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A B S T R A C T

Objective: The real-time polymerase chain reaction (RT-PCR) test is recommended for the diagnosis of
COVID-19 and provides a powerful tool to identify new infections and facilitate contact tracing. In fact, as
the prevalence of COVID-19 decreases, this RT-PCR testing remains as the main preventive measure to
avoid rebound. However, inconsistent results can lead to misdiagnoses in the clinic. These inconsistencies
are due to the variability in (1) the collection times of biological samples post infection, and (2) sampling
procedures.
Methods: We applied the Kaplan–Meier method and multivariate logistic regression on RT-PCR results
from 258 confirmed patients with COVID-19 to evaluate the factors associated with negative conversion.
We also estimated the proportion (%) of negative conversion among patients who had tested twice or
more, and compared the proportions arising from oropharyngeal swabs, sputum, and combined double
testing, respectively.
Main results: The proportion of negative conversion was 6.7% on day 4, 16.4% on day 7, 41.0% at 2 weeks,
and 61.0% at 3 weeks post-admission. We also found that 34.1% and 60.3% of subjects had at least one
negative RT-PCR result on days 7 and 14 after the onset of symptoms, respectively. The proportion of
negative conversions following sputum testing was higher than that from oropharyngeal swabs in the
early stages but this declined after the onset of symptoms.
Conclusion: In the absence of effective treatments or vaccines, efficient testing strategies are critical if we
are to control the COVID-19 epidemic. According to this study, early, consecutive and combined double
testing, will be the key to identify infected patients, particularly for asymptomatic and mild symptomatic
cases. These strategies will minimize misdiagnosis and the ineffective isolation of infected patients.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

The epidemic of novel coronavirus disease 2019 (COVID-19)
continues to pose a serious risk to public health and was
recognized as a pandemic by the World Health Organization
(WHO) on March 11, 2020 (Baloch et al., 2020). Despite over 10
million infections and more than 2,000,000 deaths globally as of
February 1, 2021 (China Global Television Network, 2020), the
number of infected patients has dramatically decreased in some
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local areas and countries. In these regions, the prevention and
disease control policy has shifted from the diagnosis of endemic
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nfections to the identification of newly imported COVID-19 cases,
ith stringent contact tracing to prevent follow-up transmission.
herefore, early diagnosis, with low false negative rates to prevent
isdiagnosis, are crucial if we are to successfully identify infected

ndividuals for isolation and prevent rebound epidemics (Yi et al.,
020).
There have been several rebound epidemics in several hot-spot

ities or provinces over recent times, thus reminding us that the
attle is far from over, and is likely to remain a threat. COVID-19,
ith an R0 of 1.4–6.9 (Liberty et al., 2020), posts a significant
hallenge to complete and stringent patient identification,
specially asymptomatic patients who can shed the virus and
ontribute to the transmission of SARS-CoV-2. Therefore, the
dentification of these viral carriers is extremely important, even if
OVID-19 is well controlled in China, with most businesses and
chools reopened nationwide. Notably, different from influenza
iruses and community-acquired human coronaviruses, SARS-
oV-2 exhibits a high virus load during the early phases of illness,
rior to efficient testing (To et al., 2020; Wölfel et al., 2020). The
eal-time polymerase chain reaction (RT-PCR) testing of respirato-
y specimens is recommended as the virologic criterion for
iagnosis and the outcome evaluation of treatments (Zhao et al.,
020). However, RT-PCR cannot detect the SARS-CoV-2 virus in 30%
f patients, and has demonstrated inconsistent test results due to
iological sample variability in the timing of sample collection
ost-infection and sampling procedures (Zhang et al., 2020; Young
t al., 2020; Wang et al., 2020). It is therefore crucial that we
nderstand when and how patients should be tested by RT-PCR to
dentify their infection status with the SARS-COV-2 virus. In the
bsence of effective specific antiviral therapies or vaccines, the
apid and efficient identification of new infections, contact tracing,
nd quarantine, are the most effective strategies against local
ebound epidemics, such as in China, Singapore, and Korea.

