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1  |  INTRODUC TION

Emergence of Coronavirus Disease 2019 (COVID-19) caused by se-
vere acute respiratory syndrome coronavirus-2 (SARS-CoV-2) exerts 
myriads of harmful consequences on healthcare systems.1 Regarding 
the high contagion rate of COVID-19 as well as the absence of specific 
therapeutic drugs, timely detection of the disease is important in order 
to control the sources of infection and prevent the illness progression.

Due to non-specific signs and symptoms of COVID-19, imple-
menting of diagnostic tests based on detection of the viral sequence 
by real-time reverse transcription-polymerase chain reaction assay 

(RT-PCR) has been a robust technique to confirm the infection.2 RT-
PCR is a specific and simple qualitative assay; hence, diagnostic test 
for COVID-193 is of great interest. Nevertheless, eliciting of false 
negative and false positive results is probable using this technique.4

The result of SARS-CoV-2 PCR is highly dependent on sampling 
time and specimen type.5 In a study, many suspected cases, in spite 
of exhibiting clinical characteristics and typical radiologic findings for 
COVID-19, were not diagnosed by RT-PCR.6 Regular Assessment of 
sensitivity and specificity of tests by Food and Drug Administration 
(FDA) and clinical researchers in pandemic era is required to avoid 
confusion in ruling in/out the infection.
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Abstract
Introduction: RT-PCR is widely used as a diagnostic test for the detection of SARS-
CoV-2. In this study, we aim to describe the clinical utility of serial PCR testing in the 
final detection of COVID-19.
Method: We collected multiple nasopharyngeal swab samples from patients who had 
negative RT-PCR test on the first day after hospitalization. RT-PCR tests were per-
formed on the second day for all patients with initial negative result. For the patients 
with secondary negative results on day 2, tertiary RT-PCR tests were performed on 
day 3 after hospitalization.
Result: Among 68 patients with initial negative test results, at the end of follow-up, 
the mortality number was 20 (29.4%). About 33.8% of patients had subsequent posi-
tive PCR test results for the second time and 17.4% of the patients who performed 
third PCR test had positive result.
Conclusion: Based on this study, serial RT-PCR testing is unlikely to yield additional 
information.
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Some clinicians suggested that performing serial RT-PCR tests on 
suspected cases with initial negative RT-PCR test improves detection 
capability. To date, there is no recommendation on the efficacy of se-
rial testing in patients with an initial negative PCR. In this study, our 
aim was to explore the clinical utility of serial PCR testing and the 
contribution of each RT-PCR test to the final detection of COVID-19.

2  |  METHOD

2.1  |  Patient population

In this study, confirmed COVID-19 patients with clinical manifesta-
tions, positive CT-scan results, and/or consecutive negative RT-PCR 
tests in a short period of time were included. All the participants 
were in intensive care unit and the symptoms of COVID-19 were 
classified as moderate to severe based on the guideline.7  The 
study was confirmed by the Ethics in Medical Research Committee 
IR.SBMU.RETECH.REC.1399.033.

2.2  |  Sample collection

Nasopharyngeal swab samples were collected on the second day 
after hospitalization from patients who had negative RT-PCR test 
on the first day after hospitalization. RT-PCR tests were performed 
on the second day for all patients with initial negative result. For 
the patients with secondary negative results on day 2, tertiary RT-
PCR tests were performed on day 3 after hospitalization at Loghman 
Hakim hospital as a major referral center. The personnel collecting 
the samples and performing tests were the same in each of the tests.

Synthetic fiber swabs on a wire shaft and sterile tubes containing 
Viral Transport Medium (VTM) were used to collect nasopharyngeal 
specimens. Prior to specimen collection, tubes were labeled with pa-
tients' information. Nasopharyngeal Swabs were collected according 
to Centers for disease control and prevention (CDC) recommenda-
tions (https://www.cdc.gov/coron​aviru​s/2019-ncov/lab/guide​lines​
-clini​cal-speci​mens.html). Swabs were placed into VTM and were 
kept at 2–8°C for less than 24 h.

2.3  |  RNA extraction and RT-PCR

Extraction procedure was carried out using commercial extraction 
kit (ROJE) according to manufacturer's instructions. Liferiver real-
time multiplex RT-PCR kit was used for qualitative detection of 
COVID-19. The kit contains super mix, enzyme mix, negative con-
trol (NC), positive control (PC), and internal control (IC). The IC was 
added into extraction mixture 1 µl/test. The NC was extracted with 
the same protocol as for the samples. Master mix (20 µl consisting 
of 19 µl of super mix and 1 µl of enzyme mix) was added to each 
RT-PCR reaction tube. Then, 5 µl of nucleic acid extracted from NC 
and specimen and PC (without extraction) were added to separate 

reaction tubes. PCR was performed at 45°C for 10  min, 95°C for 
3 min, 95°C for 15 s, and 58°C for 30 s for 45 cycles. Fluorimeter 
channels including FAM (for ORF1ab), HEX (for gene N), and Cal Red 
610 (for Gene E) were used for the detection of amplified virus DNA 
fragment. The IC was detected at Cy5 channel.

