (4–7) 6 (4–7) 0.282
Symptoms
  Any symptom no. (%) 12,198 (37.5) 22,007 (49.9) 0.25
  General symptoms, n (%) 6671 (20.5) 16,680 (37.8) 0.387
    Fever 4409 (13.6) 14,552 (33.0) 0.472
    Weakness 2426 (7.5) 3938 (8.9) 0.053
    Myalgia 1489 (4.6) 2259 (5.1) 0.025
    Restlessness 108 (0.3) 69 (0.2) 0.036
    Conjunctivitis 46 (0.1) 155 (0.4) 0.042
    Chest pain 16 (0.0) 25 (0.1) 0.003
    Ocular pain 41 (0.1) 90 (0.2) 0.019
    Fatigue 60 (0.2) 96 (0.2) 0.007
    Chills 34 (0.1) 23 (0.1) 0.019
  Neurology symptoms, n (%) 3377 (10.4) 5306 (12.0) 0.052
    Headache 2366 (7.3) 4095 (9.3) 0.072
    Disturbances in smell and taste 1152 (3.5) 1418 (3.2) 0.018
    Dizziness 56 (0.2) 68 (0.2) 0.005
  Gastrointestinal symptoms, n (%) 1217 (3.7) 2120 (4.8) 0.052
    Diarrhea 698 (2.1) 962 (2.2) 0.002
    Abdominal pain 349 (1.1) 685 (1.6) 0.042
    Vomiting 121 (0.4) 437 (1.0) 0.075
    Loss of appetite 90 (0.3) 105 (0.2) 0.008
    Nausea 42 (0.1) 129 (0.3) 0.036
  Respiratory symptoms, n (%) 6605 (20.3) 9269 (21.0) 0.017
    Cough 4499 (13.8) 6438 (14.6) 0.021
    Runny nose 1698 (5.2) 2589 (5.9) 0.028
    Sore throat 1106 (3.4) 1219 (2.8) 0.037
    Breath shortness 272 (0.8) 318 (0.7) 0.013
    Hoarseness 30 (0.1) 36 (0.1) 0.004
    Earache 35 (0.1) 46 (0.1) 0.001
Hospitalization 84 (0.3) 96 (0.2) 0.04
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(preschool children) and a steady increase in older children 
and adolescents, creating a J-like curve (Fig. 2).

Secondary analysis: only symptomatic individuals

There were 12,198 and 22,007 children with at least one 
symptom in the third and fourth waves. Those children 
composed the COVID-19 patients’ cohort. There was a 
significant difference in the proportions of general symp-
toms between the two waves reported in 54.6% and 75.7% 
(SMD = 0.45) among COVID-19 patients in the third and 
fourth wave, respectively. Fever was the most dominant 
symptom and the only component with a significant dif-
ference. In the third and fourth waves, it was reported 
in 36.1% and 66.1% (SMD = 0. 62) among COVID-19 
patients, respectively. We also found a reduced frequency 
of respiratory symptoms in the fourth wave compared with 
the third (42.1% vs. 54.1% respectively, SMD = 0.24), 
which was more prominent in younger ages (up to 6 years) 
presented in Fig. 2b. The proportion of gastrointestinal and 
neurology symptoms was similar between the two waves. 
The demographic, clinical characteristics, and difference 
in symptoms according to age groups are presented in Sup-
plemental digital content (SDC) Tables 3 and 4.

Discussion

Our study represents one of the largest pediatric cohorts to 
date describing symptoms of SARS-CoV-2 infected patients 
in ambulatory settings. The study describes changes in the 
rate of symptoms in different time frames where different 
variants were dominant. Specifically, it demonstrates that 
fever was the most common symptom with different rates in 
different age groups and significantly more dominant during 
the fourth wave in Israel that was dominated by the Delta 
variant. The rate of febrile illness during the fourth wave was 
33% among SARS-CoV-2 infected patients and 66% among 
COVID-19 patients (symptomatic patients).