Herein, we carried out a cohort study among confirmed patients
n Beijing Ditan Hospital. Our goal was to demonstrate the impact
f sample collection timing and procedures for RT-PCR testing and
he diagnosis of COVID-19 patients.

ethods

linical characteristics and laboratory procedures

Our study included all patients with confirmed COVID-19 that
ere admitted to the Beijing Ditan Hospital with symptoms
etween January 20 and April 17, 2020. In total, we enrolled 258
onfirmed cases, corresponding to 44% of the confirmed patients in
eijing.
Clinical samples, including oropharyngeal swabs or sputum

pecimens, were collected at multiple timepoints for RT-PCR
esting in accordance with the Chinese guidance on infection
revention and control in healthcare settings (World Health
rganization, 2020). A cycle threshold value less than or equal to
8 in at least one gene was interpreted as positive (Chan et al.,
020; Zhu et al., 2020).

tatistical analysis

Continuous variables are expressed as medians and interquar-
ile ranges (IQR) as appropriate. Categorical variables are summa-
ized as the numbers and corresponding percentages in each

until patient discharge or follow-up date. We also applied
multivariate logistic regression to evaluate the potential factors
associated with the duration of negative conversion among
discharged patients (>14 days vs. �14 days). We also provided
odds ratio (OR) and corresponding 95% confidence intervals (95%
CIs).

It is known that some COVID-19 patients produce inconsistent
laboratory testing results prior to negative conversion, particularly
from oropharyngeal swabs. Therefore, we estimated the propor-
tion of patients with a negative RT-PCR test; this was defined as the
number of patients with a negative RT-PCR result divided by the
total number of patients who were tested twice during the study
period.

To evaluate the performance of RT-PCR with regards to
oropharyngeal swabs and sputum, we estimated the proportions
of the RT-PCR testing results by oropharyngeal swab, sputum
specimens, and combined double testing, within the 21 days of
each patient from the 1st day (the 2nd day of time origin). This was
because only a subset of patients was independently tested by
oropharyngeal swabs or sputum specimens each day. To estimate
the proportions of the RT-PCR testing results, we normalized the
data to the total number of patients tested each day and assumed
identical proportions for the results. The positive result of
combined double testing was defined as either test (oropharyngeal
swab or the sputum specimen) being positive within 24 h. True
negative results were defined as recovered patients who converted
to be negative and remained negative on all subsequent tests.

All analyses were conducted with R software version 3.6.2 (R
Foundation for Statistical Computing).

Results

A total of 258 patients with confirmed COVID-19 were enrolled
in our study (Table 1). Only 146 of these patients (57%) presented
with fever. Forty-three patients (17%) had severe COVID-19 and
required oxygen supplementation, while 154 (60%) had mild
disease; 61 (23%) experienced an uncomplicated illness. No
specific antiviral drugs, such as lopinavir and remdesivir, were
administered. Frequent RT-PCR testing was conducted on oropha-
ryngeal swabs (2223 samples) and sputum (2001 samples), at least

Table 1
General information relating to 258 COVID-19 patients in Beijing Ditan Hospital.

Characteristics Patient numbers

Total no. (%) 258 (100)
Age groups (years)

<18 21 (8)
18–39 124 (48)
40–65 82 (32)
>65 31 (12)

Sex no. (%)
Male 128 (50)
Female 130 (50)

Classification no. (%)
Uncomplicated and mild illness 215 (83)
Severe and critical illness 43 (17)

Initial symptoms-no. (%)
No symptoms 4 (2)
1–2 symptoms 191 (74)
More than 2 symptoms 63 (24)

Coexisting complications-no. (%)
Hypertension 34 (13)

Diabetes 17 (7)
COPD 13 (5)
Cardiovascular diseases 10 (4)
Renal diseases 6 (2)
Autoimmune disorders 5 (2)
Others 6 (2)
Any one of above 41 (16)
ategory. The Kaplan–Meier method was used to plot and estimate
he proportion of negative results conversion during the study
eriod. This study started on the date of the initial symptom in
ach patient and proceeded until the date of negative conversion,
efined as the day when both oropharyngeal swab and sputum
amples appeared negative and never reverted in subsequent tests
243
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once for every 2–3 days, over the first 14 days upon hospital
admission, and then at least once for 5 days until discharge. The
median testing time was 3.2 days (IQR: 2.3–5.0).