2.4  |  Results interpretation

2.4.1  |  Positive results for SARS-COV-2

Positive signals (Ct ≤ 41) were detected in FAM, HEX, and Cal Red 
610 channels or in FAM and HEX or in FAM and Cal red 610 channels.

2.4.2  |  Negative results for SARS-COV-2

Negative signals (Ct > 41) were found in FAM, HEX, and Cal Red 610 
channels and positive signal (Ct < 41) was observed in Cy5 channel.

2.4.3  |  Inconclusive results

Only one channel from FAM, HEX, and Cal Red 610 was detected 
with Ct ≤ 41; positive signals were detected in HEX and Cal red 610 
and negative signal (Ct > 41) was found in FAM channel. Inconclusive 
results were repeated to obtain positive or negative results. 
Therefore, our final results just included positive or negative results.

2.4.4  |  Invalid results

Values of Ct  >  41 or no value was measured in the fluorescence 
channels FAM, HEX, and Cal Red and values of Ct ≥ 41 or no value 
was measured in the channel Cy5. Invalid results were also repeated.

2.5  |  Statistical analysis

Continuous variables were described using mean, median, and inter-
quartile range (IQR) values and categorical variables were described 
as frequency rates and percentages, and Chi-square test or Fisher 
exact test was used to compare the distribution of categorical data 
including demographic and clinical variables between patients with 
negative PCR test and positive PCR test. p-Value less than 0.05 was 
considered as statistically significant. All statistical analyses were 
performed using R version 3.6.1 software.

3  |  RESULTS

Out of 210  suspected COVID-19 patients with clinical manifesta-
tions and positive CT results, 68 patients (32%) had initial negative 

https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
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RT-PCR tests. Among 68 participants, the distribution of males (age 
64.1 ± 15.4) was 36 (52.9%). The mean time between the onset of 
clinical manifestation and collected first sample was 9.4 ± 5.0 days. At 
the end of follow-up, mortality number was 20 (29.4%). Demography, 
clinical symptoms, and background of diseases were outlined in 
Table 1. The most frequent symptom observed among patients at 
the admission time was myalgia followed by cough and hypoxia, re-
spectively. Hypertension, diabetes, and pulmonary disease were the 
most common comorbidities in these patients (Table 1).

Secondary RT-PCR test for the patients (n = 68) was still negative 
in 45 patients (66.2% of all negative ones and 21% of the all patients) 
and positive in 23 patients (33.8% of all negative ones). The third 
RT-PCR test was conducted for patients with secondary negative 
RT-PCR result with the exception of those who were expired or dis-
charged (n = 23). From the total 23 participants, 19 were still neg-
ative (82.6% of participants with secondary negative RT-PCR test) 
and just 4 patients had positive PCR test (17.4%).

4  |  DISCUSSION

In this study, performing serial RT-PCR tests could not significantly 
increase the detection capability of SARS-COV-2 after initial nega-
tive test results. Based on our findings in most cases, repeated RT-
PCR tests in short time intervals for patients with initial negative 
results also remained negative. The lack of promising laboratory 

tests for timely detection of SARS-COV-2 is tangible. Eliciting false 
positive results can be seen even by employing various SARS-
COV-2 molecular detection kits.

RT-PCR sensitivity is highly affected by improper performing of 
laboratory practice standards and personal skills.4 Proper specimen 
collection is an essential step for virus detection; it minimizes false 
negative results. Therefore, specimen collection, sample prepara-
tion, and experiments should be performed by well-trained staffs.8 
Considering these limitations as an important issue, frequent false 
negative RT-PCR results are reviewed. In our study, in order to adjust 
the impact of specimen collection and laboratory practice, the per-
sonnel collecting the samples and performing tests were the same 
in each of the tests since our aim was to evaluate the contribution of 
each RT-PCR test to the final detection of COVID-19.

High false negative results can be expected because of the 
emergence of various variants of SARS-COV-2 in each popula-
tion.9 Mutations occur frequently in SARS-COV-2, and the RT-PCR 
method usually detects 2 or 3  genes of SARS-CoV2.10  Therefore, 
false negative is a disadvantage of RT-PCR, and even performing se-
rial RT-PCR tests could not improve its detection capability.

