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Longitudinal symptom dynamics of COVID-19
infection
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As the COVID-19 pandemic progresses, obtaining information on symptoms dynamics is of

essence. Here, we extracted data from primary-care electronic health records and nationwide

distributed surveys to assess the longitudinal dynamics of symptoms prior to and throughout

SARS-CoV-2 infection. Information was available for 206,377 individuals, including 2471

positive cases. The two datasources were discordant, with survey data capturing most of the

symptoms more sensitively. The most prevalent symptoms included fever, cough and fatigue.

Loss of taste and smell 3 weeks prior to testing, either self-reported or recorded by physi-

cians, were the most discriminative symptoms for COVID-19. Additional discriminative

symptoms included self-reported headache and fatigue and a documentation of syncope,

rhinorrhea and fever. Children had a significantly shorter disease duration. Several symptoms

were reported weeks after recovery. By a unique integration of two datasources, our study

shed light on the longitudinal course of symptoms experienced by cases in primary care.
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In December 2019 a cluster of severe respiratory disease from
an unknown cause was identified in Wuhan, China. Soon
after, the causative pathogen was identified as a novel cor-

onavirus and was named the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)1. Since then, the virus has rapidly
spread across China and worldwide, affecting by July 2020 more
than 12,000,000 confirmed patients and 500,000 deaths world-
wide in above 200 countries, areas or territories with confirmed
cases, creating a major global health crisis2.

As the virus spread rapidly across the globe, causing an
increased number of infected individuals, reports on the clinical
characteristics of the disease have started to emerge. Fever, cough,
myalgia, and fatigue were described as common symptoms of the
disease. Less common symptoms included sputum production,
headache, haemoptysis, and diarrhea3–8. Further on, anosmia and
ageusia also emerged as prevalent and relatively discriminative
symptoms of COVID-19 infection9–12. As clinical data started to
accumulate, reviews describing the potential cardiovascular13,
gastrointestinal14, neurological15, and cutaneous manifestations16

of the disease were published.
The majority of studies published to date describing the clinical

course of patients with COVID-19 infection were based on ret-
rospective data of adult hospitalized patients3–8. This creates a
knowledge gap, as infected people who only experience mild
symptoms, do not necessarily seek clinical care. The clinical
course of COVID-19 in children is less described, with more than
90% of all pediatric patients were previously described as
asymptomatic, mild, or moderate17, Information regarding the
dynamic of symptoms throughout the disease course and their
overall duration in both children and adults is still lacking.

In Israel, the first infection of COVID-19 was confirmed on
February 21st, 2020. In response, the Israeli Ministry of Health
(MOH) employed a series of physical distancing measures in an
attempt to mitigate the spread of the virus, which were later on
gradually relieved. Throughout the pandemic, testing policy in
Israel has changed. Initially, only individuals who fulfilled both
clinical criteria (symptoms of fever or respiratory symptoms) and
epidemiological criteria (such as being in proximity to COVID-19
patients) were tested but further on, more indications for testing
were added18. Here, we analyzed a unique dataset composed of
electronic health records (EHR) from Maccabi Health Services
(MHS), the second largest Health Maintenance Organization
(HMO) in Israel which includes the results of SARS-CoV-2 PCR
testing and primary care visits, and linked longitudinal self-
reported symptoms reported as part of a nationwide survey19, to
better understand the full clinical spectrum of symptoms
experienced by adults and children infected with COVID-19.

Results
From 1/3/2020 to 07/06/2020, information on symptoms was
available for 206,377 individuals (see “Methods” section). Infor-
mation on symptoms was obtained from two sources: 117,230
individuals performed a PCR test for SARS-CoV-2 and had a
record of primary care visit (Table 1). Of them, 52,298 had a
primary care visit with documented symptoms (2214 positive,
50,084 negative). 159,162 individuals (499 positive, 10,984 nega-
tive and 147,679 not tested) filled at least one-self-reported
symptoms survey (Table 1). 5083 individuals had information on
symptoms from both sources. A snapshot of the detailed clinical
course for one individual with COVID-19 infection in our cohort
is presented as an example in Fig. 1.

Altogether, information on symptoms was available for 2471
individuals defined as positive COVID-19 cases, 56,227 defined as
negative and 147,679 individuals who had no record of a PCR test
for SARS-CoV-2. Among the positive cases, and throughout the

study period, 508 (20.6%) individuals were hospitalized, including
51 (2.1%) individuals that were admitted to the Intensive care
unit (ICU) and 16 (0.6%) patients died.

First, we analyzed the similarity between self-reported symp-
toms and EHR-captured data. From the 5,083 participants who
had information on symptoms from both data sources, we
identified 915 different events for a total of 706 individuals in
which the same person filled a self-reported survey and had a
physician visit documented in the EHR on the same day. When
comparing these events, we found the overall agreement between
the two sources was generally low. Overall, most of the symp-
toms, with the exception of fever and myalgia, were self-reported
in a higher percentage than they were recorded by physicians in
the EHR (Supplementary Table 1). As expected, symptoms which
are part of the Israeli testing policy had a higher agreement
between the two sources since they were more likely to be asked
by a physician during the visit. These included cough, which had
a 52% agreement between the two sources and fever, which had a
34% agreement. Diarrhea also had a relatively high agreement of
35%. Other symptoms had a lower agreement of up to 16%.
Disturbance of the sensation in smell and taste, had no agreement
at all between the two sources, and were mostly self-reported,
potentially due to the fact that early in the course of the pandemic
the evidence on the existence of this symptoms in individuals
infected with COVID-19 was not strong, so it is possible that it
was less asked and reported by physicians. Due to the fact that the
majority of individuals did not have information from the two
sources of information, the different characteristics of each of the
population (Table 1), the potential biases in each of the databases
and the low agreement between the two sources of information in
this subgroup, we decided to analyze symptoms separately for
each source of information.

Clinical manifestations of COVID-19 infection in adults.
Overall, the most prevalent symptoms recorded in primary care
visits throughout the study period in adult COVID-19 cases were
cough (11.6%), Fever (10.3%), Myalgia (7.7%), and Fatigue (5.9%).
Emotional disturbance, including anxiety and depression, were
common (15.9%). The most prevalent self-reported symptoms were
cough (21%), fatigue (19%), rhinorrhea, and/or nasal congestion
(17%), headache (16%), and myalgia (11%) (Table 1). Of note, in
order to obtain the full clinical picture, responders to the survey
were asked whether they experience additional symptoms and were
given an option to report these in length and in a free text format.
Only few of the positive COVID-19 cases reported additional
symptoms and those were mainly reported before disease onset.
These included: abdominal pain, chest discomfort/chest pain, loss of
appetite, bitter taste and chills.