Proportion of negative conversions over time since symptom onset

The median duration of patients with SARS-COV-2 was 17 days
(range: 1–60 days). In total, 195 of the 258 patients eventually
recovered from COVID-19 disease with several consecutive
negative test results and were discharged. The proportion of
negative result conversion was 6.7% on the 4th day, 16.4% on the
7th day, 41.0% at 2 weeks, and 61.0% at 3 weeks after the onset of
symptoms and hospital admittance, as demonstrated by the
Kaplan–Meier method (Figure 1). The most drastic reduction in the
proportion of negative conversion was observed on the 9th to 12th
days after hospital admission (5.1% each; 10 patients). However, we
also noticed that 66 (25.6%) of the patients still had the SARS-COV-
2 virus over 30 days. Moreover, multivariable logistic regression
(Table 2) revealed that older patients were associated with a longer
duration to negative conversion. In particular, we found that
elderly patients (aged >65 years) were associated with a
significantly longer time to negative conversion when compared
with younger patients (adjusted odds ratio (aOR): 6.38; 95%
confidence interval: 1.31, 31.11). No significant differences were
identified with regards to sex, clinical classification, complications,
and initial symptoms.

Inconsistent RT-PCR testing results prior to negative conversion and
recovery

Of the 258 study patients, 222 had at least two positive RT-PCR
results from oropharyngeal samples prior to negative conversion.
All of these patients recovered and were discharged. In total, 1674
oropharyngeal swabs tests were performed prior to negative
conversion; of these, 733 (43.8%) provided negative RT-PCR results.
Theoretically, all RT-PCR tests before negative conversion should
be positive. However, we still observed that 81.1% (180/222)
patients had at least one negative RT-PCR result prior to negative
conversion and clinical discharge (Figure 2). Further analysis of
positive rates and disease progression showed that 34.1% (30 of 88)
and 60.3% (79 of 131) of patients with at least one negative RT-PCR
result were identified on days 7 and 14 after the onset of
symptoms. These percentages expose the inconsistency of the
testing results and the necessity for multiple testing before final

clinical discharge. These findings also indicate that an early
diagnosis can reduce false negative rates.

Proportions of negative conversion for RT-PCR testing by
oropharyngeal swabs, sputum specimens, and combined double
testing

RT-PCR test results by oropharyngeal swabs, sputum speci-
mens, and combined double testing, are shown in Figure 3. The
median number of patients tested by RT-PCR from oropharyngeal
swab samples in the first 21 days was 59% (range: 35–73), while
those from sputum samples was 47% (range: 10–62). The
proportion of negative results in sputum samples was higher
than that in the oropharyngeal swabs in the early stages after
symptoms (1st day to 5th day). In comparison, these proportions
became lower or equal in the sputum and oropharyngeal swabs
between days 5 and 21. Notably, the negative proportions for
combined double testing were much lower than those for each test
individually. For example, as early as the 1st day after symptom
onset, the proportion of negative conversions from oropharyngeal
swabs was 18.4%, while that for sputum was 30.0%. Combined
double testing results with both samples reduced the proportion of
negative conversions of SARS-CoV-2 to 4.6%.

Discussion

In this study, we retrospectively analyzed RT-PCR results from
258 patients with COVID-19 in Beijing Ditan Hospital, and explored
the impacts of different sampling times and clinical procedures on
the RT-PCR test results. In the absence of useful specific antivirus
therapy, we found that more than 60.0% of patients eventually
converted to negative test results (clinical recovery) within 21 days
of the initial onsets of symptoms. Younger patients were more
likely to achieve clinical recovery and negative conversion within a
shorter time; 81.1% of study patients presented at least one
inconsistent negative test result prior to clinical recovery, negative
conversion, and discharge, thus suggesting that a single RT-PCR
test can still produce a high false-negative rate in infected patients
by virtue of the natural history of the virus, even though we
excluded the potential impacts of technical bias.

