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Results of an early second PCR
test performed on SARS-CoV-2
positive patients may support risk
assessment for severe COVID-19

Barak Mizrahi®*, Maytal Bivas-Benita®, Nir Kalkstein', Pinchas Akiva', Chen Yanover?,
Yoav Yehezkelli'?, Yoav Kessler?, Sharon Hermoni Alon*, Eitan Rubin®7 & Gabriel Chodick®”’

Identifying patients at increased risk for severe COVID-19 is of high priority during the pandemic as

it could affect clinical management and shape public health guidelines. In this study we assessed
whether a second PCR test conducted 2-7 days after a SARS-CoV-2 positive test could identify
patients at risk for severe illness. Analysis of a nationwide electronic health records data of 1683
SARS-CoV-2 positive individuals indicated that a second negative PCR test result was associated with
lower risk for severe illness compared to a positive result. This association was seen across different
age groups and clinical settings. More importantly, it was not limited to recovering patients but also
observed in patients who still had evidence of COVID-19 as determined by a subsequent positive PCR
test. Our study suggests that an early second PCR test may be used as a supportive risk-assessment
tool to improve disease management and patient care.

The COVID-19 pandemic is continuing to spread, surpassing 222 M confirmed cases and 4.5 M deaths globally
as of September 2021'. Although survival rates have gradually improved by the development of successful treat-
ment protocols for moderate and severe patients, the disease continues to claim lives and containment is proven
difficult*®. Widespread severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) testing is regarded as
best practice for detection of infection and epidemiological surveillance. Strategies for detection and containment
of COVID-19 have evolved and now that testing has become more available it is performed both in community-
based sites and in hospitals. Multiple testing following exposure and diagnosis of COVID-19 patients has been
used to evaluate infectiousness and assure resolution of infection, especially considering the known silent spread
by infected individuals that are asymptomatic’-'2.

Current SARS-CoV-2 infection is mostly tested using reverse transcription quantitative polymerase chain
reaction (RT-qPCR) based assays of viral genes, determining presence of viral genetic signatures'*~'>. This test is
highly specific, resulting in minimal false-positive rates and is considered the most accurate COVID-19 diagnosis
method'®!”. However, a positive PCR test is unable to report the exact disease timeline of the patients, detect
whether they are still infectious or determine what will be the severity of their disease. It was therefore suggested
that frequent testing serves as a surveillance approach to enable better detection of the infectious window and
disease course'®.

While multiple SARS-CoV-2 PCR tests from nasopharyngeal swabs in short time intervals may complement
the current diagnostic tests and draw a more complete clinical timeline of SARS-CoV-2 infected individuals, it
is important to realize the considerable rates of false-negative results in SARS-CoV-2 positive patients'. False-
negative results can be due to technical errors during sample collection or assay execution but may also appear
due to low viral load resulting in RNA levels under the detection limit?’. Other reports showed that COVID-19
recovered patients (who tested positive and then presumed recovered by subsequent negative tests) could be
SARS-CoV-2 positive again. This highlighted that negative test results can appear during the disease timeline
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Characteristic

All individuals n=239,048
(100%)

SARS-CoV-2 negative n=223,226
(93.4%)

SARS-CoV-2 positive n=15,822
(6.6%)

SARS-CoV-2 positive with
tests within the SARS CoV-2
“positive window™ n=3135

Age, years+SD

44.1+18.6

443+18.7

40.6+17.1

433+18.7

tion)

Number of males (% of popula-

103,231 (43%)

94,933 (43%)

8298 (52%)

1719 (55%)

Average number of tests per

ST 1.57+1.34 147+1.19 3.00£2.29 6.07+2.44
individual

Total number of tests 375,558 328,159 47,399 19,025
Number of tests after infection 27,796 15,289

Table 1. Baseline characteristics of study cohort of SARS-CoV-2 tested individuals. *“Positive window” refers
to the COVID-19 positive period in individuals who had additional NP PCR tests between their first and last
documented positive SARS-CoV-2 tests. SD Standard Deviation.

