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a b s t r a c t   

Objective: To determine the false-negative rate of severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) reverse-transcription polymerase chain reaction (RT-PCR) test results, and to describe the char-
acteristics of coronavirus disease 2019 (COVID-19) patients with false-negative results. 
Methods: We validated SARS-CoV-2-positive RT-PCR test results performed in hospitalized patients be-
tween February 1 and August 31, 2020 and classified the patients according to disease severity. 
Results: In total, 2038 SARS-CoV-2 RT-PCR tests were performed on 1890 patients. Of these, 145 patients 
had positive results and were diagnosed with COVID-19. Among the 145 patients with COVID-19, the initial 
RT-PCR tests were negative in five patients. Of these, three had moderate illness and were initially tested in 
the early stage of disease, and two had severe illness and were initially tested in the late stage of disease, 
when RT-PCR testing has lower sensitivity due to viral clearance. 
Conclusions: These findings suggest that false-negative results can be caused by both observer errors and by 
low viral RNA levels in the later stages of disease, after the infection has cleared. Clinicians should be aware 
that patients with COVID-19 can have negative RT-PCR test results in the later stages of infection. 

© 2022 The Author(s). Published by Elsevier Ltd. 
CC_BY_NC_ND_4.0   

Introduction 

Coronavirus disease 2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first reported 
in December 2019 in Wuhan, China. It rapidly spread worldwide and 
became a pandemic owing to its high transmissibility. COVID-19 can 
rapidly progress to hypoxemia, acute respiratory distress syndrome, 
and death in some cases. Early diagnosis is essential for disease 
prevention and control, and to enable early treatment [1,2]. The 
reverse-transcription polymerase chain reaction (RT-PCR) test, 
which typically uses upper respiratory tract specimens, is the gold 
standard test for confirming SARS-CoV-2 infection, and plays an 
important role in clinical decision-making. However, previous stu-
dies suggest that some RT-PCR tests have low sensitivity [3]. Causes 
of false-negative SARS-CoV-2 results include incorrect use of testing 
kits, insufficient samples, and low viral loads [4,5]. To prevent cases 
with false-negative results from being overlooked, retesting is 

recommended for patients with clinical findings suggestive of 
COVID-19 despite negative RT-PCR results [1,2]. 

Previous studies have shown that most patients with false-ne-
gative results tend to have mild disease [6]; however, individuals 
with false-negative results occasionally progress and develop critical 
disease [7], which can be extremely difficult to manage. The un-
derlying mechanisms whereby individuals with false-negative re-
sults exhibit this dual severity remain unclear. Therefore, we aimed 
to evaluate the false-negative rate of SARS-CoV-2 RT-PCR in COVID- 
19 patients tested at our hospital, and describe our experience of 
patients who initially had a negative RT-PCR result. To our knowl-
edge, this is the first study to investigate the false-negative rate of 
RT-PCR among patients with subsequently confirmed SARS-CoV-2 
infection in Japan. 

Patients and methods 

The study was conducted at Showa General Hospital, a medical 
institution designated for managing type II infectious diseases, lo-
cated near Tokyo, Japan. We validated SARS-CoV-2-positive RT-PCR 
test results in patients hospitalized between February 1 and August 
31, 2020. Clinical specimens, including nasopharyngeal or orophar-
yngeal swabs and sputum, were collected by physicians, and stored 
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in accordance with the World Health Organization standardized 
protocol [8]. 