Many of those who have died from COVID-19 may not have
received RT-PCR testing in time. Considering the same sample
collection protocols and testing approaches used in this study, we
speculated that the decreasing trend in positive testing rates over
time might also be representative of the dynamics of virus
infection. In particular, an increased viral load in the oropharyngeal
areas has been observed with the MERS virus, which belongs to the
same coronavirus family as COVID-19 (Poissy et al., 2014). COVID-
19 is a self-limiting disease in approximately 80% of patients with
mild disease (Xu et al., 2020) who might be reluctant to visit a
doctor during the early stages of infection, and only present later at
the clinics if symptoms worsen. In addition, asymptomatic patients
with SARS-CoV-2 have been extensively reported (Chan et al.,
2020; Zhou et al., 2020). Under such circumstances, these patients
might have already contributed to massive transmission in the
community and could also be misdiagnosed at clinics before
oropharyngeal swab-based RT-PCR testing commenced for case
detection. Recent models suggest that asymptomatic and pre-
symptomatic transmission, along with delays in case recognition,
can significantly reduce the efficacy of contact tracing (Adam et al.,
Figure 1. Estimated proportion of negative conversions in COVID-19 patients over

time from the onset of initial symptoms.
The black dots and lines were calculated by actual proportions while the dark blue
curve was estimated by lowest smoothing. The x-axis represents the number of days
after the onset of symptom, where day 0 represents the day of symptom onset. The
y-axis represents the proportion of patients converting to negative. The proportion
of patients converting to negative on the 4th day (blue area), 7th day (green area),
14th day (yellow area) and 21st day (pink area) are highlighted.
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2020). The present study also showed that a certain number of
patients can rapidly convert to a negative result and thus create a
hurdle for the identification and quarantine of infected patients.
Thus, delays in RT-PCR testing can lead to misdiagnosis and the
non-identification of infectious patients prior to negative conver-
sion, thus preventing effective quarantine, contact tracing, and the
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eduction of disease transmission. Compared to other diagnostic
pproaches, such as chest CT, and ELISA kits for the detection of
mmunoglobulin (Ig) M and IgG antibodies, RT-PCR can detect the
irus early and provide better opportunities for infection control.
urveillance methods based on RT-PCR should therefore be

et al., 2020). Consequently, single negative results cannot
completely preclude SARS-CoV-2 infection and should not be
used as the sole basis for treatment or patient management
decisions. Patients still shed the virus even with mild symptoms or
even after becoming asymptomatic (afebrile after treatment)
(Chang et al., 2020). Furthermore, at the early stages of illness, we
observed a number of patients with negative RT-PCR results. Thus,
although RT-PCR is recommended as a powerful tool for early
diagnosis, negative results should be followed by multiple testing
and clinical observations, patient histories, and epidemiological
information.

Finally, we compared the proportions of negative conversions
because of RT-PCT testing by oropharyngeal swabs, sputum
specimens, and combined double testing within 21 days of the
onset of symptoms. In general, the proportions of negative
conversions were lower for the combined double testing of
oropharyngeal swabs and sputum than each test independently,
thus indicating that multiple specimen-based testing might be
more sensitive for the detection of infections. In our previous
study, we showed that some patients who were negative in
oropharyngeal swabs but positive in sputum, thus suggesting that
the virus might persist in the sputum for a longer time period
(Chen et al., 2020). Interestingly, in the early stages (before the 5th
day), the oropharyngeal swabs show a higher performance with
regards to identifying infections, thus suggesting that many
infected patients with COVID-19 require a lag time to produce
virus in the sputum. Furthermore, many patients infected with
COVID-19 have no sputum during the early stages. Dynamic
changes in viral loads have also been reported in different
biological samples (Zou et al., 2020). However, there is still no
gold standard for how and when these biological samples should
be tested for COVID-19. Therefore, considering our findings, we
strongly recommended that multiple biological specimens should
be collected and tested from suspected cases to minimize the
misdiagnosis of infectious patients. Furthermore, we should
ensure that patients stay in hospital as long as possible until they
gave recovered completely.

able 2
actors that exert impact on the time of negative conversion �14 days among 195 discharged COVID-19 patients.

