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Abstract
The reverse transcription-polymerase chain reaction (RT-PCR) test to detect SARS-CoV-2, the virus causing
COVID-19, has been regarded as the diagnostic gold standard. However, the excessive sensitivity of RT-PCR
may cause false-positive outcomes from contamination. Again, its technical complexity increases the
chances of false-negatives due to pre-analytical and analytical errors. This narrative review explores the
elements contributing to inaccurate results during the COVID-19 pandemic and offers strategies to
minimize these errors. False-positive results may occur due to specimen contamination, non-specific primer
binding, residual viral RNA, and false-negatives, which may arise from improper sampling, timing, labeling,
storage, low viral loads, mutations, and faulty test kits. Proposed mitigation strategies to enhance the
accuracy of RT-PCR testing include comprehensive staff training in specimen collection, optimizing the
timing of tests, analyzing multiple gene targets, incorporating clinical findings, workflow automation, and
implementing stringent contamination control measures. Identifying and rectifying sources of error in RT-
PCR diagnosis through quality control and standardized protocols is imperative for ensuring quality patient
care and effective epidemic control.

Categories: Epidemiology/Public Health, Infectious Disease, Healthcare Technology
Keywords: clinical, contamination, coronavirus, covid-19, detection, false-negative, false-positive, molecular
diagnostics, rt-pcr, sars-cov-2

Introduction And Background
Molecular diagnosis is the medical testing discipline that employs a set of molecular methods. Molecular
diagnostics aims to improve detection, diagnosis, sub-classification, prognosis, and therapeutic response
monitoring by identifying certain genetic traits [1]. The development of nucleic acid probe technology was
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made feasible by our growing knowledge of the chemistry of nucleic acid hybridization [2]. Now that nucleic
acid amplification technology exists, it is possible to identify and characterize microorganisms without first
cultivating them. For many species that are hard to detect, molecular approaches are now the most reliable
means of detection. The nucleic acid amplification through the in vitro method has been simplified and
expedited with the advent of the polymerase chain reaction (PCR) and other established amplification
techniques [1,3]. In 1993, for the first time, Higuchi developed a straightforward, quantitative method for
any amplified DNA sequence; this method came to be known as real-time polymerase chain reaction (PCR)
[4]. Molecular biology has revolutionized diagnostics by improving the care of infected patients, particularly
against infectious diseases [5]. Since 1980, after the discovery of PCR, much research work has been done,
making it possible to use molecular tests in many areas of routine clinical microbiology [4]. Molecular
biology uses these analytical tools in many techniques and various ways [5]. Real-time reverse transcription-
polymerase chain reaction (RT-PCR) is an increasingly crucial diagnostic technique in diagnostic
laboratories [4]. The term "RT-PCR" refers to a process in which complementary DNA (cDNA) is produced
from RNA through reverse transcription (RT). Subsequently, a particular cDNA is amplified using a
polymerase chain reaction (PCR) (Figure 1) [4]. This method of detection and quantification of mRNA is
currently the most efficient and accurate. Virus detection and microbial cell viability testing are two of the
most common applications of RT-PCR.

FIGURE 1: Illustration showing the steps in RT-PCR.
RNA: ribonucleic acid; DNA: deoxyribonucleic acid; cDNA: complementary deoxyribonucleic acid; dNTP:
deoxynucleotide triphosphate; PCR: polymerase chain reaction; RT-PCR: reverse transcription-polymerase chain
reaction; oligo dTs: oligonucleotide deoxy-thymidines

Image credit: Shahad Saif Khandker

Through this approach, the PCR products are detected, confirmed, and quantified in real-time utilizing
fluorescent-labeled probes. PCR-based systems that can detect genetic variants that may cause a specific
disease from clinical samples without the need to grow them in a lab have been helpful for quickly finding
microorganisms that cannot be grown in a lab or are hard to grow [6]. Also, subsequent analysis of amplified
microbial DNA makes it possible to track the pathogen and learn more about it. Different methods have been
used to find subspecies-level differences, essential in the prognosis and treatment of some diseases. Other
necessary steps include figuring out how much virus is in the body/determining pathogen load and finding
the genes or mutations in genes conferring important phenotypes, i.e., drug resistance [6]. The application
of automation and easy-to-use software has made it usable for more and more laboratories with personnel
without broader expertise.
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Coronaviral disease 2019 (COVID-19), initiated through the virus named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has substantially impacted diagnostic microbiology. Researchers have applied
many detection techniques to meet growing demands and combat the devastating pandemic. These are
determined by virological testing using RT-PCR, in which swabs (i.e., nasopharynx and oropharynx), saliva,
feces, and a chest radiograph are utilized and monitoring the levels of inflammatory mediators, such as
cytokines, in real-time [7]. RT-PCR is the most used technique for detecting messenger RNA (mRNA) and
quantification techniques that can determine the existence of coronavirus genes in a biological specimen
[8]. The RT-PCR test is the gold standard for COVID-19 disease diagnosis in clinical and research settings [9].
Because of the closed system in which amplification and detection occur, real-time PCR techniques reduce
diagnosis time and contamination hazards [4]. However, false-negative and false-positive results were
reported in RT-PCR molecular diagnosis. Many diagnostic laboratories in low- and middle-income countries
(LMICs) did not have the necessary infrastructure or trained technical personnel to develop and interpret
RT-PCR tests; however, the massive need for tests as a result of the increase in COVID-19 infections at the
beginning of the pandemic imposed the need to accelerate the implementation of these tests, with all the
challenges that this implied, among these: differences in sensitivity of commercial tests, the lack of
knowledge on the limit where the cycle threshold (CT) values indicate an infectious viral load, and the
absence of correlation of the patient's clinical information in the CT values interpretation [10]. In this review
article, the authors comprehensively discussed the reasons behind the false-positive and false-negative RT-
PCR results, particularly during the COVID-19 pandemic, along with the strategies and essential
precautionary steps to mitigate generating false results in RT-PCR-mediated diagnosis. 

Problem statement of this study
There are devastating consequences to false-positive and false-negative molecular test results, especially
during a pandemic like COVID-19. When an incorrect test result misleads a doctor, the patient risks not
obtaining the care they need or waiting too long for treatment. Patients can experience psychological
damage from needless and intrusive follow-up testing [11]. This issue is not just theoretical; in March 2020,
the Centers for Disease Control and Prevention in the United States revoked testing kits because they saw an
elevated rate of false-positive reports due to reagent contamination [12]. On the other hand, if an infectious
disease like COVID-19 is not correctly diagnosed, it may spread more rapidly. False-positive results before
surgeries, unnecessary cancellation of treatment or postponement, and urgent admissions pose a higher
chance of infection if the patient follows the incorrect course in hospital settings [9]. False-positive results
have also created severe problems in the management and treatment of some harmful diseases, like breast
cancer. Vohra et al. conducted a study in Pakistan and found that 4.9% of asymptomatic patients had
COVID-19 before surgery [13]. The false-negative result was also inauspicious for these kinds of patients.
Wei et al. assessed the clinical features of COVID-19-affected breast cancer patients as well as the risks
associated with anti-cancer treatment. When compared to other breast cancer patients, individuals who
started chemotherapy within seven days of the initiation of COVID-19 symptoms had a significant
correlation with COVID-19 severity, along with severe neutropenia [13]. False-negative test findings might
do more considerable harm than false-positive ones. Persons infected with a virus like SARS-CoV-2 but
getting negative results will do their normal daily activities and spread the disease to their family members
and others in their surroundings [14]. RT-PCR is widely recognized as the gold standard for diagnosing
COVID-19, providing rapid and accurate virus detection. However, low and middle-income countries
(LMICs) have encountered significant challenges in implementing RT-PCR testing. The healthcare crisis
exacerbated by emerging variants of SARS-CoV-2, coupled with insufficient infrastructure and untrained
personnel, has led to the occurrence of false-positive and false-negative results. These inaccuracies have
had severe repercussions for patient care and disease control, resulting in unnecessary treatments and
further spread of the disease.

Proper steps are necessary to mitigate the false-positive and false-negative test results and enable the
physicians and other clinical staff to be more confident regarding adequate patient treatment. Moreover, in
cases like COVID-19, reducing erroneous results may decrease the frequent spreading of coronaviruses like
infectious diseases.

Objectives of this study
This narrative review aims to point out the potential sources and reasons that may lead to the generation of
false-positive or false-negative results in RT-PCR testing and to comprehensively discuss the strategies to
minimize erroneous RT-PCR results based on the information obtained from the previously published
articles and relevant sources (Figure 2).
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FIGURE 2: Major objectives of the study.
mRNA: messenger ribonucleic acid; cDNA: complementary deoxyribonucleic acid; PCR: polymerase chain
reaction; RT-PCR: reverse transcription-polymerase chain reaction

Image credit: Shahad Saif Khandker

Review
Materials and methods
Since the sole aim of this review study was to discuss the reasons for false results in RT-PCR testing,
particularly for the diagnosis of SARS-CoV-2 during the COVID-19 pandemic, relevant information was
searched out and extracted from articles available in three major online databases, e.g., Google Scholar,
ScienceDirect, and PubMed, using specific keywords, e.g., "RT-PCR," AND "false-positive," AND "false-
negative," AND "false-results," AND "SARS-CoV-2", AND "coronavirus," AND "COVID-19", AND "detection,"
AND "contamination," etc. The search keywords were applied in different combinations and adjusted by the
Boolean operators (AND, OR). Relevant data were also collected from articles available in ResearchGate, as
well as various recommendations, guidelines, and investigation reports published by the World Health
Organization (WHO) and the Centers for Disease Control and Prevention (CDC) (Figure 3). The authors
carefully selected the articles and extracted information to be included in the review. No restrictions
regarding publication year limit, specific study design of the articles, or article type, e.g., original research,
review articles, systematic review articles, meta-analyses, book chapters, case reports, correspondence,
news, short communications, mini-reviews, editorials, etc. were applied by the authors during searching
articles. Only articles written in English were decided to be included in this review.
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FIGURE 3: Schematic diagram illustrating the methodology of the study.
WHO: World Health Organization; CDC: Centers for Disease Control and Prevention; RT-PCR: reverse
transcription-polymerase chain reaction; n: number of included articles