Differences in symptoms during differing pandemic peri-
ods were described in smaller cohorts. Chua et al. described 
the clinical characteristics and transmission patterns among 
children and youths with COVID-19 in Hong Kong in 2020 
[13]. Their study found significant differences in the clinical 
presentations across the three waves of outbreaks (all before 
the Delta variant became dominant). The number of sympto-
matic children declined in the second and third waves com-
pared to the first, but absolute numbers were low, and screen-
ing patterns might have changed over time. Somekh et al. 
described the increased spreading effectiveness of the Alpha 
variant in children compared to the first two waves of the pan-
demic in Israel; however, they did not report symptoms [14].Ta
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Fig. 2  (A) Rate of febrile illness by age in the third and fourth waves. (B) Rate of respiratory systems by age among symptomatic children in the 
third and fourth wave
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The difference in febrile illness among different age 
groups is intriguing and enhances some of the assumptions 
of why children have less severe diseases than adults [5]. 
Preschool children had the lowest rate of febrile illness.  
Preschool children are post their toddler years where they 
were exposed to numerous viral illnesses that might enhance 
their innate and adapted immune response to coronaviruses 
in general.

Aydillo et al. [17] followed patients hospitalized with 
COVID-19 and looked for preexisting immunity for sea-
sonal coronavirus. They found evidence for preexisting 

Table 3  Demographic and symptoms proportion by wave in sympto-
matic patients

IQR interquartile range, SD standard deviation; SMD (standardized 
mean difference) is the difference between the groups’ means divided 
by the pooled SD

3rd Wave 4th Wave SMD

No. of patients 12,198 22,007
Age, mean (SD), years 9.26 ± 4.89 8.29 ± 4.00 0.17
Gender, % male 49.6 49.6 < 0.01
Socioeconomic status, median 

(IQR)
5 (4–7) 6 (4–7) 0.317

General symptoms, n (%) 6671 (54.6) 16,680 (75.7) 0.45
  Fever 4409 (36.1) 14,552 (66.1) 0.62
  Weakness 2426 (19.8) 3938 (17.8) 0.05
  Myalgia 1424 (11.6) 2122 (9.64) 0.06
  Restlessness 108 (0.88) 69 (0.31) 0.07
  Conjunctivitis 46 (0.37) 155 (0.70) 0.04
  Chest pain 16 (0.13) 25 (0.11) 0.005
  Ocular pain 41 (0.33) 90 (0.40) 0.01
  Fatigue 60 (0.49) 96 (0.43) 0.008
  Chills 34 (0.27) 23 (0.10) 0.03
Neurology symptoms, n (%) 3377 (27.6) 5306 (24.1) 0.08
  Headache 2366 (19.3) 4095 (18.6) 0.01
  Disturbances in smell and 

taste
1152 (9.44) 1418 (6.44) 0.11

  Dizziness 56 (0.45) 68 (0.30) 0.02
Gastrointestinal symptoms, 
n (%)