The test device and the number of positive results differed ac-
cording to the date of specimen collection as follows: A total of 831 
positive test results were obtained between March 10 and June 23, 
2020, using Cobas SARS-CoV-2 8800 (Roche Molecular Systems), 
which amplifies the SARS-CoV-2 gene envelope (E), and has a limit 
of detection of 125 copies/mL, with a Ct value of ≤ 36.03–38.78 
(variable). A total of 1181 positive test results were obtained be-
tween June 24 and August 31, 2020, using Cobas SARS-CoV-2 8800 
(Roche Molecular Systems), which targets the open reading frame 1/ 
a (ORF1/a) gene (a nonstructural region specific to SARS-CoV-2) 
(target 1) and the structural protein envelope (E) gene shared by the 
Sarbecovirus subgenus (target 2), with a limit of detection of 25 and 
32 copies/mL at Ct values of ≤ 35 and ≤ 40, respectively. A total of 26 
positive test results were obtained from specimens tested at a health 
center between February 1 and March 30, 2020, using QuantStudio 
12 K (Applied Biosystems, ThermoFisher Scientific) that targets the 
ORF1/a gene and had a sigmoidal amplification curve with a Ct value 
of ≤ 40. 

Data of patients with positive results were extracted and their 
disease severity was assessed according to the severity of COVID-19 
definition of the United States National Institutes of Health [9]. Then, 
the records of patients who initially tested negative and subse-
quently tested positive within 14 days of the first test were re-
viewed. The patients’ laboratory test results, imaging findings, RT- 
PCR results (including Ct values), and clinical course were evaluated. 
In all cases here reported (1–5), the same platform was used for both 
the initial and subsequent PCR tests. 

All study procedures were conducted according to the World 
Medical Association Declaration of Helsinki. The retrospective case 

study was approved by the Human Research Ethics Committee of 
Showa General Hospital (approval no.: REC-242). Cases 1–5 provided 
written informed consent for publication of their case details. The 
requirement for informed consent was waived for the rest of the 
patients whose records were reviewed. 

Cases 

Case 1 

In mid-August 2020, a 39-year-old man with a 17 pack-year 
smoking history and no known contact with a COVID-19 patient was 
admitted to our hospital on day X (the day on which the patient’s 
initial sample with the false-negative PCR test result was collected), 
with a 2-day history of fever and dry cough. He tested negative for 
SARS-CoV-2 on RT-PCR using a nasopharyngeal sample on the day of 
admission. However, he tested positive in a repeat RT-PCR test on 
day X + 2 (cycle threshold [Ct] value, 21.0). 

On admission, computed tomography (CT) showed mild em-
physema and extensive consolidation with bronchiectasis in the 
right lung adjoining the upper and lower lobes (Fig. 1). In this case, 
as in the following two cases (Cases 2 and 3), the patient did not 
require treatment with steroids, antiviral drugs, or oxygen admin-
istration, and no subsequent RT-PCR tests were performed. The pa-
tient was discharged on day X + 13. 

Case 2 

In mid-June 2020, a 35-year-old woman with a 30 pack-year 
smoking history, and a 2-day history of fever and dry cough, tested 
negative for SARS-CoV-2 on RT-PCR using a nasopharyngeal sample 

Fig. 1. Clinical course and computed tomography findings of five patients with SARS-CoV-2 infection and an initial false-negative PCR test result. Day X is the day on which 
the patient’s initial sample with a false-negative PCR test result was collected. Cases 1–3 were initially tested ≤ 2 days after symptom onset, developed moderate disease and had a 
short hospitalization. Cases 4–5 were initially tested ≥ 5 days after symptom onset, developed severe/critical disease, and required intensive treatment and prolonged hospi-
talization. In Case 1, CT shows a unilateral shadow in the left lung. In Cases 2–5, CT shows bilateral shadows in the lungs. In Cases 3 and 5, CT shows ground-glass opacities and, in 
Cases 1, 2, and 4, CT shows ground-glass opacities and consolidation. In Cases 1 and 2 mild emphysema is evident. In Cases 1 and 4, CT shows the increasing extent of opacities on 
subsequent days. Ct, cycle threshold; CT, computed tomography; mPSL, methylprednisolone; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2. 
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on day X. She had a medical history of untreated type 2 diabetes 
mellitus and had engaged in commercial sex work from days X − 9 to 
X − 2. She tested positive on a repeat RT-PCR test on day X + 3 (Ct 
value, 32.7) and was admitted to our hospital on the same day. On 
admission, she had mild oxygen desaturation of 94% on room air, and 
chest CT revealed mild emphysema and bilateral subpleural patchy 
ground-glass opacities (Fig. 1). She was hospitalized for 11 days, and 
was discharged on recovery. 

