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Case Report 

Discrepancy of SARS-CoV-2 PCR results due to the sample collection sites 
and possible improper sampling 
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A B S T R A C T   

Polymerase chain reaction (PCR) testing for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is 
necessary for confirming a diagnosis of Coronavirus disease 2019 (COVID-19). Here we present a COVID-19 case 
of an elderly woman whose SARS-CoV-2 PCR tests showed false negative repeatedly by evaluating with different 
sampling sites and procedures. Nasopharyngeal swabs, suctioned sputum, and tongue swabs were collected for 
SARS-CoV-2-PCR. As for tongue swabs, we compared between two different sample conditions; one obtained 
with dry condition and the other obtained with moistened condition inside the oral cavity. SARS-CoV-2-PCR 
showed positive for an extended period with suctioned sputum samples compared with nasopharyngeal swabs 
and tongue swabs. No SARS-CoV-2 from a nasopharyngeal swab sample obtained on day 46 after symptoms onset 
was isolated despite high viral load (183740.5 copies/5μL). An adequate production of neutralizing antibody in a 
serum sample on day 46 was also confirmed. The number of RNA copies of the tongue swab samples was higher 
with moistened condition than with dry condition. 

The present case suggests that the difference of sampling site or sample condition can affect PCR results. High 
loads viral RNA detection does not always correlate with infectivity.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) is caused by the novel severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The disease 
has spread worldwide, and the number of deaths due to this infection 
continues to increase. Due to its novelty, there are still several unknown 
aspects regarding the pathology, diagnosis, and treatment. The gold 
standard for COVID-19 diagnosis is viral RNA detection through quan
titative reverse-transcription-polymerase chain reaction (RT-PCR). The 
sensitivity of nucleic acid amplification was observed to be 89% in a 
meta-analysis with COVID-19 confirmed patients [1], and was as high as 

86% for nasopharyngeal specimens and 92% for saliva samples in 
asymptomatic persons including close contacts [2]. Additionally, our 
study also showed higher sensitivity with saliva samples than with 
nasopharyngeal samples in asymptomatic or mild patients in the late 
phase of infection around 4 weeks after diagnosis as 38.2% and 19.5%, 
respectively [3]. Therefore, although infrequent, false-negative results 
can lead to misdiagnosis of COVID-19. Inadequate sampling is a 
well-known reason for false-negative PCR results [4,5]. The duration of 
SARS-CoV-2 infectivity remains unclear, and it is crucial for under
standing transmission dynamics and implementing effective infection 
control mechanisms. However, positive PCR tests in the late phase of 
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SARS-CoV-2 infection are not always considered infectious [6]. 

2. Case report 

A 97-year-old woman presented to a nearby hospital with exacer
bation of heart failure from a nursing home for the elderly. She had no 
history of traceable contact with COVID-19 patients. Diuretic treatment 
was administered, and symptoms were improved. A cluster of COVID-19 
cases was identified in the hospital on the fifth day of admission. Eleven 
days after the recognition of the cluster, PCR test for SARS-CoV-2 with 
nasopharyngeal swab sample from the patient was positive, leading to 
the diagnosis of COVID-19 while asymptomatic. Computed tomography 
showed slight ground-glass opacity in the right lower lung lobe (Fig. 1). 
A wet cough developed at 4 days after the diagnosis of COVID-19 which 
was compatible with its symptom, and the patient required oxygen 
administration and ciclesonide inhalation, six days after COVID-19 
symptoms onset. She also developed aspiration pneumonia and her 
respiratory state deteriorated. Her overall condition improved with 
ampicillin-sulbactam administration. However, a SARS-CoV-2-PCR on a 
nasopharyngeal swab sample on day 27 after symptoms onset was 
positive. The patient was transferred to our hospital on day 33 for 
subsequent medical care. We repeated the PCR test using a nasopha
ryngeal swab after admission to our hospital and found that the viral 
RNA copy numbers were low. We performed SARS-CoV-2 PCR exami
nation at each laboratory unit inside the hospital where the samples 
were obtained. All the PCR examination of nasopharyngeal swab sam
ples was performed in the same procedure using flocked swabs without 
any transport media promptly after sampling. We preserved the samples 
at 2–8 ◦C if it takes more than a few hours. Since the patient was 
asymptomatic, she was transferred from the negative-pressure isolation 
ward to the general ward and was released from contact and droplet 
precaution on day 39 after COVID-19 symptoms onset. However, 46 
days after symptoms onset, SARS-CoV-2 PCR result with a nasopha
ryngeal sample displayed a high number of viral RNA copies with 
183740.5 copies/5μL. The patient was transferred back to the COVID-19 
isolation ward and contact and droplet precaution were applied on that 
day. We performed a SARS-CoV-2-PCR tests on a nasopharyngeal swab, 
suctioned sputum, and tongue swab samples from the patient promptly 
after sampling. As for tongue swab samples, we examined the number of 
viral RNA copies in two different sampling conditions which were both 
obtained with flocked swabs without any transport media on day 48. 
One sample was obtained following the usual procedure (dry), where the 
conditions inside the oral cavity are unchanged, and the other was ob
tained immediately after using saline solution to moisten the patient’s 
tongue (wet) (Fig. 2), which resulted 13361 copies/5μL, and 245830 