Clinical manifestations of COVID-19 infection in children. A
total of 21,567 children were included in the analysis. Of them,
862 (4%) were positive COVID-19 cases (mean age of 10.69 ±
5.09 years old) and 20,705 (96%) negative (mean age of 8.67 ±
5.46 years old). The percentage of positive cases from all indivi-
duals tested was similar between children and adults (4% versus
4.25%, respectively). Data on clinical symptoms of these children
was obtained solely from the MHS EHR as the survey was not
distributed at this age group. Conjunctivitis, rash, sore throat,
dyspnea and/or shortness of breath and speech disturbance, had a
higher prevalence in children who were positive to COVID-19
compared to positive adults. Overall, the most prevalent symp-
toms recorded in primary care visits throughout the study period
included fever (7%), cough (5.5%), abdominal pain (2.4%), and
fatigue (2.3%). Emotional disturbance, including anxiety and
depression, were less documented in children compared to adults,
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Table 1 Baseline characteristics of the study cohort.

A. Individuals with primary care visits

Adults (n= 95,663) Children (n= 21,567)

Characteristic,
mean (SD) or %

All individuals
n= 117,230
(100%)

COVID-19 negative
n= 91,597 (78.1%)

COVID-19
positive
n= 4066
(3.5%)

COVID-19 negative
n= 20,705 (17.7%)

COVID-19 positive
n= 862
(0.7%)

Age in years 39.30 (22.83) 46.32 (19.38) 43.03 (18.34) 8.67 (5.46) 10.69 (5.09)
Gender (male) 51,820 (44%) 38,185 (42%) 2273 (56%) 10,924 (53%) 438 (51%)
&Presence of a chronic medical condition 55,903 (48%) 50,994 (56%) 1962 (48%) 2829 (14%) 118 (14%)
Number of primary care visits with documented symptoms
Total 120,120 98,312 4894 16,530 384
*Prior to COVID-19 test 65,097 51,793 1436 11,702 166
*After COVID-19 test 55,023 46,519 3458 4828 218
Symptoms recorded in primary care visits
Abdominal pain 5988 (5.1%) 5103 (5.6%) 154 (3.8%) 710 (3.4%) 21 (2.4%)
Arthralgia 4338 (3.7%) 4034 (4.4%) 132 (3.2%) 163 (0.8%) 9 (1.0%)
Chest pain or discomfort 3372 (2.9%) 3069 (3.4%) 185 (4.5%) 111 (0.5%) 7 (0.8%)
Conjunctivitis 1171 (1.0%) 752 (0.8%) 19 (0.5%) 383 (1.8%) 17 (2.0%)
Constipation 975 (0.8%) 795 (0.9%) 19 (0.5%) 157 (0.8%) 4 (0.5%)
Cough 13,427 (11.5%) 10,179 (11.1%) 470 (11.6%) 2731 (13.2%) 47 (5.5%)
Diarrhea 2255 (1.9%) 1655 (1.8%) 68 (1.7%) 519 (2.5%) 13 (1.5%)
Disturbance of skin sensation 678 (0.6%) 657 (0.7%) 16 (0.4%) 5 (0.0%) 0 (0.0%)
Disturbances of sensation of smell and taste 264 (0.2%) 203 (0.2%) 44 (1.1%) 15 (0.1%) 2 (0.2%)
Dizziness 1665 (1.4%) 1542 (1.7%) 61 (1.5%) 60 (0.3%) 2 (0.2%)
Dyspnea and or shortness of breath 1385 (1.2%) 778 (0.8%) 41 (1.0%) 553 (2.7%) 13 (1.5%)
Emotional disturbance 8209 (7.0%) 7154 (7.8%) 648 (15.9%) 371 (1.8%) 36 (4.2%)
Fatigue 4284 (3.7%) 3713 (4.1%) 240 (5.9%) 311 (1.5%) 20 (2.3%)
Fever 11,093 (9.5%) 6467 (7.1%) 420 (10.3%) 4146 (20.0%) 60 (7.0%)
General symptoms (Amnesia, chills,
generalized pain or hypothermia)

628 (0.5%) 589 (0.6%) 19 (0.5%) 20 (0.1%) 0 (0.0%)

Headache 3318 (2.8%) 2794 (3.1%) 126 (3.1%) 387 (1.9%) 11 (1.3%)
Hearing loss 1063 (0.9%) 811 (0.9%) 31 (0.8%) 219 (1.1%) 2 (0.2%)
Lymphadenopathy 448 (0.4%) 362 (0.4%) 11 (0.3%) 73 (0.4%) 2 (0.2%)
Myalgia 9900 (8.4%) 9202 (10.0%) 314 (7.7%) 375 (1.8%) 9 (1.0%)
Nausea and or vomiting 1167 (1.0%) 870 (0.9%) 49 (1.2%) 241 (1.2%) 7 (0.8%)
Neuralgia 426 (0.4%) 411 (0.4%) 12 (0.3%) 3 (0.0%) 0 (0.0%)
Palpitation 817 (0.7%) 761 (0.8%) 42 (1.0%) 13 (0.1%) 1 (0.1%)
Rash 1127 (1.0%) 585 (0.6%) 27 (0.7%) 495 (2.4%) 20 (2.3%)
Runny nose and or nasal congestion 1293 (1.1%) 942 (1.0%) 49 (1.2%) 297 (1.4%) 5 (0.6%)
Sleep disturbance 1049 (0.9%) 925 (1.0%) 47 (1.2%) 75 (0.4%) 2 (0.2%)
Sore throat 1378 (1.2%) 1100 (1.2%) 30 (0.7%) 241 (1.2%) 7 (0.8%)
Speech disturbance 355 (0.3%) 145 (0.2%) 7 (0.2%) 198 (1.0%) 5 (0.6%)
Syncope 529 (0.5%) 450 (0.5%) 24 (0.6%) 52 (0.3%) 3 (0.3%)
Tachycardia 221 (0.2%) 183 (0.2%) 23 (0.6%) 13 (0.1%) 2 (0.2%)
Voice disturbance 285 (0.2%) 254 (0.3%) 14 (0.3%) 16 (0.1%) 1 (0.1%)
Weight loss 600 (0.5%) 546 (0.6%) 18 (0.4%) 35 (0.2%) 1 (0.1%)