Characteristics Discharged patients N (%) Time of conversion to negative (days) Univariate analysis Multivariate analysis

<14 N (%) �14 N (%) OR (95%CI) P aOR (95%CI) P

Total 195 (100) 80 (41) 115 (59)
Age groups (years)

<18 15 (8) 10 (12) 5 (4) ref ref
18–39 87 (45) 38 (48) 49 (43) 2.58 (0.81–8.18) 0.108 2.47 (0.77–7.96) 0.129
40–65 67 (34) 29 (36) 38 (33) 2.62 (0.81–8.51) 0.109 3.10 (0.89–10.82) 0.075
>65 26 (13) 3 (4) 23 (20) 15.33 (3.06–76.90) 0.001 14.98 (2.59–86.53) 0.003

Sex
Male 99 (51) 36 (45) 63 (55) ref ref
Female 96 (49) 44 (55) 52 (45) 0.68 (0.38–1.20) 0.180 0.72 (0.39–1.33) 0.290

Classification
Uncomplicated and mild illness 164 (84) 73 (91) 91 (79) ref ref
Severe and critical illness 31 (16) 7 (9) 24 (21) 2.75 (1.12–6.74) 0.027 1.86 (0.61–5.72) 0.276

Initial symptoms
No symptoms 27 (14) 10 (12) 17 (15) ref ref
1–2 symptoms 123 (63) 50 (63) 73 (63) 0.86 (0.36–2.03) 0.729 0.72 (0.29–1.77) 0.478
More than 2 symptoms 45 (23) 20 (25) 25 (22) 0.74 (0.28–1.96) 0.538 0.44 (0.15–1.30) 0.138

Coexisting complications
No complications 149 (76) 64(80) 85 (74) ref ref
1 or more complications 46 (24) 16 (20) 30 (26) 1.41 (0.71–2.81) 0.326 0.65 (0.26–1.63) 0.363

igure 2. Results of multiple RT-PCR testing in COVID-19 patients.
he x-axis represents the number of days after the onset of symptoms. Each row
epresents the detection point for each patient. The pink bar indicates the time to
ecovery and negative conversion for SARS-CoV-2 patients as defined in the
ethods section. Red and blue point represent positive and negative results in
ucleic acid tests, respectively.
erformed as early as possible.
In the present study, 81.1% of patients presented with at least

ne inconsistent negative test result prior to clinical recovery,
egative conversion, and discharge. Similarly, a previous study of
onfirmed COVID-19 patients in Singapore also observed incon-
istent RT-PCR results prior to complete clinical recovery (Young
24
This study has some limitations that need to be considered,
including the rapid emergence of COVID-19, the limited numbers
of patients, and the associated lack of data for analysis. However,
given the urgency of our response to COVID-19, we performed
analysis in as much data as possible and acquired a significant
amount of clinical information for epidemiological investigation.
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Furthermore, to minimize recall sampling bias, this epidemiologi-
cal study was subjected to an estimated model with an
approximate calculation. More frequent and paired specimen
collection may improve the accuracy of our estimation.

In summary, until we have effective treatments and an
appropriate vaccine, one of the most effective preventive strategies
that we can use to reduce transmission is efficient early testing to
identify, isolate, and trace, infected patients so that we can prevent
local epidemic rebound. Considering the high transmission
potential of SARS-CoV-2, misdiagnoses can readily lead to a new
local epidemic. Hence, according to our current findings, it is
important that we perform early, consecutive, and combined
double testing, if we are to identify all COVID-19 patients,
particularly those that are asymptomatic or mild symptomatic,
and therefore minimize misdiagnosis. Only through the isolation of
virtually all infected patients can we prevent a further COVID-19
local epidemic.
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Figure 3. Multiple RT-PCR test results within 21 days of the initial symptoms.
The deep pink bar represents the estimated positive proportion of COVID-19
patients. The yellow bar represents the estimated negative proportion of COVID-19
patients using oropharyngeal swabs alone. The deep blue bar represents the
estimated negative proportion of COVID-19 patients using sputum alone. The
orange bar represents the estimated negative proportion of COVID-19 patients by
RT-PCR tests using combined double testing with both oropharyngeal swabs and
sputum. The gray bar represents the estimated negative proportion of COVID-19
patients due to viral negative conversion.
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