# of patients with severe Probability to develop severe
Age (yrs) | # of patients with positive test | condition condition (%) 95% CI
18-59 13,478 134 0.99 [0.83-1.16%]
60-79 1939 158 8.15 [6.98-9.32%]
80-100 405 124 30.62 [26.69-34.54%)
All 15,822 416 2.63 [2.38-2.88%]

Table 2. Age stratification of risk for deterioration in SARS-CoV-2-positive patients.

but not necessarily determine infection resolution®'. While multiple testing may unfold the disease timeline, it
is unclear whether it could indicate disease severity following COVID-19 diagnosis.

To evaluate whether additional testing following diagnosis could assess probability for severe illness, we
analyzed electronic health records (EHR) from Maccabi Healthcare Services (MHS), the second largest Health
Maintenance Organization (HMO) in Israel, which included longitudinal results of SARS-CoV-2 testing during
the COVID-19 outbreak. Our study investigated the association between PCR results of a second test performed
2-7 days after a positive COVID-19 diagnosis and deterioration to severe disease. We analyzed different age
groups, different clinical settings and patients at different stages in their disease timeline with the aim of sup-
porting physicians’ risk assessment early for providing appropriate care to those at risk.

Results

Data from March 1, 2020 to August 9, 2020 included 239,048 adults with records of a nasopharyngeal (NP)
SARS-CoV-2 PCR test, among them 15,822 (6.6%) tested positive for the virus (Table 1). Tested individuals had
an average age of 44.1 years and males were 52% of those tested positive. Among those tested positive, we identi-
fied 1,683 individuals who also had a second PCR test performed 2-7 days following diagnosis and their disease
outcomes were analyzed throughout our study. Another subpopulation we explored was of 3,135 adults who
had additional multiple PCR tests between their first and last documented positive SARS-CoV-2 test (defined
as a SARS-CoV-2 “positive window”; see in “Methods” section).

The probability to develop a severe disease was evaluated in the study’s population stratified to three age
groups: 18-59, 60-79 and > 80 (Table 2). The overall probability to develop severe COVID-19 was 2.63% in the
adult population. The probability of the 18-59 years old age group to deteriorate to severe condition was 0.99%
(95% confidence interval (CI) 0.83-1.16%). The high-risk population of adults older than 60 years showed
increased probability to develop severe COVID-19 with a substantial difference between the age groups 60-79
and > 80 years old (Probability =8.15% (6.98-9.32%) and 30.62% (26.69-34.54%), respectively).

Clinical implications of a second testing following a SARS-CoV-2 positive PCR test. To evaluate
whether an early second NP PCR test is indicative of clinical outcomes of COVID-19 we analyzed the clinical
outcomes of SARS-CoV-2 positive individuals who had a second PCR test done within a week from the first
positive test. Our analysis showed that a negative test result in the second test was correlated with a lower prob-
ability to deteriorate to severe COVID-19 in all age groups compared to a positive test (Fig. 1a; full results are
presented in Supplementary Tables 1-3). In the > 80 years age group, a second positive test presented the highest
probability for deterioration followed by the 60-79 and the 18-59 years age groups (41.76% (31.63-51.89%),
19.62% (13.43-25.81%) and 3.53% (2.08-4.97%), respectively). We also measured the probabilities for severe
illness among individuals who were not tested a second time to assess if a bias towards a more severe outcome
existed in those who tested. The probabilities for severe illness in patients not-tested a second time followed the
same trend as those who tested (29.45% (24.07-34.84%) in the > 80 years age group; 7.23% (5.99-8.47%) in the
60-79 years and 0.87% (0.70-1.03%) in the 18-59 years).
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Figure 1. Deterioration probability and odds ratio analysis for SARS-CoV-2 positive individuals following

a second NP PCR test. (a) Probability for severe COVID-19 in infected individuals tested a second time

within the first week following diagnosis. Blue circles represent individuals who tested negative, orange circles
represent individuals who tested positive and green circles represent individuals who were not tested in the week
following diagnosis. Grey lines indicate 95% confidence intervals. (b) Log odds ratio (OR) for severe COVID-19
was calculated by the result of a second PCR test taken up to a week following diagnosis in a defined age group
(18-59 years, n=1287; 60-79 years, n=266;> =80 years, n=130). OR >0 indicated larger risk in the population
that tested positive compared to the population tested negative. Calculated log odds ratios are presented along
with gray lines indicating 95% confidence intervals.