B. survey responders

Characteristic,
mean (SD) or %

All individuals
n= 159,162 (100%)

Individuals not tested for COVID-19
N= 147,679 (92.78%)

COVID-19 negative
n= 10,984 (6.9%)

COVID-19
positive
n= 499
(0.31%)

Age in years 46.62 (16.94) 46.84 (16.95) 43.82 (16.45) 42.15
(16.61)

Gender (male) 66,777 (42%) 62,461 (42%) 4085 (37%) 231 (46%)
&Presence of a chronic medical condition 5789 (53%) 231 (46%)
Healthcare workers 9934 (6%) 8279 (6%) 1602 (15%) 53 (11%)
Self-reported surveys
Total 1,262,479 1,187,523 72,928 2028
*Prior to COVID-19 test 36,169 371
*After COVID-19 test 36,759 1657
Per individual
Mean (SD)
Median(IQR)

7.93 (9.96)
3 (1–11)

8.04 (10.05)
3 (1–11)

6.64 (8.72)
2 (1–8)

4.06 (5.98)
2 (1–4)
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but were present in 4.2% of positive cases. Most symptoms were
rare, and were present in less than 1% of the patients.

Dynamics of symptoms in COVID-19 patients. We next ana-
lyzed the dynamics of symptoms reported by individuals with
confirmed COVID-19 infection compared to individuals with
negative COVID-19 tests in time. To that end, we made use of the
rich individual level data obtained from both of the data sources we
had in our possession: the self-reported symptoms and the symp-
toms which were recorded in the EHR during primary care visits.
These data were analyzed separately (see “Methods” section).

A longitudinal analysis of symptoms on the entire cohort from
both data sources and in regard to the time of test and time of
recovery revealed different patterns in time for different
symptoms (Fig. 1). Interestingly, there is an increase in loss of
taste and smell sensation in COVID-19 patients, as compared to
negative cases, which is apparent both in the self-reported
surveys, and in a smaller magnitude also in primary care visits.
The prevalence of these symptoms start increasing as early as
3 weeks prior to time of diagnosis, decreasing up to approxi-
mately a week prior to recovery date.

As fever was one of the main criteria to fulfill in order to be
applicable for COVID19 test in Israel in the majority of time
during the COVID-19 pandemic, it is not surprising that we
observe an increase in this symptom in both positive and negative
cases with a peak just before the time of testing, and that this
symptom is more evident in primary care visits. Nonetheless, the
percentage of fever in positive cases is still higher than the
negative cases, both in the survey and in primary care visits.
Similarly, cough was also a part of the criteria for COVID19
testing and also had a peak in prevalence just before the time of
testing for both positive and negative cases.

Fatigue was also self-reported by participants in a higher
prevalence around the time of testing in both positive and

negative cases, but with a higher prevalence in the positive cases.
The dynamics of sore throat and diarrhea was similar in positive
and negative cases with the maximal prevalence reported around
the diagnostic test. Higher prevalence of these symptoms was
documented by physicians in negative cases at time of diagnosis.
self-reported headache was more prevalent in positive cases,
manifest in up to 30% of patients prior to the day of diagnosis,
and gradually decreasing up to 2 weeks before recovery when it is
diminished. The dynamics of additional symptoms which were
reported by individuals in our cohort or recorded by their
physicians is presented in Fig. 2.

As symptoms may be differentially present throughout the
disease course, a time-dependent analysis is warranted. Accord-
ingly, we construct Kaplan–Meier curves from the time in which
the symptom is self-reported or recorded in the EHR to a positive
PCR result. Hazard ratios (HR) for each symptom, calculated by
Cox proportional hazards models, and adjusted for age, gender,
presence of a chronic medical condition and time (number of
days since study initiation) are presented in Fig. 2 to account for
the time from symptoms onset to COVID-19 testing results. We
present these results separately for self-reported symptoms and
for EHR recorded symptoms. The importance of loss of taste or
smell symptoms is demonstrated in these analyses, with an HR of
22.5 and 13.3 followed by fever with HR of 9.7 and 4.3 in self-
reported symptoms and EHR, respectively. In addition, several
symptoms such as nausea or vomiting, muscle pain, and
headache reveal different patterns between the two sources of
information. Individuals who self-reported these symptoms had
an increasingly higher percentage of positive tests in contrast to
their record in the EHR (Fig. 2, full results are presented in
Supplementary note 6, Supplementary Tables 6 and 7).

Clinical manifestations of COVID-19 infection after recovery.
Data on symptoms after recovery were obtained from both data

Table 1 (continued)

B. survey responders

Characteristic,
mean (SD) or %

All individuals
n= 159,162 (100%)

Individuals not tested for COVID-19
N= 147,679 (92.78%)

COVID-19 negative
n= 10,984 (6.9%)

COVID-19
positive
n= 499
(0.31%)

Self-reported symptoms
Chills 2430 (2%) 1951 (1%) 467 (4%) 12 (2%)
Confusion 1364 (1%) 1143 (1%) 206 (2%) 15 (3%)
Cough 20,162 (13%) 17,374 (12%) 2682 (24%) 106 (21%)
Diarrhea 6889 (4%) 6060 (4%) 804 (7%) 25 (5%)
Dry cough 11,340 (7%) 9586 (6%) 1676 (15%) 78 (16%)
Fatigue 12,630 (8%) 10,745 (7%) 1792 (16%) 93 (19%)
Feel well 128,633 (81%) 120,424 (82%) 7860 (72%) 349 (70%)
Fever (body temperature above
38 °C)

863 (1%) 602 (0%) 250 (2%) 11 (2%)

Headache 19,818 (12%) 17,585 (12%) 2152 (20%) 81 (16%)
Loss of taste or smell 1209 (1%) 951 (1%) 209 (2%) 49 (10%)
Myalgia 9011 (6%) 7766 (5%) 1192 (11%) 53 (11%)
Nausea and/or vomiting 3793 (2%) 3290 (2%) 488 (4%) 15 (3%)
Other symptoms 11,066 (7%) 10,015 (7%) 1004 (9%) 47 (9%)
Rhinorrhea and/or nasal congestion 25,828 (16%) 23,205 (16%) 2536 (23%) 87 (17%)
Shortness of breath 4248 (3%) 3515 (2%) 709 (6%) 24 (5%)
Sore throat 13,684 (9%) 11,766 (8%) 1870 (17%) 48 (10%)
Wet cough 11,509 (7%) 9978 (7%) 1482 (13%) 49 (10%)