Image credit: Dewan Zubaer Islam

Review of literature
Factors Contributing to False-Positive Results

When an actual negative result is wrongly diagnosed as positive, this condition is known as a false-
positive [15]. The first false-positive findings were published in 1988 by Lo et al., where it was reported that
PCR primers designed to detect the hepatitis B virus (HBV) had been contaminated with plasmid DNA, which
contained a full-length HBV insert [16]. A false-positive test incorrectly identifies a specific infection as
engaged, but the condition is not current [14]. Therefore, positive test outcomes do not always confirm the
presence of a disease or virus in the body. RT-PCR is the procedure that collects results throughout the PCR
process as it amplifies the DNA or processes RNA through reverse transcription. There is an initial
recognition of target amplification. There is also a point where the fluorescence intensity becomes more
significant than the background fluorescence; that time is known as the threshold cycle (Ct) [17]. Viral load
is inverse to the Ct value, characterized by higher viral load in clinical specimens correlating to lower Ct
values shown in RT-PCR [18]. Suppose the viral load is higher for a more extended duration in patients
severely affected during regular PCR testing; after a period, false-positive might occasionally be identified
for these cases because of having an inactivated virus in the body [18]. Some common factors contribute to
false-positive results in the molecular laboratory (Figure 4). These include contamination from earlier
amplified products, the existence of exogenous target DNA in the water, chemical reagents, and kits, as well
as in the sterile blood culture material, a poorly designed primer, poor amplicon conditions, and
contamination caused by the people working in the laboratory [4,19].
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FIGURE 4: Block diagram of false-positive and false-negative results in
molecular diagnostic.
QC: quality control; RNA: ribonucleic acid; RT-PCR: reverse transcription-polymerase chain reaction

Image credit: Dewan Zubaer Islam

Surface contamination: This may happen in the sample collection room and laboratory working areas,
especially during the diagnosis of COVID-19. The most probable zones of surface contamination are the
sample collection booth, sample processing or extraction area, and template addition area. The hospital
area where the infected patients are treated is also the most common zone of surface contamination [20,21].
Viral and bacterial contamination is widespread and often occurs if improperly handled. A COVID-19-
infected person can quickly spread the virus around the area where he resides and the sample collection
room. Mouchtour et al. collected environmental samples from a ferryboat, a nursing home, and a hospital
ward where COVID-19 patients were isolated with proper safety during an ongoing inquiry into a COVID-19
outbreak. They detected RNA of SARS-CoV-2 on the cover of the air drain duct, a screen for the hospital,
ship, and cabin air release that opened onto the deck. Infected persons have displaced respiratory
droplets/nuclei on the air ducts and the ship's air ventilation system evacuation screen on the open deck
[22]. Many suspected COVID-19 cases had to come to the sample collection area for sampling. They might
spread the surface of the sample collection area. If a genuinely negative person provides an example of an
environmentally contaminated area, their result may be falsely positive [22]. If surface contamination
occurred in the laboratory where the diagnosis was performed, it could have been responsible for false-
positive results [14].

Air contamination in the sample collection area and the laboratory: Although a symptomatic patient has
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been reported to manifest broad surface contamination with SARS-CoV-2, little is known regarding SARS-
CoV-2 transmission through the air [21,23]. The obliviousness of the sample collectors, the laboratory
personnel, and the infected patients can contaminate the surface area and the air of the sample collection
room and the laboratory. One study examined the air in patients' cabins and bathrooms oriented toward the
identical air exhaust duct. These individuals were either sick or asymptomatic. They also discovered that
SARS-CoV-2 RNA was present on the filter surface and inside the air conditioning unit. They detected viral
RNA in one of the 12 air samples [16]. These observations indicated that the airflow might have moved
droplets or nuclei emerging from the respiratory systems of infected patients [24]. So, if the positive sample
or positive control is exposed in the laboratory room, it could contaminate the air and give false-positive
results. Inhalation of vaccine aerosols by vaccinators may also generate false-positive results if their
nasopharyngeal or oropharyngeal samples are diagnosed by RT-PCR [25].

Technical errors: False-positive findings can be attributed to technical issues such as contamination during
the sample processing period; for instance, if the unknown sample accidentally contacts a contaminated
hand or surface or contamination of PCR amplicons and reagents [9]. Contaminations of commercial
primers/probe sets can also contribute to false-positive results [19]. Operator errors, e.g., improper
placement of specimens in a testing plate, incorrect plate formatting, and cross-contamination from the
specimens that have a high viral load with low viral specimens, especially in adjacent wells of test plates, are
the common reasons behind false-positive RT-PCR results, as reported by Layfield et al. [26]. Cross-
contamination increases when collecting or working with a large number of samples. This is especially true
in two-step RT-PCR, where RNA extraction and polymerization are performed in separate tubes [27]. During
molecular testing, it is possible to get false-positive results due to cross-reactions with different viruses or
other genetic material, as well as cross-contamination of negative samples with positive ones and positive
ones with negative ones [9].

Error in distinguishing infectious and non-infectious viruses or residual RNA and high sensitivity: Lan et al.
found positive RT-PCR results in patients who had already recovered from COVID-19; however, the test was
incapable of distinguishing between live viruses and non-infectious viruses or residual RNA, and as a
consequence, the result was misled towards being false-positive [7,28]. RT-PCR tests can detect inactive or
active viruses and give positive results. However, the clinical specimens are at such a low concentration that
they cannot cause infection or any harm to the body. Amongst them were endogenous and exogenous
factors, such as blood or nasal spray ions or compounds that replicated the test cassette's pH, which could
influence the test results. It has the potential to provide erroneous positive findings [29].

Genetic homology and non-specific bindings: Genetic homology among microorganisms and non-specific
bindings of nucleic acids during molecular testing make it difficult to identify true positives. Because the
targeted areas of the genes in both SARS-CoV-2 and SARS-CoV have similarities, Van Kasteren et al.
discovered that some tests could identify both virus strains. In some cases, the similarity between SARS-
CoV-2 and other infections, respiratory tract organisms, or colon organisms might lead to false-positive
findings [27]. Fluorescence, primer dimers, probes, short oligonucleotide primers, or fluorescent dyes that
engage nonspecifically with double-stranded DNA (dsDNA) or even single-stranded DNA (ssDNA) might be
to blame for producing false-positive findings in RT-PCR. In addition, diverse techniques utilize various
genes and probes, some of which may not be equal. Therefore, the limits of detection (LoD) for those
numerous assays can vary by a factor of one hundred [30]. The widespread usage of rapid diagnostic tests
(RDTs) required personnel to have more relevant skills and adequate knowledge about RT-PCR laboratory
processes and reasons for false-positive results [14]. False-positives may also be generated for cross-reaction.
Serological tests generally diagnose dengue in dengue-endemic areas where cross-reaction of dengue
samples in COVID-19 serological tests or vice versa causes misinterpretation. Research has found 14%
cross-reactivity within dengue virus and SARS-CoV-2 antibodies during serological testing [31].

Excessive use of RT-PCR: To meet the current demand, increased RT-PCR use by untrained persons and
inadequate RT-PCR laboratory processes maximize the likelihood of producing false-positive results [14].
Other reasons for false-positives are inadequate laboratory experience, probes, types of fluorescence in the
kits, and a positive person performing the detection procedure [14]. Even if a person does not have an active
SARS-CoV-2 infection during testing, COVID-19 nasal swab test results may indeed be influenced and
appear indecisive if SARS-CoV-2 nucleic acid contamination enters the nasal pathway through inhalation or
touching the face with contaminated hands. These individuals might not have any symptoms and may not
have had any contact with a COVID-19-positive person [32]. The chance of false-positive results increases
when too much target DNA is handled when real-time PCR standard curves are set up or when positive
control templates are used [33]. Mislabeling during collection or processing, contamination while sampling
and processing the specimen, and low-quality reactions in PCR may generate false-positive results [34].

Factors Contributing to False-Negative Results

When a test wrongly indicates that the pathogenic condition does not exist, it is known as a false-negative
[35]. People infected with negative test results do not know whether they are sick since they are unaware of
their infection status. Based on the results of their tests, they can build a false feeling of security. These
individuals threaten further transmission of the illness, which might increase the disease's prevalence [14].
The rate of false-negative for SARS-CoV-2 in respiratory specimens has varied between 1% and 30%,
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depending on the study [36]. In a study examining the features of SARS-CoV-2 conversion in 70 COVID-19
patients, 21.4% of the patients experienced a "turn positive" of nucleic acid detection by RT‐PCR test after
two consecutive negative findings [37]. A systematic review and meta-analysis report by Pecoraro et al.
revealed that in RT-PCR tests, up to 58% of COVID-19 patients have a risk of getting false-negative results
[38].

The possibility of false-negative results in molecular diagnostics depends on many factors, mainly sampling
and technical reasons [39]. Researchers have hypothesized two primary causes of detection failures:
preanalytical and analytical errors [40]. Some common factors that are responsible for false adverse
outcomes in the molecular laboratory are the presence of PCR inhibitors in the reactions; improper
extraction, handling, and storage techniques; accidental loss of the template nucleic acid target; nucleic
acid template digestion by endogenous DNases and RNases; poorly designed primers; having low sensitivity
and specificity of nucleic acid; and common amplicon conditions (Figure 5) [4]. Also, false-negative results
may occur because of faulty transportation of specimens, insensitivity of the testing platform caused by
inherent shortcomings, misidentification, too-early or too-late sampling, viral load kinetics in different
anatomic sites, genetic diversity, and low-level inadvertent contamination during sample collection and
processing [41-45]. For example, Lomas et al. reported that false-negative PCR results could be caused by the
unintentional introduction of glove powder into the tube while changing the gloves to reduce false-positive
results caused by contamination. However, it is widely acknowledged that using powdered gloves constitutes
poor practice in handling specimens intended for subsequent processing in molecular biology [45].