Despite the differences in the probability rates for deterioration in each age group, a positive test was highly
associated with deterioration to severe COVID-19 compared to negative test across all age groups (Fig. 1b; Sup-
plementary Table 4). Odds ratio analysis in adults > 80 years [odds ratio (OR) =5.36 (1.90-15.16)], in 60-79 years
[OR=4.31(1.72-10.78)] and in 18-59 years [OR=3.94 (1.59-9.79)] demonstrated the ability of the second early
PCR test to distinguish between individuals at higher risk for clinical deterioration and those who will experi-
ence a milder disease.

A negative NP SARS-CoV-2 PCR test result following COVID-19 diagnosis is associated with
better outcomes in both hospital and community settings. Next, we investigated whether the asso-
ciation of the second test result with disease deterioration was dependent on the testing settings. We therefore
subgrouped the SARS-CoV-2-positive patients to those tested the second time while admitted to the hospital
vs those tested in the community and measured their outcomes (Fig. 2). Furthermore, following the previous
observations that the population > 60 years is at an increased risk for severe disease and a second PCR test could
differentiate between those who will deteriorate, additional analysis on this age subgroup was included (com-
bining the data of both 60-79 and >80 years old populations). Within the subgroup of hospitalized patients,
24.8% of adults>18 and 48.5% of>60 years old had a second PCR test performed within a week following
diagnosis (Supplementary Tables 5,6). The risk for deterioration to severe illness in hospitalized patients was
higher than in patients tested in the community and the older population was at increased risk in both set-
tings (For all adults > 18 years (Fig. 2a): Probability in the hospital =22.3% (18.31-26.30%) vs Probability in the
community = 1.18% (0.59-1.78%); For > 60 years (Fig. 2c): Probability in the hospital = 34.9% (29.09-40.70%) vs
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Figure 2. Probability analysis for COVID-19 deterioration following a second NP SARS-CoV-2 PCR test in
different clinical settings. (a) Probability of infected adults (>=18 years old), tested a second time within the

first week following diagnosis in the hospital and in the community, to deteriorate to severe COVID-19. Brown
circles represent individuals with a second test a week following diagnosis, blue circles represent individuals
who tested negative, orange circles represent individuals who tested positive. Grey lines indicate 95% confidence
intervals. (b) Log odds ratio (OR) for severe COVID-19 was calculated by the result of a second PCR test taken
a week following diagnosis in the hospital and in the community. OR> 0 indicated larger risk in the population
that tested positive compared to the population tested negative. Calculated log odds ratios are presented along
with gray lines indicating 95% confidence intervals. (c) Probability analysis for individuals > 60 years old. (d)
Log odds ratio (OR) for severe COVID-19 for individuals > 60 years old.

Probability in the community =6.37% (3.12-9.62%)). However, the result of the second SARS-CoV-2 PCR test
was indicative for severe disease outcome in both settings with higher odds ratio in the community (OR=13.49
(1.72-105.56) for all adults (Fig. 2b); OR=10.47 (1.31-83.67) for>60 years (Fig. 2d; Supplementary Table 7))
compared to the hospital (OR=1.91 (1.02-3.57) for all adults; OR=2.31 (1.03-5.15) for > 60 years). These obser-
vations highlighted that the second early PCR test result had clinical implications in COVID-19 diagnosed
individuals, in both hospital and community settings, and that a negative test result was associated with lower
probability for clinical deterioration.