Prevalence of symptoms that were present in more than 10 positive cases throughout the study period is presented in A individuals with primary care visits and B self-reported symptoms.
*Number of primary care visits/ filled surveys throughout the study period, prior to and after the PCR test. Date of the test was considered as the first positive test for the positive COVID-19 cases and
the first negative test for the negative cases.
#Chronic medical conditions that were included in the analysis are cardiovascular diseases, diabetes, hypertension, obesity, underweight, malignancy, cystic fibrosis, chronic renal failure and dialysis
treatments, chronic obstructive pulmonary disease, depression, osteoporosis, inflammatory bowel disease, coagulation, blood disorder and warfarin treatments, cognitive impairment and the need for
special home therapies.
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sources. From 2214 positive cases who had a record of primary
care visit with symptoms, 1818 recovered throughout the study
period, and from them, 909 had a primary care visit after
recovery, with average follow up time of 31.4 ± 20.1 days after
recovery.

From 499 positive cases who filled at least one-self-reported
symptoms survey, 442 recovered, 278 of them have filled a

survey after recovery with an average follow up time of 17.6 ±
14.8 days. Long duration of symptoms, specifically fatigue,
myalgia, runny nose and shortness of breath was observed weeks
after recovery.

Variability in the clinical course of COVID-19 infection. After
analyzing the general dynamics of symptoms, we further looked

Emotoional disturbance

Emotoional disturbance

Sleep disturbance
Cough

Fever
Confusion
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Fig. 1 Longitudinal dynamics of symptoms in infected individuals. Three examples are given. Yellow rectangles represent symptoms recorded by a
physician at a primary care visit. Colored circles represent symptoms self-reported by the individual throughout the survey. White circles represent self-
report of not experiencing a symptom through the survey. Red and blue vertical lines indicate a positive or negative PCR test for SARS-CoV-2, respectively.
The area marked in light red indicates the period of time an individual was considered as infected with COVID-19.
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at the variability of the clinical course in different individuals in
the cohort. A high variability in the clinical course was observed
by two physicians who reviewed the medical charts and surveys of
COVID-19 cases. Clinical spectrum was ranging from mild and
short disease to a prolonged course, lasting weeks after the

recovery. Several examples are shown in Fig. 1. Among recovered
individuals, mean disease duration was 23.5 ± 9.9 days (n=
2045), thus showing a high variability of disease duration. Cox
regression analyses revealed that children have a significantly
shorter recovery time compared to adults (HR= 1.18 (1.01–1.39),
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p= 0.04). Gender and the presence of a chronic medical condi-
tion did not affect the recovery time significantly (p= 0.46 and
p= 0.87, respectively). Next, we analyzed whether the presence of
specific symptoms was associated with different time to recovery.
This analysis revealed that for example, individuals with loss of
smell and taste tend to have a shorter time to recovery compared
to those experiencing shortness of breath, possibly due to the fact
that the latter represents a disease in higher severity level (see
Supplementary note 4, Supplementary Fig. 2).

Associations between symptom reports and positive tests. In
order to distill the symptoms that can assist physicians in iden-
tifying COVID-19 patients prior to diagnosis, we next analyzed
the association between symptoms experienced by individuals in
the 3 weeks prior to the time of testing and COVID-19 diagnosis
and were present in at least 10 positive cases (Fig. 3). This analysis
was done separately for children and adults. For adults, loss of
taste or smell, either self-reported or documented by physician,
were the symptoms which were most associated with a positive
diagnosis (odds ratio (OR)= 11.18; 95% confidence interval (CI)

6.43–19.44 and OR= 5.47 (3.69–8.09) for self-reported and pri-
mary care visit documentation, respectively).

self-reported headache (OR= 2.03 (1.29–3.19)) and fatigue
(OR= 1.73 (1.08–2.79) were also significantly associated with
COVID-19 diagnosis, as well as syncope (OR= 2.09 (1.13–3.88)),
runny nose (OR= 2.09 (1.47–2.95)) and fever (OR= 1.62
(1.44–1.83)) documented by a physician in a primary care visit.
self-reported confusion (OR= 4.02 (1.58–10.21) was also asso-
ciated with positive cases but the first was reported by only 5
individuals in the 3 weeks prior to the diagnostic test. In contrast,
self-report of a body temperature below 37.4 °C and a physician
documentation of myalgia, diarrhea, sore throat, abdominal pain,
shortness of breath and conjunctivitis were significantly asso-
ciated with individuals negative to COVID-19 (OR of 0.53
(0.34–0.80), 0.69 (0.55–0.87), 0.46 (0.29–0.74), 0.35 (0.19–0.66),
0.53 (0.38–0.75), 0.51(0.26–0.98), and 0.13(0.02–0.95), respec-
tively). Results on self reports for these symptoms were only
partially available and in some cases revealed an opposite trend,
although not statistically significant.

We next adjusted OR by age, gender, presence of a chronic
medical condition and time and applied Inverse probability

Fig. 2 Dynamics of symptoms in COVID-19 patients. Columns (a–c): each row represents the prevalence of a symptom in our cohort analyzed by time
relative to diagnosis day from (a): Survey of self-reported symptoms and (b): Primary care visits in positive COVID19 cases (red) versus negative (blue)
(c): Prevalence of symptoms in our cohort relative to time of recovery by surveys of self-reported symptoms (purple) and primary care visits (green).
Each time point is calculated by taking a 1 week window (±3 days from day). Error bands represent 95% binomial proportion confidence intervals. Columns
d, e: Kaplan–Meier curves from the time in which a symptom is self-reported (d) or recorded in the EHR (e) to a positive PCR result. The curves present the
cumulative incidence of individuals who tested positive for COVID-19 and have a specific symptom (orange) versus those who did not report this symptom
(purple) in time. Hazard ratios (HR) adjusted for gender, age, prior conditions and time (number of days since study initiation) are indicated. Note the y-
axis scale is different for each panel.
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Fig. 3 Odds ratio analysis of symptoms prior to COVID-19 test. Log odds ratio (OR) calculated by the prevalence of symptoms 21 days prior to COVID-19
test for adults in self recorded symptoms (n= 4843) versus EHR-captured symptoms (n= 70,606). Calculated log odds ratios are presented along with
gray lines indicating 95% confidence intervals. Blue circles represent log OR calculated from the basic model, orange circles represent log OR from the
adjusted model, green circles represent log OR after applying Inverse probability weighting (IPW) to help address biases related to those receiving testing
and red circles represents log OR from the adjusted model after applying IPW.
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weighting (IPW) for self-reported symptoms to help address
biases related to those receiving testing (see “Methods” section).
After OR adjustment, the same symptoms remained significantly
associated with a positive COVID-19 diagnosis. After applying
IPW and the adjusted IPW, these symptoms also remain
significant with the exception of fatigue. In children, sample size
was smaller and information on symptoms was only available
from the EHR. Only 3 symptoms were experienced in the 3 weeks
prior to the diagnostic test by more than 10 positive individuals:
cough, fever and fatigue. Fever (OR= 0.3 (0.22–0.42)) and cough
(OR= 0.4 (0.28–0.59)) were associated with negative COVID-19
cases. Analysis of the less prevalent symptoms revealed that
syncope and loss of taste and smell had the highest OR for
COVID-19 infection (2.45 for both) but were not statistically
significant.