FIGURE 5: Possible reasons for false-positive and false-negative RT-
PCR results.
QC: quality control; RT-PCR: reverse transcription-polymerase chain reaction

Image credit: Shahad Saif Khandker

Pre-Analytical Factors

Suboptimal specimen collection: In molecular diagnostics, when nasopharyngeal swabs are frequently
requested for respiratory viruses to look for SARS-CoV-2, findings regarding false-negative results might be
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attributed to improper specimen collection. Because it includes inserting the swab into the posterior
nasopharynx, the collection of a specimen of excellent quality is a task that calls for prior training and
experience. After inserting the swab to a depth of around 7 centimeters, the user will rotate and remove it
[46]. Inadequate nasopharyngeal sampling, especially in the presence of nasal obstructions and sampling by
untrained personnel, may cause false-negative results [47]. Zimmer et al. commented that inadequate
sampling, e.g., taking a throat swab instead of a nasopharyngeal swab, may lead to false-negative RT-PCR
results [41]. A team measured the amount of human deoxyribonucleic acid (DNA) extracted from
nasopharyngeal swabs to evaluate the possibility that inadequate sample collection was the root of false-
negative test findings. Human DNA might act as a reliable molecule-based identifier of the overall quality of
the specimens gathered [48]. The study observed significantly low levels of human DNA in nasopharyngeal
swab samples suspected to be false-negative, compared to a group of samples taken in order where the
introductory period of the test was similar [48]. According to this observation, even in the lowest percentile
of specimens, the human ribonuclease P-RNA level was still well enhanced before the critical threshold of
40. Still, the threshold may not be adequate for improperly collected samples to provide accurate results
[48,49].

Inappropriate timing of sample collection: Another reason people could obtain a false-negative test result
even though they might genuinely be positive for a virus is that they might collect their samples at the
wrong time of the infection cycle. This can happen if they test too early in their illness or too late in their
infection. Several prior studies have provided narratives of individuals who were subjected to testing. AI and
colleagues accomplished a retrospective study using 1,014 patients affected by SARS-CoV-2. At the time of
the initial submission, RT-PCR results were negative for 413 (41%) of these individuals [50]. Xie et al. did the
same thing, looking at 167 infected patients. At the initial presentation, RT-PCR results were negative for
five (3%) patients [51]. When evaluating swabs that were obtained zero to six days after the beginning of
symptoms, Fang et al. discovered that RT-PCR could identify only 36 out of 51 (71%) of the patients infected
by SARS-CoV-2 [52]. Liu et al. and Zhao et al. concluded that the percentage of infected patients with
positive test results decreased with time after their symptoms began [51,53]. Song and Pan et al. stated that
viral load could be smaller than the limit of quantitation (LoQ) during the primary and late stages of
infection [54,55]. Strong immunity against SARS-CoV-2 infections, notably among young patients, may also
result in low viral loads in samples that may eventually cause false-negative RT-PCR results [54].

Labeling errors: Errors in labeling can lead to incorrect medication or therapy withholding in patients.
Misidentifying a patient or the patient's material can be an error that may occur during the labeling process
for laboratory specimens [56]. It is also possible that the place from which the material was acquired is
incorrectly identified, and mistakes of this type might lead to considerable patient uneasiness and even
injury. Only a few studies have been done to document the error rate in the anatomical pathology laboratory
[56]. A research group reviewed an experiment with wrongly labeled specimens for 18 months in a
laboratory and calculated the error percentage per case. The research found 75 labeling mistakes,
representing 0.25% of the total instances. Of these 75 errors, 55 (73%) included the patient's name, 18 (24%)
related to the location, and the majority of the mislabeling, 52 (69%), took place in the laboratory [57]. In the
specific case of COVID-19, labeling errors were more frequent during peak cases due to the large number of
samples being tested simultaneously and the collapse of health systems operating beyond their capacities.
An inappropriate specimen that is not labeled can create confusion at the time of testing and may result in
false-negatives during molecular testing.

Specimen storage and transportation: In the LMICs, the tests were centralized in the main cities at the
pandemic's beginning. Hence, the samples had to be transported long distances, and maintaining the cold
chain during transportation represented a challenge [10]. A study took 30 COVID-19-positive samples and
divided them into two groups for storage: one at 4°C and another at room temperature. They also classified
the positives into three categories based on the CT values: low (CT value <25, number of cases n: 12),
medium or moderate (CT value 25-32, n: 11), and high (CT value 32-38, n: 7) [58]. They discovered one high
CT sample at ambient temperature was negative after 24 hours, and one sample at 4°C was negative after
four days. On day 12, they discovered seven positive specimens from the ambient temperature group, and
two positive specimens from the 4°C group were false-negative [58]. However, after three days, the CT values
of the specimens from the 4°C group were almost unchanged [58]. The respiratory specimens should be
maintained between 2- 8°C until 72 hours following collection. If a delay in the testing or transportation is
anticipated, the specimens must be kept in a cold environment, maintaining a temperature of -70 °C or
lower [59]. A false-negative result may be obtained from the sample if the temperature is not correctly
controlled. Inadequate sample transportation and storage conditions, such as a faulty cold chain and
extended time spent in transit, can produce false-negative findings [40,60]. Essential medium (MEM),
phosphate-buffered saline (PBS), saline, and viral transport medium (VTM) should indeed be utilized during
the duration of transport or storage [61]. Swab samples should be collected in an appropriate tube that is
either vacant or consists of either viral transport medium (VTM), Amies transport medium, or sterile saline,
as per the recommendations of the CDC and WHO for SARS-CoV-2 tests. These recommendations state that
the swab samples must be put in a proper transport tube [59]. Otherwise, the rate of false-negatives may
increase.

Contaminations: Because whole blood freezing and the use of improper additives might cause interference
with tests, the sample may contain components that could cause problems, such as the release of cellular
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particles [62]. During the processing of samples, a variety of operational issues may occur. Pipetting
mistakes can occur during the manual preparation of samples or the aliquoting of the specimens or reagents.
The laboratory may experience several points during testing, including cross-contamination and sample
mismatching [63]. Because of these issues, the accuracy of the molecular tests can be called into question.
Even trace quantities of foreign DNA in a sample might lead to inaccurate test results if the model is
contaminated [62].

Analytical Factors

Low viral-loaded samples: Low viral loads in collected samples are among the major causes of false adverse
RT-PCR outcomes. Swab samples collected from the nasopharynx may generate false-negative RT-PCR
results due to inadequate viral particle quantities in these areas [64]. The RT-PCR method is relatively
sensitive, but it has some limitations. A clinical investigation observed that a subset of individuals with
fever and indicative manifestations of viral pneumonia, specifically lower lobe lung lesions, initially tested
negative for the virus in throat swab nucleic acid tests employing RT-PCR. The viral presence was not
confirmed until five to six days following the onset of viral pneumonia. These cases were identifiable
through chest computed tomography (CT) scans despite the virus remaining undetected through the tests
above [65]. Noteworthy is the documentation of approximately 60% of SARS-CoV-2 infections being
asymptomatic, with anticipation that merely 30 to 60% of COVID-19 patients could yield positive findings,
subsequently established through chest CT and supplementary diagnostic methodologies [66,67]. A recent
cohort study conducted at a residential university in Bangladesh indicated a reduced ability of RT-PCR to
detect asymptomatic COVID-19 infections [68].

Expired or QC-failed kits or reagents and invalid assays: An experimental group discovered that the
specificity of an OraQuick ADVANCE® kit (OraSure Technologies, Inc., PA, USA) with one month to
expiration decreased significantly, implying that an expired or QC-failed kit was associated with a false-
negative result [69]. Inadequate material, low quality or volume, and invalid assays may lead to erroneous
results [40]. Most medical and diagnostic products have an expiration date to ensure their reliability and
effectiveness. Using an expired kit can compromise the integrity of the reagents or components, leading to
unreliable results. If a reagent fails quality control (QC), it may not meet the required specifications or
standards for reliable and accurate results. The reliability of results obtained using that kit would be
questionable or compromised. Quality control is essential in ensuring the accuracy and precision of
laboratory tests. When a reagent fails QC, it suggests that the kit may not perform as intended. Using a
reagent that cannot maintain QC may lead to inaccurate or unreliable results, potentially impacting the
validity of experiments or diagnostic tests. Depending on the design of the test, it might give either a false-
positive or negative diagnosis [59].

Mutations of genes and diagnostic accuracy: The occurrence of false-negative RT-PCR results can be
attributed to the lack of a "standardized universal primer(s)" (SUP). Different regions and nations use
different primers and probes for RT-PCR testing, leading to discrepancies caused by virus mutations at the
primer annealing site [70]. In one approach, the E gene is used as the primary screening assay after a
corroboratory testing method using an RNA-dependent RNA polymerase (RdRp) assay. Kits, e.g., GeneFinder
(OSANG Healthcare, South Korea), which has been widely used since 2020 and approved by the FDA, already
used the N gene as a confirmatory assay [40]. Concerning the CDC test, three sets of N gene-specific primers
and probes are intended for widespread identifications of SARS-CoV-2. About the CDC test, three N gene
primer/probe sets are intended for widespread identifications of SARS-like coronaviruses and to determine
SARS-CoV-2. In addition, another set of primers and probes is designed to detect the human RNase P gene
(RP) in control samples. These are the components that make up the test [71].

Another significant problem that has come to light is the possibility of active gene recombination and
mutation. Mutation at the target site has occurred in different SARS-CoV-2 variants, which is responsible for
generating false-negative results due to the failure of primer-probe binding to the targeted site during
detection. Research suggests alterations in the spike proteins of the beta variant may facilitate evading the
immunological response mechanism [72]. Artesy et al. documented that Roche has linked a cytosine-touracil
(C-to-U) mutation at position 26340 of the SARS-CoV-2 genome to the malfunction of the cobas system. The
cobas system utilizes a dual-target quantitative reverse transcription polymerase chain reaction (qRT-PCR)
assay designed to detect both the ORF1ab region and the E gene of the SARS-CoV-2. This mutation leads to
false-negative results for the E gene qRT-PCR while yielding positive results for the ORF1ab region [73].
Hasan et al. have disclosed a newly identified point mutation within the N gene at C29200A of the SARS-
CoV-2 genome, which has been found to impact the detection of the virus using the Cepheid Xpert Xpress
SARS-CoV-2 (Xpert) assay (Cepheid, CA, USA), an FDA-approved qRT-PCR-based test for COVID-19 [74].