An early second negative NP PCR test in patients that did not recover, as determined by a suc-
cessive positive test, is indicative of disease timeline and associated with better disease out-
comes. Following confirmation of infection by a positive PCR test result, a “positive window” was detected
in some patients, which is defined as the period between their first and their last positive test (from diagnosis
date to the last positive test). To evaluate whether negative test results were still associated with better clinical
outcomes, we analyzed data of adult patients with a “positive window” that included additional tests in it. A total
of 5823 tests from 3094 patients with a “positive window” of up to 3 weeks following diagnosis was followed, of
those, 1799 (30%) were negative (Fig. 3; Supplementary Table 8). Higher negative test rates were observed the
farther they were taken from the date of diagnosis, starting with 4.3% (0.6-7.9%) on the first day from diagnosis
and reaching 42.0% (35.0-48.9%) by day 21. This increase in negative rate is seen despite being in a “positive
window” and is affected by the time from diagnosis.

Negative COVID-19 test results within a “positive window” are considered insignificant as they do not reflect
recovery from COVID-19. To evaluate whether an early second test was indicative of disease severity even in
patients which we retrospectively knew had additional SARS-CoV-2-positive test, we analyzed 687 patients with
a “positive window” and a second early PCR test (Fig. 4; Supplementary Tables 9,10). We analyzed all patients
who tested positive and divided them to those with a “positive window” and those without for comparison.
Data showed that an early second negative test result in patients with a “positive window” was associated with
decreased probability for severe illness compared to a second positive test result (>18 years (Fig. 4a): 3.2%
(1.2-6.3%) vs 10.5% (8.0-13.0%); = 60 years (Fig. 4c): 8.3% (0-19.4%) vs 26.6% (19.7-33.5%)). The associa-
tion of a second negative test with decreased probability for severe illness was also seen in patients without the
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Figure 3. Negative rate of NP SARS-CoV-2 PCR tests following a positive COVID-19 diagnosis within a
“positive window”. Prevalence of negative test results in the population of adult individuals with a positive
COVID-19 window, defined between the first and last positive test results taken. Line represents the negative
tests rate from day 1 to day 21 following a positive COVID-19 diagnosis. Each time point is calculated by
taking a 3 days window (+ 1 days from day measured) except in the first day which was taken as is. Shaded area
represents 95% binomial proportion confidence intervals.
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Figure 4. Probability analysis for disease deterioration following an early second NP SARS-CoV-2 PCR test

in SARS-CoV-2 infected individuals with a “positive window”. (a) Probability of infected adults > 18 years with
a “positive window” tested a second time within the first week following diagnosis to deteriorate to severe
COVID-19. Blue circles represent individuals who tested negative, orange circles represent individuals who
tested positive and green circles represent individuals who were not tested in the week following diagnosis.
Grey lines indicate 95% confidence intervals. (b) Log odds ratio (OR) for severe COVID-19 was calculated by
the result of the early second PCR test in patients with a “positive window” and without. OR> 0 indicated larger
risk in the population that tested positive compared to the population tested negative. Calculated log odds
ratios are presented along with gray lines indicating 95% confidence intervals. (c) Same probability analysis for
individuals > 60 years old. (d) Log odds ratio (OR) for severe COVID-19 for individuals > 60 years old.
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Figure 5. Mapping the best timing to perform the second NP PCR test to assess risk for disease deterioration
following COVID-19 diagnosis. Probability for deterioration to severe COVID-19 in SARS-CoV-2 positive
individuals who tested a second time within the first week following their diagnosis. Adult patients were
stratified according to the day in which the second test was performed during the first week post diagnosis. Blue
circles represent individuals who tested negative and orange circles represent individuals who tested positive.
Grey lines indicate 95% confidence intervals.

“positive window”. In the adults > 18 years age group, the risk for disease deterioration in the individuals without
an early second test was quite similar to that of those who tested negative, while in the > 60 years age group it was
slightly higher as it includes those who will become severe but have not tested a second time. An early second
SARS-CoV-2 PCR test result was indicative of severe disease outcome in patients with a “positive window” and
in patients without it in both age groups, presenting similar OR values (Fig. 4b,d; Supplementary Table 11).
These results show that a second negative test in SARS-CoV-2 positive individuals is indicative for decreased
probability of disease deterioration whether the patient is in a “positive window” or not.