Full results of OR analyses are presented in Supplementary
note 5.

Discussion
In this study, we leveraged a unique dataset that includes EHR of
primary care visits from the second largest HMO in Israel, and
linked longitudinal self-reported symptoms surveys collected
prior to and after COVID-19 testing. These two sources of
information enable us to comprehensively capture data on
symptoms of mostly mild COVID-19 cases from two different
perspectives: the reports of the patient themself, and the reports
of their physician. As previously reported, we observed a high
variability in the clinical course of COVID-19 patients. Recovery
time was highly variable, with a mean duration of 23.5 ± 9.9 days,
and was significantly shorter in children (p-value= 0.04).

Our study shed light on the prevalence of clinical symptoms
experienced in mild COVID-19 patients. Previous studies which
were mostly based on hospitalized patients have marked fever
(90% or more), cough (around 75%), and dyspnea (up to 50%), as
well as gastrointestinal symptoms in a small subset of patients to
be the main clinical manifestations of COVID-1920. In our
cohort, consisting of primarily non-hospitalized patients with
mild disease, the prevalence of these symptoms was substantially
lower. The most prevalent symptoms in adults recorded in EHR
were cough (11.6%), fever (10.3%), myalgia (7.7%), and fatigue
(5.9%) and the most prevalent self-reported symptoms were
cough (21%), fatigue (19%), and rhinorrhea and/or nasal con-
gestion (17%). In children, the most prevalent symptoms recor-
ded in the EHR were fever (7%), cough (5.5%), abdominal pain
(2.4%), and fatigue (2.3%). Temporal dynamics of self-reported
and documented symptoms revealed different patterns of symp-
toms along time, and long duration of symptoms, specifically
fatigue, myalgia, runny nose and shortness of breath, which were
reported by individuals weeks after recovery. These findings,
inline with a previous report by Tenforde et al.21, demonstrates
that COVID-19 infection may result in prolonged symptoms,
even among outpatient individuals with mild disease.

Disturbances of the sensation of smell and taste was documented
by physicians in 1.1% of the adult patient and 0.2% of the children
but was self-reported in 10% of the cases. Although these symptoms
were not common, they emerged in our study as having the highest
HR and OR for COVID-19 diagnosis when appearing 3 weeks prior
to COVID-19 tests in both adults and children (HR of 22.5 and 13.3
as a self-reported symptom and EHR, respectively, OR= 11.18 and
OR= 5.47 as self-reported or documented by physician for adults,
and OR= 2.45 for children). In children, the result was not sta-
tistically significant, possibly due to a small sample size. Although
anosmia and ageusia were initially less described as COVID-19
symptoms3,6, and were not part of the Israeli testing policy
throughout the study period, they further emerged as the most

predictive symptoms for COVID-19 in this study and others10,12,22,
and were also found to be the most prolong symptoms in infected
individuals23. Health organizations worldwide have gradually added
it to the list of COVID-19 related symptoms including the USA
CDC24, the UK25 and Israel26.

Other significant self-reported symptoms which were reported
by at least 10 positive COVID-19 cases in the 3 weeks prior to
testing and are still not included in formal testing policies were
headache (OR= 2.03) and fatigue (OR= 1.73), which was not
statistically significant after applying IPW and adjusted IPW.
These symptoms are not specific to COVID-19, but may poten-
tially help discriminate between positive and negative cases.
Interestingly, syncope documented by a physician 3 weeks prior
to diagnosis was significantly higher in positive cases in adults
(OR= 2.09) and had a high OR but not statistically significant in
children (OR= 2.45). Nonetheless, the overall prevalence of this
symptom was very low in the cohort (0.6% and 0.3% of positive
adults and children, respectively) and although it was described as
an atypical presentation of COVID-19 infection27,28, reports on
syncope as a COVID-19 related symptom thus far were sparse28.
Therefore, more studies are needed in order to determine if this
symptom is part of COVID-19 clinical sequelae. In children,
several symptoms, including some which are part of the Isreali
testing guidelines, such as cough (OR= 0.4) and fever (OR= 0.3)
were associated with negative cases, possibly due to the fact that
many other infectious diseases which are characterized by these
symptoms were more prevalent in this age group during this time
period.

Emotional disturbance, including anxiety and depression, were
documented in 15.9% of the positive adults and 4.2% of the
children, and appeared both prior to and after diagnosis. This
emphasizes the fact that as the pandemic increases the risk for
psychiatric illness, and in addition to medical care, health care
providers have to closely monitor the psychosocial needs of their
patients29. An example is the establishment of new guidelines for
emergency psychological crisis intervention initiated for people
affected with COVID-19 by the National Health Commission of
China30.