Additionally, Zieglar et al. have reported a single nucleotide polymorphism (SNP) at C29200T in the N2
region of SARS-CoV-2, which has been observed to affect detection utilizing the N2 primer/probe set of the
Cepheid Xpert Xpress SARS-CoV-2 assay [75]. Vanaerschot et al. have indicated that a single polymorphism
at G29140U in the forward N gene primer binding site could also potentially compromise the sensitivity of
RT-PCR, thereby implicating an adverse impact on viral detection [76]. The error-prone RNA-dependent
RNA polymerases found in coronavirus are likely to blame for any mutations. Shen et al. reported notable
findings relating to the diversity of viral strains within infected individuals, identifying a median of 4 inter-
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viral variations. This observation indicates the rapid evolution of SARS-CoV-2. In a separate study, Yi
discovered up to five distinct SARS-CoV-2 haplotypes, suggesting active genetic recombination [77,78]. Such
viral evolution likely contributes to variations in immune response, virulence, pathogenicity, and
transmissibility.

Moreover, mutation rate fluctuations may compromise RT-PCR detection accuracy [79,80]. Other analytical
causes of false-negative results are tests performed outside the diagnostic opportunity, disconnected
primers and probes, non-specific PCR annealing, misinterpretation of the results, and mechanical errors
[40]. Many risk factors are responsible for false-positive and false-negative results. Some common factors
may cause both, and some are specific to only one false result (Table 1).

Risk factors
Possibility of occurring (false-positive
results)

Possibility of occurring (false-negative
results)

Contaminations Yes Yes

Technical problems Yes Yes

High sensitivity Yes No

Genetic homology and non-specific
bindings

Yes No

Genetic mutations No Yes

Suboptimal specimen collection No Yes

Labelling errors Yes Yes

Storage and transport No Yes

The low viral-loaded sample No Yes

Invalid assay Yes Yes

Excessive test Yes Yes

Residual RNA Yes No

Misinterpretation of the results Yes Yes

TABLE 1: Major risk factors and sources of false-positive and false-negative results.

Mitigation Strategies for False-Positive and False-Negative Results

False-positive and false-negative diagnoses have detrimental implications for patients, doctors, and others
[34,81]. Accurate diagnostic assays for SARS-CoV-2 have raised a significant obstacle to COVID-19
diagnosis. It is the primary barrier, particularly in a case that requires urgent treatment [14]. Accurate
laboratory testing is necessary for diagnosing and treating infectious illnesses, especially given these
conditions' rapid emergence and spread [35]. We cannot stop the spread of COVID-19 if we fail to interpret it
correctly in the molecular laboratory. We must learn how it occurs and the mitigation strategies to reduce
false-positive and false-negative results of these molecular diagnoses (Figure 6).
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FIGURE 6: Mitigation strategies for false-positive and false-negative RT-
PCR results.
HVAC: heating, ventilation, and air conditioning; UV: ultraviolet; RT-PCR: reverse transcription-polymerase chain
reaction

Image credit: Dewan Zubaer Islam

Collecting adequate specimens: A trained worker is required during sample collection to reduce collection
errors. For COVID-19, the insertion of a swab is around 7 cm in depth, followed by rotation and revocation
of the swab. Material should be collected from both the nasopharyngeal and oropharyngeal cavities using
swabs featuring a synthetic tip, such as nylon or Dacron, according to the guidelines provided by the Centers
for Disease Control and Prevention (CDC) in the United States [82]. Specimens from the lower respiratory
tract can be collected when the collection device has a shaft made of aluminum or plastic [82]. The swab
should be inserted into the nose parallel to the palate, held in place for a few seconds, and placed in the
oropharyngeal cavity to allow for secretion and absorption. Following collection, the swab should be put into
a sterile tube containing 2-3 mL of viral transport media [40]. During oropharyngeal (e.g., throat) specimen
collection, it was noted that swabbing the posterior pharynx during this time with the tongue should be
avoided and that rapid insertion of the swab into another different viral transport medium should be
performed. Failing to follow the methods provided might be a substantial source of diagnostic mistakes [83].
Utilizing samples from the lower respiratory tract, such as bronchoalveolar lavage (BAL) or bronchial
aspirates, may reduce the incidence of false-negative outcomes owing to the abundance of viral loads in
these areas. However, this approach necessitates invasive methodologies such as patient intubation, thereby
restricting its widespread applicability [64]. A recent study by Chen et al. has elucidated the efficacy of a
well-designed microneedle patch comprising two distinct cross-linked clusters in conjunction with SARS-
CoV-2 spike-specific antibodies, demonstrating enhanced tissue penetration and efficient virus capture. This
microneedle patch containing modified heads of regular oropharyngeal swabs reduces the risks of false-
negative results caused by inefficient sampling and swabs containing low viral loads [84]. Specimens
collected from multiple anatomic sites, e.g., collecting stool and blood samples alongside respiratory
samples, can reduce the chances of generating false-negative results [44,85].

Laryngotracheal aspiration test (LTA) can be applied instead of nasopharyngeal swabs (NPS), as LTA showed
more feasibility and safety and reduced false-negative results during RT-PCR testing. When tested on
suspected SARS-CoV-2 patients, the LTA method outperformed serial nasopharyngeal swabs and
bronchoalveolar lavage (BLA) and had a higher negative predictive value than nasopharyngeal swabs [86].
Zhang et al. have emphasized the imperative nature of cellular materials, specifically infected host cells, in
detecting SARS-CoV-2 and mitigating false adverse outcomes. They have proposed the utilization of Ct
cutoff values for the RPP30 gene to anticipate false-negative RT-PCR results for SARS-CoV-2 RNA, ensuring
heightened sensitivity (95.03%-95.26%) and specificity (83.72%-98.55%) [87].

Proper timing of specimen collection: In a study by Kucirka et al., it was noted that the false-negative rate
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reaches its lowest point three days after the onset of symptoms or approximately eight days after exposure.
Consequently, clinicians should wait one to three days after the manifestation of symptoms to minimize the
probability of obtaining false-negative RT-PCR results [88]. Additionally, the appropriate collection of
specimens within seven days of the onset of clinical symptoms such as ageusia and anosmia, as well as the
meticulous administration of swabs by trained technicians, have been found to significantly decrease the
occurrence of false-negative RT-PCR results [89].

Optimization of primers/probes: False RT-PCR results may occur due to using unoptimized primers, a lack of
"standardized universal primer(s)," and extensive variations in the mutations of primer-probe annealing
sites in the SARS-CoV-2 DNA. Park et al. highlighted the propensity for unoptimized primer sets to yield
false-positive results in their study. They proposed a systematic three-step approach for designing and
optimizing specific primer sets to address this. This approach involves the selection of primer sets for target
genes, particularly the RdRP, N, E, and S genes within the SARS-CoV-2 genome, in silico validation of primer
and amplicon sequences, and the optimization of PCR conditions, such as primer concentrations, annealing
temperatures to facilitate specific hybridization, and the mitigation of primer dimers [90]. Using a
combination of primers can be a good option in these cases. For instance, Tsutae et al. reported that using a
combination of primers (JPN-N2 and CDC-N2) reduced false-negative results most effectively among the
four sets of primers they used, namely JPN-N1 ('Japan's N1 primer), JPN-N2, CDC-N1, and CDC-N2 [70].

Performing additional tests alongside RT-PCR: A computed tomography (CT) scan can be performed as an
additional test with routine, conventional RT-PCR to reduce false-negative results due to its enhanced
sensitivity and rapid turnaround time [91]. Xu et al. suggested considering CT scan results, routine
hematological tests, and examining clinical manifestations to predict false-negative RT-PCR results. They
added the significant association of "ground glass opacity" in CT imaging with a lower risk of generating
false-negative results. In contrast, consolidation, basophils, and eosinophils were linked to an increased risk
of false-negative results, indicating the significance of routine hematologic examination [92].

Several hematological parameters, including aspartate aminotransferase and lactate dehydrogenase levels,
vary significantly among COVID-19-positive and negative patients. Routine analysis of these parameters
can dramatically reduce false RT-PCR results [93]. Serological assays, particularly those based on enzyme-
linked immunosorbent assay (ELISA), can minimize the limitations of RT-PCR by facilitating the detection of
asymptomatic SARS-CoV-2 infections and viral RNA in later stages of infection diagnosis [31]. The
integration of immunoassay-based microfluidic kits and other biosensor devices presents significant
potential for use alongside RT-PCR owing to their heightened sensitivity, specificity, and point-of-care
testing (POCT) capabilities, thereby reducing the likelihood of yielding false results [5]. For instance, a flow-
through dot-blot immunoassay-based microfluidic kit coupled with gold nanoparticles developed by Sil et al.
exhibited notable sensitivity, specificity, and decreased detection time in comparison to in-house ELISA or
chemiluminescence immunoassay methods [94].

Variation in RT-PCR platform and procedure: Sometimes conventional PCR platforms and the testing
procedure often generate false results. However, RT-nested PCR, a modification of traditional RT-PCR,
showed higher sensitivity with reduced numbers of false-negative results compared to the real-time PCR
technique [95]. Digital PCR, renowned for its accuracy and high sensitivity, can detect infections from
oropharyngeal or nasal swab samples due to its ability to detect low amplicons [96]. Byrnes et al. reported a
multiplexed and extraction-free amplification system that uses the CDC singleplex targets of coronavirus
and can minimize the complexity and reagent usage, as well as the necessity for skilled technicians to
operate, and holds the potential to minimize generating false-negative RT-PCR results. The system has a
LoD of 2 copies/μL with 86% and 100% sensitivity and specificity, respectively [97]. Husain et al. reported
adding two different steps in RT-PCR testing: firstly, the extraction of RNAs from multiple nasopharyngeal
or oropharyngeal samples from the same person and the creation of an RNA pool to be used for RT-PCR
testing; and secondly, the addition of nasal goblet cells, absorptive enterocytes, and type-II pneumocyte-
specific control marker genes in RT-PCR testing to reduce false-negative results [98].

Laboratory design: The WHO Laboratory Biosafety Manual (LBM), which outlines the highest standards and
establishes trends in biosafety, is widely used across all levels of clinical and public health laboratory
settings and other biomedical sectors worldwide [99]. A molecular laboratory must be organized in such a
way as to prevent the production of inaccurate results. There should be at least two places for PCR testing:
pre-PCR and post-PCR areas. It is recommended that one room or space be utilized primarily for pre-PCR
and that this area be partitioned into two further rooms or regions. One should be used exclusively for
creating the PCR master mix, while the other should be used for sample preparation or extraction [100].
Consumables and tiny equipment should be available in the space, such as a mini-centrifuge, vortex,
pipettes, tips, tubes, etc. There needs to be a minimum of two refrigerators used exclusively for their
designated purposes, one for storing the kits and another for storing the samples [32]. The first room, used
for pre-PCR activities, should be physically isolated from the second room, which will be used for post-
amplification activities such as analysis. In this room, the thermal cyclers used for amplification will be
operating, and any apparatus required for post-PCR analysis should be stored in the separate room
designated for that purpose. Post-PCR preparation should also involve using smaller equipment, such as a
mini-centrifuge, vortex, pipettes, tips, and tubes [100]. The area for master mix preparation, the same
processing zone, the location for amplification or template addition, the room for detection, and the
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donning and doffing zone all should be singleplex isolated. The routes for the master mix room, extraction
room, and detection area must be unidirectional or one-way directional [100]. A successful flow across
geographically distinct places is crucial to guarantee the lowest possible contamination risk, including PCR
amplicon carry-over contamination [4].