copies/5μL, respectively. Although the three different types of sample of 
the patient obtained on day 68 after symptoms onset were negative, they 
were positive again on day 70. The suctioned sputum sample remained 
PCR-positive for an extended period until day 83. However, we 
confirmed adequate neutralizing antibody titer of 1:640 with a serum 
sample obtained on day 46 when a high number of viral RNA copies of 
PCR was detected, with the method described previously [7]. 
Whole-genome sequencing of the nasopharyngeal swab sample obtained 
on day 46 displayed identical with the sample obtained 49 days before 
(GISAID accession ID: EPI_ISL_1121961 and ID: EPI_ISL_1121962 
respectively). The virus could not be isolated with samples obtained on 
days − 4 and 46 despite high viral loads. Possible reasons for this with 
sample obtained on day − 4 is that nearly 50 days had passed when we 
started an analysis of virus isolation, and that the quality of sample 
might have been deteriorated during storage and transportation from 
the previous hospital. We analyzed neutralizing antibody, 
whole-genome sequencing, and virus isolation at Institute of Tropical 
Medicine, Nagasaki University. The patient’s general condition 
improved, a nasopharyngeal sample yielded a negative 
SARS-CoV-2-PCR result (Fig. 3), and she was discharged back to the 
nursing home on day 108 after symptoms onset. 

3. Discussion 

We present a COVID-19 case of an elderly woman whose SARS-CoV-2 
PCR tests showed false negative repeatedly. This COVID-19 case high
lights several important clinical issues. First, the results of SARS-CoV-2 
PCR testing can be greatly affected by its sampling condition and 
infection cannot be completely ruled out by a single negative PCR result 
from a nasopharyngeal swab. Second, high viral RNA concentrations 
detected by PCR do not necessarily imply SARS-CoV-2 infectivity. 

We concluded that the negative PCR results were false-negative 
despite the prolonged SARS-CoV-2 RNA presence in this case. False- 
negative [5,8,9] or test-retest positive [9–12] results for SARS-CoV-2 
PCRs have been previously reported. We ruled out the possibility of 
COVID-19 recurrence in this case because the patient was asymptomatic 
during her stay in our hospital. Additionally, we found an adequate 
production of neutralizing antibody in a serum sample. Re-infection was 
also considered unlikely because the patient had no traceable contact 
with COVID-19 confirmed or suspected cases during hospitalization. 
And more, the results of whole-genome sequencing were identical be
tween the nasopharyngeal swab samples obtained at the previous hos
pital and our hospital. The well-known reasons for false-negative PCR 
results are inadequate sampling timing, sampling techniques, storage, 
transportation, processing of specimens, and technical problems related 
to the PCR [4,5]. We confirmed that the results of PCR tests varied 
depending on the type of samples among nasopharynx wiping, suctioned 
sputum, and tongue wiping samples even obtained on the same day. We 
collected two different tongue-wiping samples to clarify the cause of the 
poor reproducibility of the PCR test results and confirmed that the 
number of RNA copies of the sample obtained under moistened oral 
condition was approximately 20 times higher than in the sample ob
tained under dry conditions. This finding suggests that the sample 
quality can be affected by interventions, such as increasing humidity, 
and alter the results of the PCR test. We speculated that the 
false-negative PCR results in the present case were mostly due to 
inconsistent sampling conditions. We should be aware that 
SARS-CoV-2-PCR sensitivity varies [1–3] and decreases with time after 
symptoms onset [12,13]. 

Viable viral particles were successfully isolated on days seven [14], 
nine [15,16], 18 [17], or 20 [18] after symptoms onset, while no isolate 
was confirmed after a certain period since onset. The present case sug
gests that positive PCR testing in the later phase of SARS-CoV-2 infection 
does not necessarily imply infectivity. 

The correlation between SARS-CoV-2 RNA detection and COVID-19 
infectivity was not fully recognized as it is today when we were treating 

Fig. 1. Chest computed tomography scan performed on the day of COVID-19 
diagnosis. Slight ground-glass opacity in the right lower lung lobe. 
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this patient. We continued isolation and precautions even after recog
nizing the results of adequate production of serum neutralizing antibody 
and negative virus isolation, and examined the PCR testing repeatedly 
because confirmation of negative result was requested from the nursing 
home. 

However, the timing of discontinuation of precaution for COVID-19 
patients is now proposed to decide based on the duration after onset but 
not with a test-based strategy. PCR testing for SARS-CoV-2 RNA cannot 
distinguish infectious from non-infectious virus. Therefore, PCR testing 
is not recommended for deciding discontinuation of infection precau
tion, and it should be mainly performed for the COVID-19 diagnosis 

purpose. 
In conclusion, the present case showed false negative PCR testing for 

SARS-CoV-2 RNA repeatedly. Our work highlights that, although PCR is 
the gold standard for COVID-19 diagnosis, we should pay attention to 
avoid sampling error which can lead to false-negative results. This report 
also shows that SARS-CoV-2 RNA detection does not always imply 
infectivity or the dissemination of viable viral particles. 
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Fig. 2. Tongue wiping for PCR examination with dry condition (A), and wet condition after moistened with saline (B).  

Fig. 3. Clinical course of the present case. PCR, polymerase chain reaction; RNA, ribonucleic acid; ABPC/SBT, ampicillin-sulbactam.  
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