Our study has several strengths. First, the integration of
information on symptoms from two different data sources
allowed us to comprehensively explore the clinical course of mild
COVID-19 cases. As most of the studies on the clinical char-
acteristics of COVID-19 infection thus far rely mostly on hos-
pitalized patients, this information reveals the heterogeneous
clinical spectrum of symptoms experienced by COVID-19
infected individuals in the community setting, and may help
physicians to identify individuals at risk. Second, data on the
presence of clinical symptoms was available for 982 positive cases
from either EHR or surveys up to 21 days prior to COVID-19
diagnosis, thus allowing us to capture symptoms prior to per-
forming the diagnostic test in a relatively high percentage of the
cohort (40%). This allowed us to prospectively analyze the
dynamics of symptoms throughout the disease course, and not
only after the diagnosis was already made. Third, COVID-19
cases were identified directly by a documented record of a posi-
tive PCR test in the EHR and were not based on self-reported
diagnosis. Moreover, in order to check the validity of our survey,
we directly compared self-reported answers on COVID-19 diag-
noses in our survey to the documented test in the medical chart
and found a very high agreement between the two sources. For
example, from those who reported not diagnosed with COVID-19
in the survey, only 0.03% had a record of a positive COVID-19
test in the EHR thus further validating our survey. A relatively
low agreement between self-reported symptoms and EHR-
captured symptoms was found in a subgroup of individuals
who had data from the two sources at the same date, which might
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be a result of several reasons including the local practices of
diagnosis documentation by physicians, who usually document
only the main diagnoses as ICD-9 codes. Moreover, previous
studies comparing individual’s self report versus clinicians
reporting in regard to other diagnosis, have found that self-report
is more sensitive to identifying symptoms-based conditions31.
Altogether, we believe that this point highlights the strength of
our study in integrating two different data sources together, each
with its own pros and cons, to obtain a more complete picture on
symptoms as reflected by both perspectives.

This study also has several limitations. First, the testing policy
for COVID-19 in Israel has changed throughout the study per-
iod18. In the majority of the time, individuals had to present with
fever or respiratory symptoms, as well as an appropriate epide-
miological context, in order to be tested. This may have a strong
effect on the prevalence of these symptoms in individuals who
were tested compared to those who were not. In addition, both of
our data sources may introduce biases to the data and therefore
were analyzed separately by us. Data which is based on the
voluntary self-reported symptoms of participants is bound to
suffer from selection bias. However, the fact that the surveys were
distributed by both emails and text messages from the second
largest HMO in Israel, a non-profit organization, to all of its adult
members from all socioeconomic groups may reduce this bias.
Data originating from EHR may also suffer from biases related to
processes within the healthcare system32 and a bias toward
patients with more severe conditions.

In conclusion, in this study we analyzed the clinical course of
COVID-19 cases in primary care as captured by two data sources,
EHRs and surveys, and showed that there is a limitation asso-
ciated with using EHR data compared to survey data in capturing
the full spectrum of symptoms identified when presenting these
options to the individual patient in a survey. This highlights the
power of survey derived data to enhance understanding of the
evolving COVID-19 pandemic. The study provides additional
information on the natural history of mostly mild cases of
COVID-19 and may alert physicians for the possibility of infec-
tion and direct the need for testing and self-isolation.

Methods
Data. In this study, we utilized data originating from MHS. MHS is the second
largest HMO currently active in Israel, representing a quarter of the Israeli
population. It contains longitudinal data on over 2.3 million people since 1993,
with annual attrition rate lower than 1%. Of note, participation in a medical
insurance plan is compulsory in Israel, and by the National Health Insurance Law
of 1995, all citizens must join one of four official HMO which are run as not-for-
profit organizations and are prohibited by law from denying membership to any
Israeli resident. The dataset included extensive demographic data, anthropometric
measurements, clinic and hospital diagnoses, medication dispensed, and compre-
hensive laboratory data from a single central lab33.

For adults, information on symptoms was obtained from two different data
sources: symptoms documented in the EHR as ICD-9 codes and symptoms from a
self-reported survey. A link to the electronic survey was distributed by emails and
text messages by MHS from 01/04/2020 and throughout the COVID-19 pandemic
to all adult members (age above 18 years of age) of MHS. The survey included
questions relating to age, gender, prior medical conditions, smoking habits, self-
reported symptoms and geographical location (see Supplementary note 2). Each
participant was asked to fill the survey once a day. The surveys were linked to the
EHR by a unique identifier. For children, symptoms were extracted solely from the
EHR, as the surveys were not distributed in this age group.

Study outcome. Patients with COVID-19 infection were identified as those having
at least one record of a positive SARS-CoV-2 polymerase chain reaction (PCR) test
in the MHS EHR. PCR tests for SARS-CoV-2 were obtained from nasopharyngeal
swabs. Individuals negative to COVID-19 infection were considered as such if all
their laboratory tests for SARS-CoV-2 were negative.

Study design and population. To obtain information on symptoms in COVID-19
patients, we used two different data sources: symptoms recorded by physicians as
ICD-9 codes and self-reported symptoms from the survey (see Supplementary
notes 2 and 3, Supplementary Fig. 1).

First, we analyzed data of individuals in MHS, who had at least one PCR test for
SARS-CoV-2 between 01/03/2020 and 07/06/2020, and had at least one primary
care visit. During the COVID-19 pandemic, visits were held as in-person visits or
telemedicine visits. Overall, 175,994 PCR tests for SARS-CoV-2, for 119,583
individuals, were performed during this time period. To capture diagnostic codes
given after the date of the diagnostic PCR test, data from primary care visits were
extracted from 01/03/2020 to 20/06/2020. During this time period, 117,230
individuals had a documented primary care visit. The characteristics of these
individuals are described in Table 1. In order to distill symptoms that are prevalent
in COVID19 cases, we first extracted all ICD-9 codes that were documented by a
physician during the study period. From these, ICD-9 codes which represent
symptoms that were previously described in COVID19 patients were analyzed (see
Supplementary note 3).

Second, we analyzed data of individuals in MHS, who had at least one valid self-
reported symptoms survey. Between 01/04/2020 to 7/06/2020, 1,313,595 surveys
were filled for 181,798 individuals. From them 51,116 (3.9%) surveys were not fully
completed by participants and were excluded from the analysis. A total of
1,262,479 surveys for 159,162 adults were included in the analyses. The
characteristics of these individuals are described in Table 1. Self-reported fever was
defined as a reported body temperature above 38 °C. Chronic medical disease were
defined as one of the following: cardiovascular diseases, diabetes, hypertension,
obesity, underweight, malignancy, cystic fibrosis, chronic renal failure and dialysis
treatments, chronic obstructive pulmonary disease, depression, osteoporosis,
inflammatory bowel disease, coagulation, blood disorder and warfarin treatments,
cognitive impairment and the need for special home therapies34.

5083 individuals in MHS who performed a PCR test for SARS-CoV-2, had both
a documented primary care visit with recorded symptoms and filed a self-reported
symptoms survey. These individuals were included in both analyses. The medical
charts and self-reported symptoms of individual cases of COVID-19 patients were
reviewed by two physicians.