Heating, ventilation, and air conditioning (HVAC) system and maintenance of negative and positive air
pressure: Contamination with infectious agents in the testing facility can be avoided by adequately applying
heat and air passage and employing an HVAC system for air conditioning. However, infectious diseases like
measles, tuberculosis (TB), chicken pox, influenza, smallpox, and severe acute respiratory syndrome (SARS)
can spread through ventilation systems [101]. Patients or technicians may be more likely to get the illness if
facilities are provided through shared ducts without using high-efficiency particulate air (HEPA) filters in a
hospital or a diagnostic laboratory area [102]. During the molecular diagnosis of these samples, the
laboratory air may also be contaminated. The contaminated air is a risk for laboratory personnel and may
also be responsible for false results. HVAC systems are designed to guard against nosocomial infections, such
as measles, an RNA virus-caused airborne disease, and keep the air clean. However, HEPA filters must be
utilized in settings and outlet-exhausted tubes in such circumstances [103]. Positive pressure rooms retain
an internal pressure comparatively higher than the outside.

In contrast, the unfavorable pressure rooms maintain a lower air pressure inside to facilitate airflow from
outside. These protective room settings, known as 'airborne infection isolation rooms,' inhibit
contaminants' transmission to secure the working zones' sterility. These room settings are crucial
components of a wide range of medical and research facilities because they aid in maintaining clean
conditions [104]. In a molecular laboratory that deals with infectious samples, the laboratory sample
processing room should be set up with 100% exhaust negative air pressure, and the master mix room should
be set up with a positive air pressure system [105]. Moreover, they shouldn't share the common ducts.

Equipment and trained personnel: Appropriate one-time-use clothing like personal protective equipment,
gloves, masks, coats, mob caps, and goggles should be available in each room and often changed by the users
[106]. Each location is responsible for ensuring they have the appropriate tools, disposable devices, and
pipettes that do not contain aerosols or reagents [100]. Each work area must have its own distinct collection
of equipment and apparatus, such as racks, test tubes, test tube stands, micropipettes, centrifuges, etc., to
reduce the possibility of cross-contamination [106]. The work should be carried out within a biosafety level-
two cabinet with the airflow directed downwards, pushing aerosols away from the top of the reaction tubes
towards the base of the cabinet [107]. The detection procedure should be performed by trained personnel.
The technologists must be alert to contamination during the working period. They need to know the
potential for transferring amplification products from contaminated rooms to clean rooms via the wearer's
hair, spectacles, jewelry, and clothing [100]. The working materials of the different areas should not be
mixed to avoid RNA contamination.

Routine laboratory cleaning: It is imperative to consistently maintain cleanliness in work environments,
ensuring that all workspaces, equipment, and commonly handled items such as doorknobs, telephones, and
refrigerators are routinely sanitized [33]. Cleansers, including nitric acid (HNO3) and ethanol, poorly remove
contaminated DNA and RNA. After applying 10% bleach to the exposed surfaces of the instruments, it is
recommended to use isopropyl alcohol to eliminate any remaining traces of bleach thoroughly. The
disposable cartridge should be disposed of according to the laboratory's standard methods [108]. Wipe tests
should be regularly checked for RNA contamination because Cone et al. noted that the inhibitory
compounds forming on lab surfaces can lead the wipe test to a false-negative result [109]. Laboratory
personnel are advised to perform duplicate tests on each wipe-test sample utilizing a routinely
amplification-positive control [110].

Ultra-violet light irradiation and autoclaving: It is also suggested that ultraviolet light eliminate any
contaminated DNA or RNA. The UV light might shield surfaces like lab benches, floors, equipment,
microcentrifuge tubes, and racks against DNA/RNA contamination [106]. The principle is based on the
ability of UV radiation to cause covalent changes in DNA, such as the formation of thymidine dimers within
DNA fragments. As a template for further amplification, this contaminated nucleic acid is inactive. For the
intended function, a 254 and 300 nm wavelength combination is advised to continue for five to 20 minutes
[111]. Several publications reported that this technique has a degree of success [112]. Another issue that
needs to be considered is that UV irradiation's effectiveness is influenced by the distance between the DNA
and the UV source [113]. However, some restrictions have been placed on UV irradiation. Oligonucleotide
primers and enzymes like Taq polymerase can be damaged by UV radiation, inhibiting their activity [114].
Even though certain restrictions are associated with UV irradiation, it should be a fundamental component
of every PCR lab. UV light should also be used at the entry and exit ducts of the HVAC system.

Disposals should be autoclaved before they are disposed of outside the laboratory. Research found that
bacteriophages, adenoviruses, poliovirus, and echovirus are destroyed faster when planted in autoclaved
water than in other water [115]. Some instruments may routinely be autoclaved for 30 min under 15 psi of
pressure at 121 °C [115]. Autoclaving may reduce false results in molecular laboratories and prevent
environmental contamination outside the laboratory [115].
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Avoiding contamination and the process of decontamination: There are several potential sources of
contamination risk, ranging from the receipt of clinical specimens through molecular analysis. These
sources should be identified for each molecular test, and suitable control mechanisms should be used to
reduce each risk [4]. There are two ways to prevent false-positive findings from nucleic acid amplification
tests. One is that contamination hazards should be kept as low as possible, and another is that
contamination should be eliminated as soon as possible if it occurs [116]. To reduce contamination, one
must be careful with chemicals, disposables, laboratory equipment, and the surrounding environment [117].
To avoid the spread of aerosols, working tubes and bottles should be opened carefully [106]. Twenty-four
hours' work break and proper cleaning of nasopharyngeal areas before sampling, adequate disinfection of
the sampling site, and ensuring professional training are recommended to reduce the generation of false-
negative results by inhaling aerosolized vaccines by healthcare personnel [25].

Proper management of waste materials and potential sources of contamination, such as disposable
equipment, including pipette tips, buffer solutions, and experiment tubes, is essential to minimize the
generation of aerosols. Plastic contaminated by nucleic acids must be gathered in disposable bags and sealed
immediately after work completion [32]. All reagents that can cause deadly reactions should be disposed of,
and all potential reagents should be replaced after determining which one is responsible for contamination.
After that, thoroughly cleaning the laboratory with approved cleaners known to obliterate nucleic acids is
needed [118]. If the contamination persists, personnel must do the clinical evaluation, and the procedure
should be redesigned to include various genomic parts of the pathogen [118]. Some chemicals are well
known for reducing contamination; however, some studies show the opposite. For instance, using 1 M HCl
for decontamination may not work correctly [106]. Schmidt et al. discovered that even after 2.5 hours of
treatment with HCl, the nucleic acid contamination was not destroyed [119]. Prince and Andrus have also
described that even 2 M HCl did not yield the destruction of nucleic acid, which was detectable by PCR (100);
however, this chemical may be used to reduce surface tension [106]. Using sodium hypochlorite to
decontaminate the testing zone and the instruments in the molecular and RT-PCR laboratories where
COVID-19 testing occurs is recommended. Applying 0.08% of sodium hypochlorite solution for five minutes
was suggested by Prince et al. to degrade nucleic acid into tiny fragments, whereas another study reported
incubating with an increased concentration of this chemical (0.4% w/v) for 30 minutes to obtain sufficient
decontamination [120]. However, after incubation, the 200-base RNA target could no longer be detected
using nucleic acid sequence-based amplification.

Nonetheless, a daily 0.4% (w/v) solution incubated for five minutes yielded significantly better outcomes
[32]. Most studies suggest that 10% sodium hypochlorite solution (bleach) should be used for cleaning
workstations where bleach can destroy nucleic acids by oxidative means and prevent its amplification
following PCR reactions [121]. Furthermore, the contaminated tray must be taken to a clean area, where it
can spend the night in a 2% to 10% bleach solution after thoroughly cleaning [100]. Another consideration
that should be considered is that bleaching may cause harm to the plastic equipment and create a spot on
the cabinet. So, after the bleach treatment, the equipment and workplace required cleaning.

Include both control in the procedure and the automated testing platform: Incorporating positive and
negative control into the procedure is necessary to validate that the extraction and amplification steps are
carried out appropriately. A control that does not include a sample is known as a negative control or control
without a template, abbreviated as NTC. Incorporating a negative control provides insights into the potential
presence of contamination in reagents, consumables, or the immediate environment [122]. Positive control
indicates whether the kit is working correctly or not. Negative controls are critical in identifying potential
contamination points within diagnostic tests, specifically in DNA extraction and PCR-related contamination
cases.

Conversely, positive controls, particularly those utilized in DNA extraction procedures, are instrumental in
detecting PCR reaction inhibition resultant from inhibitory chemicals remaining with DNA extracted from
the test specimens, for instance, sodium polyanethole sulfonate co-elution in cases of blood specimens
[123]. Automated testing platforms may be set up to reduce false results. This platform will increase
diagnostic accuracy and help minimize the possibility of human mistakes in the testing performance [14].

Repeated testing: When patients have COVID-19 symptoms but get false-negative results, the sample must
be re-tested. However, it needed to be clear under what conditions repeat RT-PCR testing would be required
[124]. As per recent recommendations issued by the World Health Organization (WHO), it is advised to
request repeat testing for patients exhibiting persistent symptoms of COVID-19, including collecting a swab
from the lower respiratory tract [125]. Repeating the test with new nasopharyngeal samples is advisable in
cases of clinical solid suspicion [64]. After consecutive false-negative RT-PCR test results among patients'
post-clinical recovery from COVID-19 in Wuhan, China, Wang et al. suggested getting three successive
negative results before discharging patients from hospitals [126]. However, correlation with the patient's
clinical information is necessary; long-term COVID-positive patients can be confused with an active
infection; during the beginning of the pandemic, some patients were confined to hospitals for prolonged and
unnecessary times after their recovery because they continued to be presenting positive tests for residual
RNA, increasing the saturation of health systems. In addition, it is advised to employ the fewest number of
cycles possible when carrying out the amplification reactions. To create the amplicon required to get
the desired results, any changes to the technique, especially those made to tests used for diagnostic reasons,
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must be validated [32].