Case 3 

In early July 2020, a 55-year-old man, who was living with his 
sons, who had been diagnosed with COVID-19 on day X − 2, devel-
oped fever, headache, and myalgia on day X − 1. A familial cluster of 
COVID-19 was suspected; however, he tested negative for SARS-CoV- 
2 in an RT-PCR test performed using a nasopharyngeal sample on 
day X. His symptoms continued; therefore, he was retested on day 
X + 5. He tested positive (Ct value, 31.2) on this second test and was 
admitted to our hospital on day X + 8. On admission, CT revealed 
bilateral subpleural reticular shadows (Fig. 1). He was discharged on 
day X + 14 without any specific treatment. 

Case 4 

In mid-April 2020, A 53-year-old man without any history of 
smoking or known contact with COVID-19 patients developed per-
sistent fever, dry cough, and shortness of breath (day X − 5). CT 
performed on days X and X + 2 revealed rapidly increasing multiple 
bilateral patchy ground-glass opacities, compatible with COVID-19 
(Fig. 1). He tested negative for SARS-CoV-2 on an RT-PCR test of a 
nasopharyngeal swab performed on day X, and a repeat RT-PCR test 
was performed on day X + 2, owing to the high suspicion of COVID- 
19. The patient eventually tested positive for SARS-CoV-2 on RT-PCR 
using sputum samples on day X + 5 (Ct value, 27.4). He was admitted 
to a negative-pressure isolation room and sequentially treated with 
favipiravir, camostat, and methylprednisolone from day X + 2, be-
cause of his deteriorating respiratory condition. The patient required 
a maximum oxygen intake of 6 L/min through a non-rebreather 
mask on day X + 5. As his respiratory condition improved, oxygen 
administration was tapered. His RT-PCR test result was negative on 
day X + 9, and he was discharged on day X + 21. 

Case 5 

In mid-April, 2020, a 51-year-old man without a history of 
smoking or any known contact with COVID-19 patients visited our 
hospital with complaints of fever, dyspnea, and diarrhea for 10 days. 
Physical examination revealed a temperature of 37.9 ℃ and an 
oxygen saturation of 80% on room air. CT revealed bilateral sub-
pleural reticular shadows, compatible with COVID-19 (Fig. 1). A na-
sopharyngeal swab was tested using an RT-PCR assay, and was 
negative for SARS-CoV-2 on day X. The patient was promptly ad-
mitted to a negative-pressure isolation room and sequentially 
treated with favipiravir, nafamostat, and methylprednisolone. 
Thereafter, he tested positive on a repeat test performed on days 
X + 2 and X + 6 (Ct values, 38.0 and 37.6, respectively). He underwent 
intensive care unit monitoring, owing to a worsened respiratory 
condition, requiring a maximum oxygen intake of 100% through a 
40 L/min nasal high-flow cannula. As his respiratory condition im-
proved, oxygen administration was tapered. His RT-PCR test result 
was negative on day X + 12, and he was discharged on day X + 25. 

Discussion 

In total, 2038 SARS-CoV-2 RT-PCR tests were performed in 1890 
patients, and a total of 145 patients had positive results and were 

diagnosed with COVID-19, while the rest of the patients tested were 
determined not to have SARS-CoV-2 infection. There were no false- 
positive results identified. The positivity rate was 7.67%, which is 
comparable to the 5.46% positivity rate (16,525 positive test results 
among a total of 302,554 tests performed) reported in Tokyo during 
the study period [10]. Among the 145 patients with COVID-19, 112 
(77.2%), 27 (18.6%), and 6 (4.1%), had moderate, severe, and critical 
forms of the disease, respectively. This distribution of disease se-
verity among patients with positive RT-PCR results, was similar to 
that reported in Japan during the study period [11], suggesting that 
these results are likely to be broadly representative of the general 
situation in Japan during the study period. 