Statistical analysis. To analyze the dynamics of symptoms in COVID-19 cases
over time, we plotted the percentages of reported symptoms across different days
relative to the time of COVID-19 test. This was considered to be the first positive
PCR test result for COVID-19 cases and the first negative PCR test result of
negative COVID-19 cases. In addition, for positive COVID-19 cases, we analyzed
the prevalence of symptoms relative to the recovery date, which was considered as
the date in which a second consecutive negative PCR test result for COVID-19 was
recorded. These analyses were done separately for symptoms recorded in primary
care visits and those which were self-reported by participants through a survey.

Disease duration was calculated by the number of days from the date of the first
positive PCR test to recovery date. Recovery time was modeled with Cox
proportional hazards models. Odds ratios (OR) were calculated by a logistic
regression model. FDR was employed at the rate of 0.1 on the results. Adjusted OR
was further calculated by adjusting for gender, age, chronic medical condition, and
time (number of days since study initiation). IPW was applied by fitting a logistic
regression model for the probability of being tested (regardless of result).
Covariates used for this model were gender, age, chronic medical condition, time
(number of days since study initiation), and reported symptoms. The individual
probabilities were then used to inversely weight individuals in the logistic
regression model.

Time-to-event analyses are presented by Kaplan–Meier curves from the time in
which the symptom is self-reported or recorded in EHR to a positive PCR result.
Hazard ratios (HR) were calculated by Cox proportional hazards models, adjusted for
age, gender, presence of a chronic medical condition and time (number of days since
study initiation) to account for the time from symptoms onset to COVID-19 testing
results. For self-reported symptoms, IPW was applied to help address biases related to
those receiving testing. For both sources of information, two analysis schemes were
conducted. In the first scheme, all surveys/ primary care visits are analyzed together,
regardless of patient id (i.e., a patient with 4 different surveys will contribute 4 rows to
the analysis). In the second scheme, we weighted surveys/ primary care visits by their
number per individual (i.e., a patient with 4 different surveys will contribute 4 rows,
each with weight ¼ to the analysis). Results are presented in the figures and tables
below for the following different types of analysis.

All statistical analyses were performed using Python version 3. Logistic
regression was done using the statsmodels package. Time-to-event models were
constructed using Python and the lifelines package.

Ethics declarations. The study protocol was approved by Maccabi Health Services’
institutional review board (0024-20-MHS). Informed consent was waived by the
IRB, as all identifying details of the participants were removed before the com-
putational analysis.

Reporting summary. Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability
The data that support the findings of this study originate from Maccabi Health Services.
Restrictions apply to the availability of these data and they are therefore not publicly
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available. Due to restrictions, these data can be accessed only by request to the authors
and/or Maccabi Health Services. Data used for figures is available at https://github.com/
barakm-ki/Symptoms-dynamics-of-COVID-19-infection.

Code availability
Analysis code is available at https://github.com/barakm-ki/Symptoms-dynamics-of-
COVID-19-infection though it is tailored to the data and the fields of the Maccabi Health
Services database.

Received: 23 July 2020; Accepted: 9 November 2020;

References
1. She, J. et al. 2019 novel coronavirus of pneumonia in Wuhan, China: emerging

attack and management strategies. Clin. Transl. Med. 9, 19 (2020).
2. WHO Coronavirus Disease (COVID-19) Dashboard|WHO Coronavirus Disease

(COVID-19) Dashboard. https://covid19.who.int/. Accessed 10 July 2020.
3. Guan, W.-J. et al. Clinical characteristics of Coronavirus disease 2019 in

China. N. Engl. J. Med. https://doi.org/10.1056/NEJMoa2002032 (2020).
4. Mo, P. et al. Clinical characteristics of refractory COVID-19 pneumonia in

Wuhan, China. Clin. Infect. Dis. https://doi.org/10.1093/cid/ciaa270 (2020).
5. Zhou, F. et al. Clinical course and risk factors for mortality of adult inpatients

with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 395,
1054–1062 (2020).

6. Chen, N. et al. Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet
395, 507–513 (2020).

7. Wang, D. et al. Clinical characteristics of 138 hospitalized patients with 2019
novel Coronavirus-infected Pneumonia in Wuhan, China. JAMA 323,
1061–1069 (2020).

8. Huang, C. et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet 395, 497–506 (2020).

9. Yan, C. H. et al. Association of chemosensory dysfunction and COVID-19 in
patients presenting with influenza-like symptoms. Int. Forum Allergy Rhinol.
10, 806–813 (2020).

10. Shoer, S. et al. Who should we test for COVID-19? A triage model built from
national symptom surveys. medRxiv https://doi.org/10.1101/
2020.05.18.20105569 (2020).

11. Peyrony, O. et al. Accuracy of emergency department clinical findings for
diagnosis of coronavirus disease 2019. Ann. Emerg. Med. https://doi.org/
10.1016/j.annemergmed.2020.05.022 (2020).

12. Menni, C. et al. Real-time tracking of self-reported symptoms to predict
potential COVID-19. Nat. Med. 26, 1037–1040 (2020).

13. Madjid, M. et al. Potential effects of coronaviruses on the cardiovascular
system: a review. JAMA Cardiol. https://doi.org/10.1001/jamacardio.2020.1286
(2020).

14. Wong, S. H. et al. Covid-19 and the digestive system. J. Gastroenterol. Hepatol.
35, 744–748 (2020).

15. Asadi-Pooya, A. A. et al. Central nervous system manifestations of COVID-
19: a systematic review. J. Neurol. Sci. 413, 116832 (2020).

16. Sachdeva, M. et al. Cutaneous manifestations of COVID-19: report of three
cases and a review of literature. J. Dermatol. Sci. 98, 75–81 (2020).

17. Dong, Y. et al. Epidemiology of COVID-19 Among Children in China.
Pediatrics. 145, e20200702 (2020).

18. The Novel Coronavirus, Ministry of Health. https://www.health.gov.il/
English/Topics/Diseases/corona/Pages/default.aspx. Accessed 18 March 2020.

19. Rossman, H. et al. A framework for identifying regional outbreak and spread
of COVID-19 from one-minute population-wide surveys. Nat. Med. 26,
634–638 (2020).

20. Jiang, F. et al. Review of the clinical characteristics of Coronavirus disease
2019 (COVID-19). J. Gen. Intern. Med. 35, 1545–1549 (2020).