Optimal timing for a second NP SARS-CoV-2 PCR assessing risk of severe COVID-19 starts at
the second day following diagnosis. Our results suggest that a second SARS-CoV-2 test performed in
the week following diagnosis could serve as a tool to identify COVID-19 patients at higher risk of developing a
severe condition. In order to estimate the best timing to perform the second PCR test, we analyzed test results
performed on all adults > 18 years old every day of the first week and their ability to significantly distinguish
between those at a higher risk for severe outcomes (Fig. 5). Data showed that from day 2, and throughout the first
week following the first SARS-CoV-2 positive test result, a negative PCR test result was significantly associated
with a lower probability for severe disease outcome compared to a positive test result (p <0.05; Supplementary
Table 12).

Discussion

This study explored the clinical implications of a second NP PCR testing in SARS-CoV-2 infected individuals
utilizing EHR data from the second largest HMO in Israel. We analyzed retrospective data starting March 2020,
while guidelines for testing were not yet well defined and multiple testing of some individuals were performed
in order to understand the clinical course of the SARS CoV-2 infection better. Our analysis demonstrated that a
second SARS-CoV-2 PCR test performed 2-7 days from diagnosis, was able to indicate clinical risk of deteriora-
tion to severe illness. These findings could motivate a prospective study using a second PCR test as a supportive
risk assessment tool and supplement the analysis with cycle threshold (Ct) values to more accurately map the
disease timeline.

Focusing on the population that had a second test within a week of a positive SARS-CoV-2 result enabled us
to investigate whether testing within a short time interval from diagnosis could give indication to future clinical
outcomes and assist physicians in disease management of their patients. As time from exposure to symptom
onset is 4-5 days and in symptomatic patients’ disease worsens within 5-10 days from symptom onset*>*, we
focused on additional testing within the first week of diagnosis. This is before patients’ clinical course becomes
clear and those without severe symptoms are sent home for quarantine, away from medical observation. In
agreement with current knowledge regarding risk factors for severe outcomes®*-?°, our data showed that the
probability of deteriorating to severe COVID-19 was age-dependent and was most substantial in adults older
than 60 years. While adults under 60 years presented 0.99% probability of deterioration, adults aged 60-79 years
and > 80 years presented much higher probabilities, 8.15% and 30.62%, respectively. Despite the basic probability
differences, a second SARS-CoV-2 test was significantly associated with subsequent deterioration to severe illness
at all ages (OR =4 for 18-59 years, OR=4.15 for 60-79 years and OR =4.88 for adults > 80). These observations
demonstrate that a second SARS-CoV-2 test may point to patients who will more likely deteriorate to a severe
clinical condition.

While hospitalized patients present worse symptoms and have more severe outcomes than patients man-
aging their illness at home, it was important to understand whether the second test result was dependent on
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the clinical settings at the time of testing. Although there were differences in the probability for severe disease
and hospitalized patients were more likely to experience severe outcomes, the second SARS-CoV-2 PCR test
was able to identify patients at increased risk for clinical deterioration in both settings. The test result in the
second PCR was significantly indicative of severe COVID-19 in patients admitted to the hospital (In adults:
OR=2.06 (1.14-3.7), p=0.016; In > 60 years: OR=2.4 (1.11-5.2), p=0.027) and even more so in patients in the
community (In adults: OR=17.56 (2.30-133.93), p=0.006; In > 60 years: OR=12.92 (1.64-101.2), p=0.015).
This demonstrates not only the possible utility of a second PCR test by physicians in both settings, but also the
significant value such a test can offer in the community settings to support a more informed clinical decision-
making. Previous reports have shown that viral dynamics in patients with mild and severe disease differed and
that patients with severe illness had higher viral loads and prolonged virus shedding periods compared to mild
cases, which were associated with poor outcomes”?°. This analysis may explain our observations as they report
peak viral loads in the second week from disease onset in mild cases while the severe cases show continuous
high viral loads at the third and fourth week following disease onset. It has therefore been suggested that detec-
tion and quantification of viral RNA levels could aid risk-stratification of hospitalized patients®**. Other efforts
are continuously directed towards building tools for predicting disease deterioration of hospitalized patients
using lungs CT, biomarkers, blood tests values, respiratory values and vital signs*'~*. Currently, none of these
approaches are focusing on aiding patients stratification while not in the hospital. Using a second PCR test as a
measure to assess deterioration risk could assist in risk-stratifying patients and orchestrating care in both settings
and with the simple PCR analysis output of positive/negative. In patients tested positive for the second time in
a hospital setting, adjustment of clinical measures may include a closer testing and monitoring schedule and
earlier treatment measures to prevent deterioration while a negative test could be the first indication of clinical
improvement. Similarly, in the community, a second positive test can support physicians’ decisions in prescribing
specific home care, maintaining close medical surveillance and regular updates in case hospitalization will be
needed in the following days. In the case of high-risk populations with second positive test, analyzing the PCR
Ct values could be added to introduce a more quantifiable approach to assess viral load dynamics and indicate
disease severity more accurately. A negative test within the first week from the first positive PCR test could give a
crude indication, even in the older at-risk population, that the patient is at lower-risk to develop a severe disease
and guide clinical management accordingly.