Due to some clinical factors, repeated RT-PCR tests are preferred 
in some cases with suspected COVID-19. The viral load appears to 
peak approximately 24 h before the onset of symptoms in the upper 
respiratory tract and then decreases over the next 5  days.11  The 
severity of the COVID-19 infection also plays a major role, and se-
vere cases have a higher viral load.12 Also, inappropriate specimen 

Variables
Total
(n = 68)

Negative PCR test
(n = 45)

Positive PCR test
(n = 23)

Age

Mean ± SD 64.1 ± 15.4 65.2 ± 16.3 62.1 ± 13.4

Gender No (%)

Male 36 (52.9) 22 (48.9) 14 (60.9)

Symptoms No (%)

Fever 30 (45.5) 19 (44.2) 11 (47.8)

Cough 50 (75.8) 29 (67.4) 21 (91.3)

Hypoxia 48 (73.8) 31 (72.1) 17 (77.3)

Myalgia 52 (78.8) 32 (74.4) 20 (87.0)

Headache 13 (19.7) 10 (23.3) 3 (13.0)

Chills 20 (30.8) 14 (32.6) 6 (27.3)

Shortness of breath 49 (74.2) 31 (72.1) 18 (78.3)

Sore throat 20 (30.3) 14 (32.6) 6 (26.1)

Diarrhea 11 (16.7) 7 (16.3) 4 (17.4)

First oxygen saturation

Median (IQR) 86 (88–88.5) 85 (78–89) 87 (85–88.2)

Mortality No (%) 20 (29.4) 12 (26.7) 8 (34.8)

The type of comorbidities No (%)

Diabetes 20 (29.4) 9 (20.0) 11 (47.8)

Hypertension 26 (38.2) 17 (37.8) 9 (39.1)

Pulmonary disease 12 (17.6) 8 (17.8) 4 (17.4)

TA B L E  1 Baseline demographic and 
clinical characteristics of patients infected 
with COVID-19 with negative PCR test for 
first round (comparing results of second 
PCR test)
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collection, handling, and processing may increase the false negative 
results.13 Therefore, some healthcare providers repeat the RT-PCR 
test after initial negative result test in patients with high clinical sus-
picion of COVID-19. A study reported that only 21.4% of COVID-19 
patients had positive test results on their third consecutive test after 
two negative results.14 In a multicenter cohort study, repeated RT-
PCR tests were performed within 7 days among patients with initial 
negative test results. Only 2.0% of patients had subsequent posi-
tive PCR test.15 This study indicates that repeated RT-PCR could not 
provide additional information. Another study demonstrated that 
almost 25% of SARS-CoV-2 positive patients had a negative result in 
initial testing.16 Based on a case report, the initial RT-PCR result was 
negative for a patient. Four days later, positive result was reported 
for the patient. The third RT-PCR performed 4 days after second test 
was surprisingly negative.17 The fact that early sampling minimizes 
false negative RT-PCR result should be considered. The best time 
to obtain an upper respiratory specimen is the early phase of the 
disease course when the viral replication is high.18 Albeit RT-PCR is 
rapid, sensitive, and specific, each molecular result should be inter-
preted individually for each case according to the clinical manifesta-
tion because there is the risk of false negative of RT-PCR for some 
reasons.

The sensitivity and specificity of a diagnostic test are evaluated 
based on a gold standard test. Although several pitfalls, low spec-
ificity, and sensitivity have been mentioned for RT-PCR, almost all 
global and international and national guidelines rely on this tech-
nique as the gold standard test for SARS-COV-2 detection. Thus, 
absence of a reliable gold standard has made it difficult to evaluate 
RT-PCR accuracy. Evaluation of other tests for diagnosing COVID-19 
as well as definition of confirmed, probable, and possible cases ac-
cording to the results of RT-PCR is not a reliable approach in order to 
use it for management, screening, and surveillance. Ongoing studies 
to estimate the sensitivity and specificity of COVID-19 PCR assays 
will help clinicians to determine the positive and negative predictive 
values depending on disease burden in their area.

Although there are no recommendations for serial testing, IDSA 
has a recommendation for patients with a negative initial PCR test. 
The IDSA recommended that repeat testing should be done24–48 h 
after initial testing and once the initial NAAT result has turned neg-
ative. Another specimen type, preferably a lower respiratory tract 
specimen if the patient has signs/symptoms of lower respiratory 
tract infection, should be considered for repeat testing.19

The limitation of our study was that we did not use a lower re-
spiratory tract specimen in patients with signs of lower respiratory 
tract infection.

5  |  CONCLUSION

Among 68 patients with initial negative test results, 33.8% of pa-
tients had subsequent positive PCR test results for second time and 
17.4% of the patients who performed third PCR test had positive re-
sult. Serial RT-PCR testing is unlikely to yield significantly additional 

clinical information; however, the second test could be performed 
because the false negative rate was very high in the single test. 
Nevertheless, the decision to repeat testing must be more tactful.
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