Future recommendations for these issues
This review relied on the data regarding the issues contributing to erroneous results in the RT-PCR-based
diagnosis approach, which was extensively applied during the COVID-19 pandemic. Although RT-PCR is a
powerful diagnostic tool, it is prone to several limitations, e.g., the strict requirement of specialized
equipment and expertise regarding the operation of the apparatus and knowledge regarding the reasons and
mitigation strategies of false-positive and false-negative results. The severity of the pandemic, the
enormous magnitude of the infected patients, and the necessity of rapid diagnosis created an unprecedented
challenge and pressure on the RT-PCR technique, laboratory facilities, and personnel, which might
eventually fail in strict adherence to the RT-PCR protocol and thus the generation of false results. Repetition
of the error-prone steps and further investigational approaches must be performed to correctly identify the
points leading to erroneous results. Adequate measures must be taken to avoid potential contamination,
technical errors, and false-positive results.

In contrast, precautions and strict adherence to the standard protocols for specimen collection,
transportation, storage, and handling are necessary to minimize false-negative results. Strict maintenance
of the WHO Laboratory Biosafety Manual (LBM) and other WHO and CDC guidelines related to the RT-PCR
standard protocol and minimization of its false results is highly recommended. Performing additional tests,
e.g., CT scans and hematological tests, variations in conventional RT-PCR platforms, e.g., RT-nested PCR,
digital droplet PCR, including further steps in RT-PCR testing or the development of rapid point-of-care
tests, can be applied to improve the accuracy of RT-PCR along with mitigating false results. Besides, updated
serological assays can be applied parallelly with the standard RT-PCR technique to resolve this problem.
Adequate laboratory facilities and monitoring systems, trained personnel, routine checking and calibration
of the RT-PCR equipment, and rapid and properly designed transportation and storage systems for
specimens must be implemented to minimize the risks of generating false results. Moreover, more trials
must be performed to create an efficient, less error-prone, standard RT-PCR protocol to meet the
complications of general situations and emergencies like the COVID-19 pandemic.

Limitations of the study
This review was mainly based on discrete information generated during the emergency of the COVID-19
pandemic, which might have resulted in a lack of generalization. Since this study was designed for a
narrative review, systematic search approaches were not applied, which might have led to the exclusion of
information that might have seemed relevant to this study. The lack of statistical analysis limited the
review's findings, resulting in a lack of quantitative data on false-positive and false-negative RT-PCR results.

Conclusions
Molecular diagnostic tests like RT-PCR are vital for COVID-19 detection but can produce misleading, false
outcomes resulting from contamination, handling errors, or viral evolution. This review discusses factors
contributing to inaccurate molecular test results during the pandemic. It proposes solutions to improve
reliability, like implementing stringent quality control and contamination prevention protocols, including
proper cleaning, workflows, reagents, dedicated equipment, and frequent process monitoring. Upgrading
primer designs regularly to match viral mutations also enhances the detection of emerging variants. A
multifaceted testing approach using clinical, epidemiological, and molecular data provides added
perspective. Accurate, reliable molecular testing is critical for proper COVID-19 diagnosis and management.
Implementing strategies aimed at fortifying quality control, sample handling, laboratory protocols, and
primer designs makes enhancing the efficacy and accuracy of RT-PCR and other significant molecular
diagnostic assays possible.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Mainul Haque, SM Shafiul Alam Sajal, Dewan Zubaer Islam, Shahad Saif Khandker,
Elizabeth Solórzano-Ortiz, Manal Fardoun, Md Firoz Ahmed , Mohd. Raeed Jamiruddin, Nafisa Azmuda,
Miral Mehta , Santosh Kumar, Nihad Adnan

Acquisition, analysis, or interpretation of data:  Mainul Haque, SM Shafiul Alam Sajal, Dewan Zubaer
Islam, Shahad Saif Khandker, Elizabeth Solórzano-Ortiz, Manal Fardoun, Md Firoz Ahmed , Mohd. Raeed
Jamiruddin, Nafisa Azmuda, Miral Mehta , Santosh Kumar, Nihad Adnan

Drafting of the manuscript:  Mainul Haque, SM Shafiul Alam Sajal, Dewan Zubaer Islam, Shahad Saif
Khandker, Elizabeth Solórzano-Ortiz, Manal Fardoun, Md Firoz Ahmed , Mohd. Raeed Jamiruddin, Nafisa
Azmuda, Miral Mehta , Santosh Kumar, Nihad Adnan

 
Published via Karnavati School of Dentistry,
Karnavati University (KU)

2024 Sajal et al. Cureus 16(11): e72954. DOI 10.7759/cureus.72954 16 of 21

javascript:void(0)


Critical review of the manuscript for important intellectual content:  Mainul Haque, SM Shafiul Alam
Sajal, Dewan Zubaer Islam, Shahad Saif Khandker, Elizabeth Solórzano-Ortiz, Manal Fardoun, Md Firoz
Ahmed , Mohd. Raeed Jamiruddin, Nafisa Azmuda, Miral Mehta , Santosh Kumar, Nihad Adnan

Supervision:  Mainul Haque, SM Shafiul Alam Sajal, Dewan Zubaer Islam, Shahad Saif Khandker, Elizabeth
Solórzano-Ortiz, Manal Fardoun, Md Firoz Ahmed , Mohd. Raeed Jamiruddin, Nafisa Azmuda, Miral Mehta ,
Santosh Kumar, Nihad Adnan

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Ansorge WJ, Katsila T, Patrinos GP: Perspectives for Future DNA Sequencing Techniques and Applications.

Chapter 8. Molecular Diagnostics. . Patrinos GP, Ansorge W, Danielson PB (ed): Academic Press, Cambridge,
Massachusetts, USA; 2017. 141-53. 10.1016/B978-0-12-802971-8.00008-0

2. Tang YW, Procop GW, Persing DH: Molecular diagnostics of infectious diseases . Clin Chem. 1997, 43:2021-
38. 10.1093/clinchem/43.11.2021

3. Oishee MJ, Ali T, Jahan N, et al.: COVID-19 pandemic: review of contemporary and forthcoming detection
tools. Infect Drug Resist. 2021, 14:1049-82. 10.2147%2FIDR.S289629

4. Millar BC, Xu J, Moore JE: Molecular diagnostics of medically important bacterial infections . Curr Issues Mol
Biol. 2007, 9:21-40. 10.21775/cimb.009.021

5. Jamiruddin MR, Meghla BA, Islam DZ, et al.: Microfluidics technology in SARS-CoV-2 diagnosis and beyond:
a systematic review. Life (Basel). 2022, 12:649. 10.3390/life12050649

6. Mullis KB, Faloona FA: Specific synthesis of DNA in vitro via a polymerase-catalyzed chain reaction .
Methods Enzymol. 1987, 155:335-50. 10.1016/0076-6879(87)55023-6

7. Lan L, Xu D, Ye G, Xia C, Wang S, Li Y, Xu H: Positive RT-PCR test results in patients recovered from
COVID-19. JAMA. 2020, 323:1502-3. 10.1001/jama.2020.2783

8. Waller JV, Kaur P, Tucker A, Lin KK, Diaz MJ, Henry TS, Hope M: Diagnostic tools for coronavirus disease
(COVID- 19): comparing CT and RT-PCR viral nucleic acid testing . AJR Am J Roentgenol. 2020, 215:834-8.
10.2214/AJR.20.23418

9. Surkova E, Nikolayevskyy V, Drobniewski F: False-positive COVID-19 results: hidden problems and costs .
Lancet Respir Med. 2020, 8:1167-8. 10.1016/S2213-2600(20)30453-7

10. Madhi SA, Gray GE, Ismail N, et al.: COVID-19 lockdowns in low-and middle-income countries: success
against COVID-19 at the price of greater costs. S Afr Med J. 2020, 110:724-6.

11. Jackson BR: The dangers of false-positive and false-negative test results: false-positive results as a function
of pretest probability. Clin Lab Med. 2008, 28:305-19, vii. 10.1016/j.cll.2007.12.009

12. Contamination at CDC Lab Delayed Rollout of Coronavirus Tests . (2020). Accessed: October 12, 2024:
https://www.washingtonpost.com/investigations/contamination-at-cdc-lab-delayed-rollout-of-
coronavirus-tests/2020/04/1....

13. Prodhan AH, Islam DZ, Khandker SS, et al.: Breast cancer management in the era of COVID-19; key issues,
contemporary strategies, and future implications. Breast Cancer (Dove Med Press). 2023, 15:51-89.
10.2147/BCTT.S390296

14. Mouliou DS, Gourgoulianis KI: False-positive and false-negative COVID-19 cases: respiratory prevention
and management strategies, vaccination, and further perspectives. Expert Rev Respir Med. 2021, 15:993-
1002. 10.1080/17476348.2021.1917389

15. Long H, Brooks JM, Harvie M, Maxwell A, French DP: How do women experience a false-positive test result
from breast screening? A systematic review and thematic synthesis of qualitative studies. Br J Cancer. 2019,
121:351-8. 10.1038/s41416-019-0524-4

16. Lo YM, Mehal WZ, Fleming KA: False-positive results and the polymerase chain reaction . Lancet. 1988,
332:679. 10.1016/s0140-6736(88)90487-4

17. Wittwer CT, Herrmann MG, Moss AA, Rasmussen RP: Continuous fluorescence monitoring of rapid cycle
DNA amplification. Biotechniques. 1997, 22:130-1, 134-8. 10.2144/97221bi01

18. Mackay IM, Arden KE, Nitsche A: Real-time PCR in virology. Nucleic Acids Res. 2002, 30:1292-1305.
10.1093%2Fnar%2F30.6.1292

19. Falasca F, Sciandra I, Di Carlo D, Gentile M, Deales A, Antonelli G, Turriziani O: Detection of SARS-COV N2
gene: very low amounts of viral RNA or false positive?. J Clin Virol. 2020, 133:104660.
10.1016/j.jcv.2020.104660