An important observation in our data was that even during a patient’s SARS-CoV-2 PCR positive period,
when disease is not considered resolved yet, additional tests performed between the first and the last positive
PCR tests were indicative of clinical outcome. A second negative PCR result was associated with lower probability
to develop severe COVID-19 compared to a positive result and compared to the risk seen in individuals tested
positive once and with no subsequent tests. This unique analysis was available to us as vague testing policy in
Israel at the beginning of the pandemic resulted in multiple testing of SARS-CoV-2 PCR positive individuals.
This created a cohort of patients who were tested longitudinally during the period of viral infection. Negative
test results during this period may reflect recovered or non-recovered patients with fluctuating viral RNA levels,
nevertheless, our data demonstrates they correlated with better clinical outcomes. Explanations for this obser-
vation may include a lower viral load during the disease timeline, efficient immune response against the virus
and possible disease resolution. This phenomena of fluctuating viral loads had been previously demonstrated in
patients with an active SARS-CoV-2 infection, resulting in alternating positive and negative test results, most
probably as they approach detection limit***¢-*, This study shows that PCR tests can be utilized close to diagnosis
for risk assessment and that a negative test result during an active SARS-CoV-2 infection has clinical implications
and indicates a milder disease course.

Second PCR testing was able to distinguish between those at higher risk and those at lower risk of deterio-
ration in most days during the first week following the first positive SARS-CoV-2 PCR test. The differences in
risk for COVID-19 deterioration were first seen at day two following the positive test and continued through
day seven. This observation is highly valuable and could prove useful in clinical settings, when patients are just
diagnosed and the physicians need to decide quickly what is the best treatment course, without knowing the
patients’ exact disease timeline and what would be the subsequent severity of their illness. An early second PCR
test, 2—4 days following the first positive test, may serve as an additional deterioration risk assessment tool for
severe COVID-19 before patients start deteriorating and support timely medical care. It may assist treatment
decisions such as hospitalization vs home care, frequency of clinical monitoring at the community/home and
serve as a preliminary alert for physicians of patients at risk of developing a severe COVID-19. A prospective
study is planned to evaluate the effect of a second SARS-CoV-2 testing on hospitalizations, home-care and treat-
ment approaches in infected COVID-19 individuals.