We conducted an in-depth case review of five patients with in-
itially negative RT-PCR results among the 145 patients with COVID- 
19 confirmed by RT-PCR testing (Table 1).This false-negative rate of 
3.45% is comparable to that reported in a systematic review, which 
found a false-negative RT-PCR rate of 2–29% [3]. 

Among the five patients with a false-negative initial RT-PCR re-
sult, Cases 1–3 had distinctly different characteristics than Cases 4 
and 5 with respect to the PCR test timing, illness severity, and 
clinical course. Cases 1–3 all had moderate disease, moderate levels 
of laboratory inflammation markers, needed no specific treatment, 
and had short hospitalizations. Their initial tests were performed at 
an appropriate time (a few days after symptom onset), when the 
false-negative rate is low. The probability of initial false-negative 
result is <  10% when testing is performed within a few days of 
symptom onset [12]. Their Ct values of 21.0, 32.7, and 31.2, on re-
testing were relatively low, which suggests that they were in the 
early stages of infection at the time of the initial testing. The false- 
negative initial RT-PCR results in Cases 1–3 are may have been 
caused by technical errors, insufficient sample collection, or poor 
storage conditions [4,13]. 

In contrast, Cases 4 and 5 had delayed initial testing, severe 
disease, high levels of laboratory inflammation markers, and re-
quired intensive treatment and prolonged hospitalization. The false- 
negative rate is affected by viral load, reflecting viral clearance; RT- 
PCR performed using upper respiratory tract samples is often ne-
gative if performed more than 9 days after symptom onset [5,14]. 
Based on the interval between symptom onset and the initial RT-PCR 
testing, the probability of an initial false-negative result was ap-
proximately 15% and 33% for Cases 4 and 5, respectively [12]. In Case 
4, testing sputum specimens was helpful, because they had a sig-
nificant viral load even though 10 days had passed since symptom 
onset and the upper respiratory tract samples were negative [15]. In 
Case 5, The Ct values of 38.0 and 37.6, suggesting that the patient 
was in the late stage of infection at the time of the initial testing, and 
probably had almost no viable virus present [16]. We interpreted 
that the false-negative results in Cases 4 and 5 may have been due to 
a viral load below the detection threshold due to viral clearance [17]. 
The worsening of disease severity in Cases 4 and 5 may have been 
due to a high level of inflammatory cytokine production, rather than 
due to the presence of the virus [7,17,18]. The viral load naturally 
decreases in the days following symptom onset, making it challen-
ging to diagnose and manage patients with COVID-19 who deterio-
rate due to cytokine storms, if the diagnosis has been missed during 
the earlier stages of the disease [1,7]. 

We also tried to assess the chest CT features of Cases 1–5. Their 
features were similar to those reported in a previous study of pa-
tients with false-negative RT-PCR results [19]; however, there were 
no obvious differences between the CT findings in Cases 1–3 and 
those in Cases 4 and 5. 

In this study, the patients with false-negative results had dis-
ease of varying severity. The two patients who had a delay in PCR 
testing following symptom onset had more severe disease than 
the three patients initially tested soon after symptom onset. We 
assumed that the false-negative RT-PCR results of two patients 
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with severe disease was due to low viral loads, and that their 
clinical deterioration was due to high cytokine levels, which made 
diagnosis and clinical management challenging. Generally, high Ct 
values, reflecting low viral load levels on RT-PCR testing, predicts 
disease of mild severity; however, this is not applicable in cases 
with delayed testing [20]. It is essential for clinicians to confirm 
the time since symptom onset patients suspected to have COVID- 
19 with negative RT-PCR results. 

This study has some limitations. We were unable to monitor the 
patient’s viral load and cytokine levels, because testing was not 
available in our hospital. As an alternative, we used Ct values and 
inflammation markers to assess the disease stage. Future research on 
false-negative SARS-CoV-2 RT-PCR results should consider the in-
fection period, viral load, and cytokine measurements [16], to obtain 
a better understanding of the causes of false-negative results in 
COVID-19 patients. 
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