20. Acampora A, Castiglia L, Miraglia N, Pieri M, Soave C, Liotti F, Sannolo N: A case study: surface
contamination of cyclophosphamide due to working practices and cleaning procedures in two Italian
hospitals. Ann Occup Hyg. 2005, 49:611-8. 10.1093/annhyg/mei029

21. Chia PY, Coleman KK, Tan YK, et al.: Detection of air and surface contamination by SARS-CoV-2 in hospital
rooms of infected patients. Nat Commun. 2020, 11:2800. 10.1038/s41467-020-16670-2

22. Mouchtouri VA, Koureas M, Kyritsi M, et al.: Environmental contamination of SARS-CoV-2 on surfaces, air-
conditioner and ventilation systems. Int J Hyg Environ Health. 2020, 230:113599.
10.1016/j.ijheh.2020.113599

23. Ong SW, Tan YK, Chia PY, Lee TH, Ng OT, Wong MS, Marimuthu K: Air, surface environmental, and

 
Published via Karnavati School of Dentistry,
Karnavati University (KU)

2024 Sajal et al. Cureus 16(11): e72954. DOI 10.7759/cureus.72954 17 of 21

https://dx.doi.org/10.1016/B978-0-12-802971-8.00008-0
https://dx.doi.org/10.1016/B978-0-12-802971-8.00008-0
https://dx.doi.org/10.1093/clinchem/43.11.2021
https://dx.doi.org/10.1093/clinchem/43.11.2021
https://dx.doi.org/10.2147%2FIDR.S289629
https://dx.doi.org/10.2147%2FIDR.S289629
https://dx.doi.org/10.21775/cimb.009.021
https://dx.doi.org/10.21775/cimb.009.021
https://dx.doi.org/10.3390/life12050649
https://dx.doi.org/10.3390/life12050649
https://dx.doi.org/10.1016/0076-6879(87)55023-6
https://dx.doi.org/10.1016/0076-6879(87)55023-6
https://dx.doi.org/10.1001/jama.2020.2783
https://dx.doi.org/10.1001/jama.2020.2783
https://dx.doi.org/10.2214/AJR.20.23418
https://dx.doi.org/10.2214/AJR.20.23418
https://dx.doi.org/10.1016/S2213-2600(20)30453-7
https://dx.doi.org/10.1016/S2213-2600(20)30453-7
https://www.researchgate.net/publication/344199884_COVID-19_lockdowns_in_low-A_nd_middle-income_countries_Success_against_COVID-19_at_the_price_of_greater_costs#fullTextFileContent
https://dx.doi.org/10.1016/j.cll.2007.12.009
https://dx.doi.org/10.1016/j.cll.2007.12.009
https://www.washingtonpost.com/investigations/contamination-at-cdc-lab-delayed-rollout-of-coronavirus-tests/2020/04/18/fd7d3824-7139-11ea-aa80-c2470c6b2034_story.html?utm_campaign=share&utm_medium=email&utm_source=email_share_mailer
https://www.washingtonpost.com/investigations/contamination-at-cdc-lab-delayed-rollout-of-coronavirus-tests/2020/04/18/fd7d3824-7139-11ea-aa80-c2470c6b2034_story.html?utm_campaign=share&utm_medium=email&utm_source=email_share_mailer
https://dx.doi.org/10.2147/BCTT.S390296
https://dx.doi.org/10.2147/BCTT.S390296
https://dx.doi.org/10.1080/17476348.2021.1917389
https://dx.doi.org/10.1080/17476348.2021.1917389
https://dx.doi.org/10.1038/s41416-019-0524-4
https://dx.doi.org/10.1038/s41416-019-0524-4
https://dx.doi.org/10.1016/s0140-6736(88)90487-4
https://dx.doi.org/10.1016/s0140-6736(88)90487-4
https://dx.doi.org/10.2144/97221bi01
https://dx.doi.org/10.2144/97221bi01
https://dx.doi.org/10.1093%2Fnar%2F30.6.1292
https://dx.doi.org/10.1093%2Fnar%2F30.6.1292
https://dx.doi.org/10.1016/j.jcv.2020.104660
https://dx.doi.org/10.1016/j.jcv.2020.104660
https://dx.doi.org/10.1093/annhyg/mei029
https://dx.doi.org/10.1093/annhyg/mei029
https://dx.doi.org/10.1038/s41467-020-16670-2
https://dx.doi.org/10.1038/s41467-020-16670-2
https://dx.doi.org/10.1016/j.ijheh.2020.113599
https://dx.doi.org/10.1016/j.ijheh.2020.113599


personal protective equipment contamination by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) from a symptomatic patient. JAMA. 2020, 323:1610-2. 10.1001/jama.2020.3227

24. Lu J, Gu J, Li K, et al.: COVID-19 outbreak associated with air conditioning in restaurant, Guangzhou, China .
Emerg Infect Dis. 2020, 26:1628-31. 10.3201/eid2607.200764

25. Kong XQ, Wang YJ, Fang ZX, Yang TC, Tong ML: False-positive results of SARS-CoV-2 RT-PCR in
oropharyngeal swabs from vaccinators. Front Med (Lausanne). 2022, 9:847407. 10.3389/fmed.2022.847407

26. Layfield LJ, Camp S, Bowers K, Miller DC: SARS-CoV-2 detection by reverse transcriptase polymerase chain
reaction testing: analysis of false positive results and recommendations for quality control measures. Pathol
Res Pract. 2021, 225:153579. 10.1016/j.prp.2021.153579

27. van Kasteren PB, van der Veer B, van den Brink S, et al.: Comparison of seven commercial RT-PCR
diagnostic kits for COVID-19. J Clin Virol. 2020, 128:104412. 10.1016/j.jcv.2020.104412

28. Atkinson B, Petersen E: SARS-CoV-2 shedding and infectivity. Lancet. 2020, 395:1339-40. 10.1016/S0140-
6736(20)30868-0

29. Dinkel R, Jakobi J, Ziefuß AR, Barcikowski S, Braunschweig Br, Peukert W: Role of citrate and NaBr at the
surface of colloidal gold nanoparticles during functionalization. J Phys Chem C. 2018, 122:27383-91.
10.1021/acs.jpcc.8b07897

30. Rosati B, Grau F, Kuehler A, Rodriguez S, McKinnon D: Comparison of different probe-level analysis
techniques for oligonucleotide microarrays. Biotechniques. 2004, 36:316-22. 10.2144/04362MT03

31. Adnan N, Haq MA, Tisha TA, et al.: Optimizing SARS-CoV-2 immunoassays for specificity in dengue-co-
endemic areas. Cureus. 2023, 15:e47683. 10.7759/cureus.47683

32. Borst A, Box AT, Fluit AC: False-positive results and contamination in nucleic acid amplification assays:
suggestions for a prevent and destroy strategy. Eur J Clin Microbiol Infect Dis. 2004, 23:289-99.
10.1007/s10096-004-1100-1

33. Espy MJ, Uhl JR, Sloan LM, et al.: Real-time PCR in clinical microbiology: applications for routine laboratory
testing. Clin Microbiol Rev. 2006, 19:165-256. 10.1128/CMR.19.1.165-256.2006

34. Healy B, Khan A, Metezai H, Blyth I, Asad H: The impact of false positive COVID-19 results in an area of
low prevalence. Clin Med (Lond). 2021, 21:e54-6. 10.7861/clinmed.2020-0839

35. Arevalo-Rodriguez I, Buitrago-Garcia D, Simancas-Racines D, et al.: False-negative results of initial RT-PCR
assays for COVID-19: a systematic review. PLoS One. 2020, 15:e0242958. 10.1371/journal.pone.0242958

36. Long DR, Gombar S, Hogan CA, et al.: Occurrence and timing of subsequent SARS-CoV-2 RT-PCR positivity
among initially negative patients. medRxiv. 2020, 10.1101/2020.05.03.20089151

37. Xiao AT, Tong YX, Zhang S: False negative of RT-PCR and prolonged nucleic acid conversion in COVID-19:
rather than recurrence. J Med Virol. 2020, 92:1755-6. 10.1002/jmv.25855

38. Pecoraro V, Negro A, Pirotti T, Trenti T: Estimate false-negative RT-PCR rates for SARS-CoV-2. A
systematic review and meta-analysis. Eur J Clin Invest. 2022, 52:e13706. 10.1111/eci.13706

39. Laboratory Testing for Coronavirus Disease 2019 (COVID-19) in Suspected Human Cases: Interim Guidance .
(2020). Accessed: September 9, 2024: https://iris.who.int/handle/10665/331329.

40. Lippi G, Simundic AM, Plebani M: Potential preanalytical and analytical vulnerabilities in the laboratory
diagnosis of coronavirus disease 2019 (COVID-19). Clin Chem Lab Med. 2020, 58:1070-6. 10.1515/cclm-
2020-0285

41. Zimmer R: Delays in testing as a source of COVID-19 false-negative results . Can Fam Physician. 2020,
66:e298-301. 10.46747/cfp.6612e298

42. Çubukçu HC, Coşkun A: False negative results and tolerance limits of SARS-CoV-2 laboratory tests . Pathog
Glob Health. 2021, 115:137-8. 10.1080/20477724.2021.1881370

43. Bahreini F, Najafi R, Amini R, Khazaei S, Bashirian S: Reducing false negative PCR test for COVID-19 . Int J
MCH AIDS. 2020, 9:408-10. 10.21106/ijma.421

44. Tahamtan A, Ardebili A: Real-time RT-PCR in COVID-19 detection: issues affecting the results . Expert Rev
Mol Diagn. 2020, 20:453-4. 10.1080/14737159.2020.1757437

45. de Lomas JG, Sunzeri FJ, Busch MP: False-negative results by polymerase chain reaction due to
contamination by glove powder. Transfusion. 1992, 32:83-5. 10.1046/j.1537-2995.1992.32192116439.x

46. Marty FM, Chen K, Verrill KA: How to obtain a nasopharyngeal swab specimen . N Engl J Med. 2020, 382:e76.
10.1056/NEJMvcm2010260

47. Piras A, Rizzo D, Uzzau S, De Riu G, Rubino S, Bussu F: Inappropriate nasopharyngeal sampling for
SARSCoV-2 detection is a relevant cause of false-negative reports. Otolaryngol Head Neck Surg. 2020,
163:459-61. 10.1177/0194599820931793

48. Kinloch NN, Ritchie G, Brumme CJ, et al.: Suboptimal biological sampling as a probable cause of
falsenegative COVID-19 diagnostic test results. J Infect Dis. 2020, 222:899-902. 10.1093/infdis/jiaa370

49. CDC 2019-Novel Coronavirus (2019-nCoV) Real-Time RT-PCR Diagnostic Panel . (2020). Accessed: October
12, 2024: https://www.fda.gov/media/134922/download.