Our study has several strengths. First, this unique dataset with longitudinal multiple testing following a posi-
tive SARS-CoV-2 test result was available as a result of how COVID-19 response in Israel shaped. At the begin-
ning of the pandemic, Israeli citizens could request a COVID-19 test through multiple channels: the national
corona focal point, their general practitioner, directly from their HMO or while visiting the ER in the hospitals.
As these systems were not synchronized, individuals were able to get tested several times in short intervals close
to the date of diagnosis until concrete national guidelines demanded a reference by the physician for COVID-19
test. Another reason for the availability of multiple testing data is that until mid-July 2020, a SARS-CoV-2 posi-
tive individual needed 2 consecutive negative tests in order to end isolation, which added longitudinal frequent
testing and the ability to detect a “positive window” of individuals with COVID-19. Second, we used HMO data
containing all the patients diagnosed with COVID-19 and analyzed results of all tests that were done both in the
hospitals and in the community. This makes this study and its conclusions relevant for the general population
and valid in the different settings where COVID-19 patients are cared for. Validating the analysis in the different
subgroups and observing repeatedly that a second PCR test is indicative of the probability for severe outcomes
increased the confidence in these findings.
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Our study also has several limitations. First, we were unable to determine what was the reason for the multiple
PCR tests performed by the individuals. The additional tests were not done by all SARS-CoV-2 positive patients
documented in Maccabi Health Services. Within the week following a positive test we had results of a second PCR
test for 10% of the patients 18-59 years old, 14% for ages 60-79 and 32% for patients older than 80. To control
for a potential bias, we also analyzed all the patients who tested positive and did not have an early second PCR
test. Their risk for severe condition was in the range of those who tested positive/negative the second time within
a week from diagnosis. Second, the guidelines for COVID-19 testing in Israel had changed several times during
the study period and the inconsistent reasons and frequency for SARS-CoV-2 PCR testing may affect our results.
Third, the testing data used in this study was not analyzed in conjunction with symptoms data or PCR Ct values,
or pre-analytic factors and therefore, accurate disease timelines were not available. This analysis focused on a
clinical applicable interpretation of a second PCR testing within a week following the first positive SARS-CoV-2
test as an additional finding for patient risk assessment. Furthermore, it is reasonable to assume that the actual
probabilities for disease deterioration might change according to geographics, disease burden and covariates.
The data analyzed in this study originated between March and August 2020 and many parameters have changed
since then such as definitions of disease severity and patient management. Additionally, the global immunity
has changed due to vaccination campaigns and appearance of new SARS-CoV-2 strains, changing viral kinetics
and disease course. It is therefore possible to assume that the ability to replicate these results will be limited and
might affect the interpretation presented here in current and future COVID-19 waves. We believe that within a
verified infection setting of an individual, a second test performed within a week following the first PCR test could
still be useful in assessing risk for severe illness despite the emergence of new strains and increased population
immunity, however, this should be evaluated in the specific setting it is implemented in.

In conclusion, this study explored a new application for multiple NP SARS CoV-2 PCR testing. While current
multiple testing approaches aim to detect COVID-19 early, prevent transmission, contain it and reduce morbid-
ity and mortality, we suggest that additional PCR testing could be used in the clinic as an early, wide-spread
complementary tool for risk assessment and subsequent appropriate disease management. This could direct
appropriate resources and guide treatment and isolation of patients at risk.

Methods

Data. Data in this study originated from Maccabi Healthcare Services (MHS) which is the second larg-
est active HMO in Israel. As participation in a medical insurance plan is compulsory in Israel and all citizens
must join one of four official Israeli HMOs, there is longitudinal health data on most Israeli citizens. MHS data
includes 2.3 million insured citizens starting 1993, with annual attrition rate lower than 1%. The dataset we ana-
lyzed here included demographic data, SARS-CoV-2 test results and clinical surveillance in community clinics
and hospitals.

Study outcome. COVID-19 patients were defined as those tested positive in a SARS-CoV-2 polymerase
chain reaction (PCR) test obtained from nasopharyngeal (NP) swabs. The severe COVID-19 cohort included
patients whose disease status was categorized as “severe COVID-19” in their medical record, admitted to the
intensive care unit or died as updated by hospital staft. The defition of severe COVID-19 was dictated nation-
ally by the Israeli Ministry of Health and was implemented by the hospitals. Symptomatic patients exhibiting
the characteristics symptoms of fever above 38 degrees celcius, cough, fatigue and loss of smell and taste were
evaluated for disease severity. Severe disease definition included one or a combination of the following: blood
oxygen levels lower than 92% (adapted in July 2020 to 93%), respiration rate higher than 24 breaths per minute
(adapted in July 2020 to 30 breaths per minute) and PaO2/FiO2 <300. SARS-CoV-2-positive patients that were
not reported with a severe disease status, including asymptomatic, mild patients or with unknown status, consti-
tute the cohort of infected COVID-19 patients that did not deteriorate to severe condition.

