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ABSTRACT

Polymerase chain reaction (PCR) for the detection of nucleic acids is the gold standard test for the diagnosis 
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). However, there is the probability of 
false-negative results with this test, which poses a threat to public health. Here, we highlight some important 
factors that should be considered for reducing the false-negative results of the SARS-CoV-2 PCR test.
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To the Editors
We are writing about the article by Bahreini 
et al.1 The authors discussed several probable 
factors associated with the false-negative results 
of polymerase chain reaction (PCR) test for 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), including genetic diversity, sampling 
error, sample type, viral load, and sampling time. 
However, some factors were not considered by the 
authors. Here, we discuss other important factors 
that may be responsible for the false-negative results 
of the SARS-CoV-2 PCR test.

Thermal Inactivation of SARS-CoV-2
Heat treatment of specimens at 56 °C for 
30 minutes has been recommended to inactivate 
SARS-CoV-2 before nucleic acid testing. However, 
this treatment process can damage the single-
stranded RNA, thereby reducing the detectable 
amount of SARS-CoV-2 in the PCR assay. Pan et al.2 
reported that 46.7% of weak-positive specimens 

tested PCR-negative after thermal inactivation. In 
comparison, chemical inactivation by guanidinium 
had less effect on PCR results, with 13.3% false-
negatives. Therefore, thermal inactivation of SARS-
CoV-2 may dramatically reverse PCR test results 
from positive to negative when the viral load 
is low.

Targets of SARS-CoV-2 Genome
PCR assays target different regions of the SARS-
CoV-2 genome, including ORF1ab (Open Reading 
Frames), N (Nucleocapsid), S (Spike), E (Envelope), 
and RdRp (RNA depended-RNA polymerase) genes. 
This target difference can affect the accuracy of the 
SARS-CoV-2 PCR test. Niu et al.3 performed PCR 
assays targeting the ORF1ab, N, E, and RdRp genes 
of SARS-CoV-2. The primer sets of the E and RdRp 
genes showed cross-reactions with SARS-CoV, while 
the primer sets of the ORF1ab and N genes showed 
no positive reactions. Mollaei et al.4 performed PCR 
assays targeting the ORF1ab, N, S, E, and RdRp genes 
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of SARS-CoV-2. The primer sets of the ORF1ab and 
N genes showed the highest sensitivity and specificity 
and the least false- negatives. In contrast, the primer 
sets of the E gene showed the lowest sensitivity and 
the most false-negatives. Therefore, the ORF1ab and 
N targets seem to be more reliable than the E, RdRp, 
and S targets. Besides, dual-target assays can further 
reduce the false-negative results originating from the 
gene targets.

PCR Method Sensitivity
PCR method sensitivity is of high importance when 
the viral load is low. Lu et al.5 used a digital PCR 
(dPCR) instrument, DropX-2000, and assay kits to 
detect SARS-CoV-2 in samples with low viral load. 
This dPCR assay with a 10-fold lower detection 
limit allowed a more accurate diagnosis of SARS-
CoV-2 with fewer false-negatives compared 
to the official PCR assay. Huang et al.6 utilized a 
fluorescent probe and a custom CRISPR Cas12a/
gRNA complex to detect SARS-CoV-2 target 
sequences amplified by standard PCR. As a result, 
the detection sensitivity was improved from 5 to 
2 target copies per sample, and the invalid results 
were eliminated when compared to conventional 
PCR. Garg7 reported that six coronavirus 
disease 2019 (COVID-19) patients consistently 
tested negative by conventional PCR, while they 
tested positive by multiplex PCR with a BioFire 
Respiratory Panel 2.1. Therefore, highly-sensitive 
PCR methods can significantly reduce the false-
negative results caused by insufficient SARS-CoV-2 
load.

Co-Infection with Other Viruses
There are reports indicating that co-infection with 
other viruses may cause the false-negative results of 
the SARS-CoV-2 PCR test. Lai et al.8 stated that co-
infection with influenza A, one of the most common 
co-infective viruses among COVID-19 patients, may 
cause initial false-negative PCR results for SARS-
CoV-2. In addition, Zhao et al.9 reported that a 
COVID-19 patient with a history of hepatitis C virus 
(HCV) and human immunodeficiency virus type 1 
(HIV-1) co-infection continuously tested negative 
by PCR on different specimens at various times and 

showed delayed antibody responses against SARS-
CoV-2. Therefore, SARS-CoV-2 infection cannot 
be ruled out based on a negative PCR test when 
a patient is co-infected with other viruses, such as 
influenza A, HCV, and HIV.

Conclusion and Global Health 
Implications
In this letter, we offer some considerations to 
minimize the false-negative results of the SARS-CoV-2 
PCR test with the following suggestions: (1) avoid 
thermal inactivation of SARS-CoV-2; (2) dual-target 
the ORF1ab and N regions of the SARS-CoV-2 
genome; (3) apply highly-sensitive PCR methods; 
and (4) further evaluate SARS-CoV-2 PCR-negative 
patients co-infected with other viruses.
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