1217 (9.97) 2120 (9.63) 0.01

  Diarrhea 698 (5.72) 962 (4.37) 0.06
  Abdominal pain 349 (2.86) 685 (3.11) 0.01
  Vomiting 121 (0.99) 437 (1.98) 0.08
  Loss of appetite 90 (0.73) 105 (0.47) 0.03
  Nausea 42 (0.34) 129 (0.58) 0.03
Respiratory symptoms, n (%) 6605 (54.1) 9269 (42.1) 0.24
  Cough 4499 (36.8) 6438 (29.2) 0.16
  Runny nose 1698 (13.9) 2589 (11.7) 0.06
  Sore throat 1106 (9.06) 1219 (5.53) 0.13
  Breath shortness 272 (2.22) 318 (1.44) 0.05
  Hoarseness 30 (0.24) 36 (0.16) 0.01
  Earache 35 (0.28) 46 (0.20) 0.01
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immunity that affects the humoral response to SARS-
CoV-2, the effect was in vitro, and they concluded that 
whether these antibodies contribute to protection or dis-
ease is unclear. Anderson et al. [18] demonstrated that 
human serum samples before and after the onset of the 
COVID-19 pandemic with antibodies against common 
seasonal human coronaviruses are cross-reactive against 
SARS-CoV-2 but do not confer cross-protection against 
infection or hospitalization. Similarly, Renk et al. [19] 
found that seasonal coronavirus antibody responses were 
not associated with a lower likelihood of seroconversion 
following SARS-CoV-2 exposure. In contrast, Gouma 
et al. [20] suggest that recent seasonal coronavirus infec-
tions potentially limit the duration of symptoms following 
SARS-CoV-2 infections through mechanisms that do not 
involve cross-reactive antibodies and postulate that cellular 
immune responses are involved. Therefore, in our opinion, 
cellular and innate immunity but not humoral response to 
seasonal coronavirus are involved in the mechanism of 
protection against symptomatic illness. This assumption 
is strengthened by our findings of the steady increase of 
febrile illness as children advance in age after the age of 
6 years. This population of preschool children should be 
the focus of further assessments in order to look for the 
complex mechanism behind this phenomenon. Interest-
ingly, infants had the highest level of febrile response. This 
finding is in line with descriptions of higher morbidity in 
infants compared to older children [21].

The proportion of fever and other symptoms in children 
was described in a few studies. The largest was an interna-
tional network cohort described by Duarte-Salles et al. [6]. 
They described fever as the most common symptom ranging 
from 4.8 to 26.4% in different countries. This study took 
place before the emergence of the Delta variant. In another 
study from the USA, Parcha et al. described 12,306 COVID-
19 patients. They have shown, similarly to our study, that 
fever was the most common symptom. In another cohort 
from the beginning of the pandemic in the USA (data col-
lection ended May 2020), Stokes et al. [22] described fever 
as the most common symptom in children. Recently, Molteni 
et al. [23] showed similar results to our findings with an 
increasing rate of general symptoms and fever with the Delta 
variant compared to the Alpha variant in children in the UK. 
Their data was based on self-report by parents rather than 
physician questionnaires.

The strength of our study relates to the structure of the 
healthcare system in Israel, which offers extensive medi-
cal care to the general public at no cost with countrywide 
geographical coverage, allowing excellent access to care; 
MHS is the second-largest health maintenance organiza-
tion in Israel with a diverse population that represents the 
Israeli population [24]. Specifically, during the COVID-19 

pandemic, PCR tests were offered at no cost for symptomatic 
patients and individuals exposed to verified SARS-CoV-2 
patients [25], allowing us to present the full spectrum of the 
disease in children from asymptomatic patients to patients 
with a variety of symptoms.

The limitation of the study includes the type of interac-
tion between the physician and the patient’s parents, which 
was based mainly on a telephone interview and not on office 
appointments. In addition, the questionnaire was filled once 
in most of the cases; post-positive PCR results, limiting the 
opportunity to capture symptoms occurring later in the dis-
ease course, therefore, might underestimate that the actual 
rate of symptomatic infections PCR results in the time 
period of the study did not undergo genomic sequencing; 
nevertheless, monitoring by the ministry of health showed 
that the third and fourth waves were dominated by the Alpha 
and Delta wave, respectively [10, 11]. This study was limited 
to children because symptoms comparison in adults between 
waves could not be made during the same time period as 
most Israeli population was already vaccinated during the 
fourth wave.

Conclusion

In conclusion, there was a significant difference in the rate 
of symptomatic febrile illness in children infected with 
SARS-CoV-2, along with differences in respiratory symp-
toms between times where the Alpha and Delta variants 
were dominant. These findings imply that different variants 
have different virulence and clinical presentations. Given 
the rapidly evolving pandemic, the clinical relevance of 
emerging variants is important to public health. There-
fore, ongoing surveillance of symptoms in large cohorts 
is crucial to provide meaningful and accurate information 
to clinicians and policymakers.
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