Study design and population. We analyzed data of individuals from MHS, who had at least one PCR test
for SARS-CoV-2 between March 1, 2020 and August 9, 2020. Samples were collected from 239,048 individuals
using NP swab and tested for SARS-CoV-2. Overall, 375,558 PCR tests for SARS-CoV-2 were performed during
this time period. Patients with COVID-19 infection were identified as those having at least one record of a posi-
tive SARS-CoV-2 PCR test in their MHS EHR. Individuals negative to COVID-19 infection were considered as
such if all their laboratory tests for SARS-CoV-2 were negative. In total we had 15,822 patients with at least one
positive test.

This study focused on a population of confirmed COVID-19 patients who performed additional PCR tests
following diagnosis. There were a total of 27,796 additional tests performed on 9,021 SARS-CoV-2-positive
individuals. Among them, 1683 patients had a second PCR test in the first week (2-7 days) following diagnosis.
This population was evaluated for its association with COVID-19 severity.

COVID-19 “positive window” was defined as the time between the first and the last positive PCR tests during
a SARS-CoV-2 infection. Patients with at least two positive SARS-CoV-2 PCR tests and at least one additional
test between them were defined as patients with a COVID-19 “positive window”. We identified 3,135 adults with
a “positive window” and used this sub-population to analyze whether an early second negative PCR test could
be associated with the patients” disease severity, even during an active infection period.

Data of COVID-19 patients from the hospitals included hospitalization date, disease severity indication
including ICU admission and death. Out of the 15,822 infected patients, 416 (2.63%) had severe outcomes dur-
ing this study period. We used hospitalization data to define the patients’ outcomes and to determine whether
the PCR test was performed during hospitalization or in the community.
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Statistical analysis. For analyzing the association between the NP SARS-CoV-2 PCR result of the second
test taken after diagnosis and severe outcomes, we included the first PCR test result from days 2-7 following
diagnosis date (which was determined by the first positive SARS-CoV-2 PCR test). The risk for severe outcome
was calculated for subgroups divided by the occurrence and result of the additional test (positive test, negative
test and not tested). In addition, we calculated the odds ratio for severe outcomes for positive and negative PCR
test results in the different age groups. Odds ratios (OR) were calculated by a logistic regression model, included
multivariate analysis and were adjusted for previous comorbidities using R version 3.5.2*!. The comorbidities
used in the multivariate analysis were 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 Coumadin treatments,
cognitive impairment and the need for special home therapies.

We further analyzed the connection between the additional test and whether the test was performed during
hospitalization or in the community, for that we used the date the patient entered the hospital and the date of
the additional test.

Next we analyzed negative tests within a “positive window” which was defined for patients with at least 2
positive tests, the window range was from the first positive test to the last positive test, we analyzed the results
of the tests in this window with relation to the distance in days from the start of the window. For each day we
calculate the fraction of negative tests. In this and the clinical settings analyses we adjusted for age in addition
to previous co-morbidities.

To find the relevant days that show significant difference in predicting deterioration to severe outcome we
run the analysis for each day taking the test if it was the first one during one week from the first positive test. We
used one sided Fisher’s exact test to compute p-value.

Ethics declarations.  All methods were carried out in accordance with relevant guidelines and regulations.
The study protocol was approved and informed consent was waived by Maccabi Health Services’ institutional
review board (0024-20-MHS: Creating new tools for optimal management of Covid-19). Study guidelines
involved minimal risk and did not adversely affect the rights and welfare of the subjects. It included retrospec-
tive, de-identified analysis of the characteristics of COVID-19 infected individuals, predicting disease severity
and creating decision support tools to identify patients at risk of COVID-19 complications. All investigators that
were involved in the current study performed GCP training for human subjects studies and had a completion
certificate in effect.

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 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 git
https://github.com/barakm-ki/early-second-PCR-test-may-indicate-risk-for-severe-COVID-19.

Code availability
Analysis code is available at git https://github.com/barakm-ki/early-second-PCR-test-may-indicate-risk-for-
severe-COVID-19 though it is tailored to the data and the fields of the Maccabi Health Services database.
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