21. Tenforde, M. W. et al. Symptom duration and risk factors for delayed return
to usual health among outpatients with covid-19 in a multistate health care
systems network - United States, March-June 2020. MMWR Morb. Mortal.
Wkly Rep. 69, 993–998 (2020).

22. Allen, W. E. et al. Population-scale longitudinal mapping of COVID-19
symptoms, behaviour and testing. Nat. Hum. Behav. https://doi.org/10.1038/
s41562-020-00944-2 (2020).

23. Klein, H. et al. Onset, duration, and persistence of taste and smell changes and
other COVID-19 symptoms: longitudinal study in Israeli patients. medRxiv
https://doi.org/10.1101/2020.09.25.20201343 (2020).

24. Symptoms of Coronavirus|CDC at https://www.cdc.gov/coronavirus/2019-
ncov/symptoms-testing/symptoms.html. Accessed 5 July 2020.

25. Roberts, M. Coronavirus symptoms: UK adds loss of smell and taste to list.
BBC News. https://www.bbc.com/news/health-52704417 (2020).

26. The Israeli Ministry of Health Website. Coronavirus Symptoms at https://
govextra.gov.il/ministry-of-health/corona/corona-virus-en/corona-symptoms-
en/ Accessed 5 July 2020.

27. Chen, T. et al. Syncope, near syncope, or nonmechanical falls as a presenting
feature of COVID-19. Ann. Emerg. Med. 76, 115–117 (2020).

28. Tapé, C. et al. COVID-19 in a patient presenting with syncope and a normal
chest X-ray. R. I. Med. J. 103, 50–51 (2020).

29. Pfefferbaum, B. et al. Mental health and the Covid-19 pandemic. N. Engl. J.
Med. 383, 510–512 (2020).

30. Duan, L. et al. Psychological interventions for people affected by the COVID-
19 epidemic. Lancet. Psychiatry 7, 300–302 (2020).

31. Violán, C. et al. Comparison of the information provided by electronic health
records data and a population health survey to estimate prevalence of selected
health conditions and multimorbidity. BMC Public Health 13, 251 (2013).

32. Agniel, D. et al. Biases in electronic health record data due to processes within
the healthcare system: retrospective observational study. BMJ 361, k1479 (2018).

33. Maccabi Healthcare System. https://www.maccabi4u.co.il/1781-he/Maccabi.aspx.
Accessed 5 July 2020.

34. Yanover, C. et al. What factors increase the risk of complications in SARS-
CoV-2 positive patients? A cohort study in a nationwide Israeli health
organization. medRxiv https://doi.org/10.1101/2020.05.07.20091652 (2020).

Acknowledgements
We thank the following for their contributions to our efforts: Tomer Meir, Amir Gavrieli,
Tal Karady, Anastasia Godneva, Saar Shoer, Amit Lavon,, Dimitry Kolobkov, Iris Kalka,
Ori Cohen, Pini Akiva, Chen Yanover, Guy Amit, Irena Girshovitz, Esma Herzel, Brosh
Yinon, Smadar Rain, Sharon Hermoni Alon. H.R. is supported by the Israeli Council for
Higher Education (CHE) via the Weizmann Data Science Research Center and by a
research grant from Madame Olga Klein–Astrachan.

Author contributions
These authors contributed equally: Barak Mizrahi, Smadar Shilo, Hagai Rossman. B.M.,
S.S., and H.R. conceived the project, designed and conducted the analyses, interpreted the
results and wrote the manuscript. N.K. conceived and directed the project, designed and
conducted the analysis, K.M. designed and conducted the analyses, interpreted the
results and wrote the manuscript. N.S.S. and A.E.Z. provided and interpreted data. A.K.
interpreted the data. Y.B., V.S., G.C. directed the project, as well as provided the data, E.S.
conceived the project, designed and conducted the analyses, interpreted the results and
supervised the project and analyses.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41467-
020-20053-y.

Correspondence and requests for materials should be addressed to E.S.

Peer review information Nature Communications thanks the anonymous reviewers for
their contribution to the peer review of this work. Peer review reports are available.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2020

ARTICLE NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-20053-y

10 NATURE COMMUNICATIONS |         (2020) 11:6208 | https://doi.org/10.1038/s41467-020-20053-y | www.nature.com/naturecommunications

https://github.com/barakm-ki/Symptoms-dynamics-of-COVID-19-infection
https://github.com/barakm-ki/Symptoms-dynamics-of-COVID-19-infection
https://github.com/barakm-ki/Symptoms-dynamics-of-COVID-19-infection
https://github.com/barakm-ki/Symptoms-dynamics-of-COVID-19-infection
https://covid19.who.int/
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1093/cid/ciaa270
https://doi.org/10.1101/2020.05.18.20105569
https://doi.org/10.1101/2020.05.18.20105569
https://doi.org/10.1016/j.annemergmed.2020.05.022
https://doi.org/10.1016/j.annemergmed.2020.05.022
https://doi.org/10.1001/jamacardio.2020.1286
https://www.health.gov.il/English/Topics/Diseases/corona/Pages/default.aspx
https://www.health.gov.il/English/Topics/Diseases/corona/Pages/default.aspx
https://doi.org/10.1038/s41562-020-00944-2
https://doi.org/10.1038/s41562-020-00944-2
https://doi.org/10.1101/2020.09.25.20201343
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.bbc.com/news/health-52704417
https://govextra.gov.il/ministry-of-health/corona/corona-virus-en/corona-symptoms-en/
https://govextra.gov.il/ministry-of-health/corona/corona-virus-en/corona-symptoms-en/
https://govextra.gov.il/ministry-of-health/corona/corona-virus-en/corona-symptoms-en/
https://www.maccabi4u.co.il/1781-he/Maccabi.aspx
https://doi.org/10.1101/2020.05.07.20091652
https://doi.org/10.1038/s41467-020-20053-y
https://doi.org/10.1038/s41467-020-20053-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	Longitudinal symptom dynamics of COVID-19 infection
	Results
	Clinical manifestations of COVID-19 infection in adults
	Clinical manifestations of COVID-19 infection in children
	Dynamics of symptoms in COVID-19 patients
	Clinical manifestations of COVID-19 infection after recovery
	Variability in the clinical course of COVID-19 infection
	Associations between symptom reports and positive tests

	Discussion
	Methods
	Data
	Study outcome
	Study design and population
	Statistical analysis
	Ethics declarations

	Reporting summary
	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