50. Ai T, Yang Z, Hou H, et al.: Correlation of chest CT and RT-PCR testing for coronavirus disease 2019
(COVID-19) in China: a report of 1014 cases. Radiology. 2020, 296:E32-40. 10.1148/radiol.2020200642

51. Xie X, Zhong Z, Zhao W, Zheng C, Wang F, Liu J: Chest CT for typical coronavirus disease 2019 (COVID-19)
pneumonia: relationship to negative RT-PCR testing. Radiology. 2020, 296:E41-5.
10.1148/radiol.2020200343

52. Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, Ji W: Sensitivity of chest CT for COVID- 19: comparison to
RT-PCR. Radiology. 2020, 296:E115-7. 10.1148/radiol.2020200432

53. Liu L, Liu W, Zheng Y, et al.: A preliminary study on serological assay for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in 238 admitted hospital patients. Microbes Infect. 2020, 22:206-11.
10.1016/j.micinf.2020.05.008

54. Song CY, Yang DG, Lu YQ: A COVID-19 patient with seven consecutive false-negative rRT-PCR results from
sputum specimens. Intern Emerg Med. 2020, 15:871-4. 10.1007/s11739-020-02423-y

55. Pan Y, Long L, Zhang D, et al.: Potential false-negative nucleic acid testing results for severe acute
respiratory syndrome coronavirus 2 from thermal inactivation of samples with low viral loads. Clin Chem.
2020, 66:794-801. 10.1093/clinchem/hvaa091

 
Published via Karnavati School of Dentistry,
Karnavati University (KU)

2024 Sajal et al. Cureus 16(11): e72954. DOI 10.7759/cureus.72954 18 of 21

https://dx.doi.org/10.1001/jama.2020.3227
https://dx.doi.org/10.1001/jama.2020.3227
https://dx.doi.org/10.3201/eid2607.200764
https://dx.doi.org/10.3201/eid2607.200764
https://dx.doi.org/10.3389/fmed.2022.847407
https://dx.doi.org/10.3389/fmed.2022.847407
https://dx.doi.org/10.1016/j.prp.2021.153579
https://dx.doi.org/10.1016/j.prp.2021.153579
https://dx.doi.org/10.1016/j.jcv.2020.104412
https://dx.doi.org/10.1016/j.jcv.2020.104412
https://dx.doi.org/10.1016/S0140-6736(20)30868-0
https://dx.doi.org/10.1016/S0140-6736(20)30868-0
https://dx.doi.org/10.1021/acs.jpcc.8b07897
https://dx.doi.org/10.1021/acs.jpcc.8b07897
https://dx.doi.org/10.2144/04362MT03
https://dx.doi.org/10.2144/04362MT03
https://dx.doi.org/10.7759/cureus.47683
https://dx.doi.org/10.7759/cureus.47683
https://dx.doi.org/10.1007/s10096-004-1100-1
https://dx.doi.org/10.1007/s10096-004-1100-1
https://dx.doi.org/10.1128/CMR.19.1.165-256.2006
https://dx.doi.org/10.1128/CMR.19.1.165-256.2006
https://dx.doi.org/10.7861/clinmed.2020-0839
https://dx.doi.org/10.7861/clinmed.2020-0839
https://dx.doi.org/10.1371/journal.pone.0242958
https://dx.doi.org/10.1371/journal.pone.0242958
https://dx.doi.org/10.1101/2020.05.03.20089151
https://dx.doi.org/10.1101/2020.05.03.20089151
https://dx.doi.org/10.1002/jmv.25855
https://dx.doi.org/10.1002/jmv.25855
https://dx.doi.org/10.1111/eci.13706
https://dx.doi.org/10.1111/eci.13706
https://iris.who.int/handle/10665/331329
https://iris.who.int/handle/10665/331329
https://dx.doi.org/10.1515/cclm-2020-0285
https://dx.doi.org/10.1515/cclm-2020-0285
https://dx.doi.org/10.46747/cfp.6612e298
https://dx.doi.org/10.46747/cfp.6612e298
https://dx.doi.org/10.1080/20477724.2021.1881370
https://dx.doi.org/10.1080/20477724.2021.1881370
https://dx.doi.org/10.21106/ijma.421
https://dx.doi.org/10.21106/ijma.421
https://dx.doi.org/10.1080/14737159.2020.1757437
https://dx.doi.org/10.1080/14737159.2020.1757437
https://dx.doi.org/10.1046/j.1537-2995.1992.32192116439.x
https://dx.doi.org/10.1046/j.1537-2995.1992.32192116439.x
https://dx.doi.org/10.1056/NEJMvcm2010260
https://dx.doi.org/10.1056/NEJMvcm2010260
https://dx.doi.org/10.1177/0194599820931793
https://dx.doi.org/10.1177/0194599820931793
https://dx.doi.org/10.1093/infdis/jiaa370
https://dx.doi.org/10.1093/infdis/jiaa370
https://www.fda.gov/media/134922/download
https://www.fda.gov/media/134922/download
https://dx.doi.org/10.1148/radiol.2020200642
https://dx.doi.org/10.1148/radiol.2020200642
https://dx.doi.org/10.1148/radiol.2020200343
https://dx.doi.org/10.1148/radiol.2020200343
https://dx.doi.org/10.1148/radiol.2020200432
https://dx.doi.org/10.1148/radiol.2020200432
https://dx.doi.org/10.1016/j.micinf.2020.05.008
https://dx.doi.org/10.1016/j.micinf.2020.05.008
https://dx.doi.org/10.1007/s11739-020-02423-y
https://dx.doi.org/10.1007/s11739-020-02423-y
https://dx.doi.org/10.1093/clinchem/hvaa091
https://dx.doi.org/10.1093/clinchem/hvaa091


56. Valenstein PN, Sirota RL: Identification errors in pathology and laboratory medicine . Clin Lab Med. 2004,
24:979-96, vii. 10.1016/j.cll.2004.05.013

57. Layfield LJ, Anderson GM: Specimen labeling errors in surgical pathology: an 18-month experience . Am J
Clin Pathol. 2010, 134:466-70. 10.1309/AJCPHLQHJ0S3DFJK

58. Yilmaz Gulec E, Cesur NP, Yesilyurt Fazlioğlu G, Kazezoğlu C: Effect of different storage conditions on
COVID-19 RT-PCR results. J Med Virol. 2021, 93:6575-81. 10.1002/jmv.27204

59. Interim Guidelines for Collecting and Handling of Clinical Specimens for COVID-19 Testing . (2020).
Accessed: October 12, 2024: https://www.cdc.gov/covid/hcp/clinical-care/clinical-specimen-
guidelines.html#:~:text=For%20healthcare%20providers%20....

60. Adnan N, Khandker SS, Haq A, et al.: Detection of SARS-CoV-2 by antigen ELISA test is highly swayed by
viral load and sample storage condition. Expert Rev Anti Infect Ther. 2022, 20:473-81.
10.1080/14787210.2021.1976144

61. Rogers AA, Baumann RE, Borillo GA, Kagan RM, Batterman HJ, Galdzicka MM, Marlowe EM: Evaluation of
transport media and specimen transport conditions for the detection of SARS-CoV-2 by use of real-time
reverse transcription-PCR. J Clin Microbiol. 2020, 58:8. 10.1128/JCM.00708-20

62. van Zyl G, Maritz J, Newman H, Preiser W: Lessons in diagnostic virology: expected and unexpected sources
of error. Rev Med Virol. 2019, 29:e2052. 10.1002/rmv.2052

63. Lippi G, Lima-Oliveira G, Brocco G, Bassi A, Salvagno GL: Estimating the intra- and inter-individual
imprecision of manual pipetting. Clin Chem Lab Med. 2017, 55:962-6. 10.1515/cclm-2016-0810

64. Caruana G, Croxatto A, Coste AT, Opota O, Lamoth F, Jaton K, Greub G: Diagnostic strategies for SARS-
CoV-2 infection and interpretation of microbiological results. Clin Microbiol Infect. 2020, 26:1178-82.
10.1016/j.cmi.2020.06.019

65. Suo T, Liu X, Feng J, et al.: ddPCR: a more accurate tool for SARS-CoV-2 detection in low viral load
specimens. Emerg Microbes Infect. 2020, 9:1259-68. 10.1080/22221751.2020.1772678

66. Qiu J: Covert coronavirus infections could be seeding new outbreaks . Nature. 2020, 10.1038/d41586-020-
00822-x

67. Wu Z, McGoogan JM: Characteristics of and important lessons from the coronavirus disease 2019 (COVID-
19) outbreak in China: summary of a report of 72 314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020, 323:1239-42. 10.1001/jama.2020.2648

68. Adnan N, Haq MA, Akter S, et al.: Antibody response after homologous and heterologous prime-boost
COVID-19 vaccination in a Bangladeshi residential university cohort. Vaccines (Basel). 2024, 12:482.
10.3390/vaccines12050482

69. Facente SN, Dowling T, Vittinghoff E, Sykes DL, Colfax GN: False positive rate of rapid oral fluid HIV tests
increases as kits near expiration date. PLoS One. 2009, 4:e8217. 10.1371/journal.pone.0008217

70. Tsutae W, Chaochaisit W, Aoshima H, et al.: Detecting and isolating false negatives of SARS-CoV-2 primers
and probe sets among the Japanese Population: a laboratory testing methodology and study. medRxiv. 2021,
10.1101/2020.10.07.20208264

71. Sheridan C: Coronavirus and the race to distribute reliable diagnostics . Nat Biotechnol. 2020, 38:382-4.
10.1038/d41587-020-00002-2

72. Duong D: Alpha, beta, delta, gamma: what's important to know about SARS-CoV-2 variants of concern? .
CMAJ. 2021, 193:E1059-60. 10.1503/cmaj.1095949

73. Artesi M, Bontems S, Göbbels P, et al.: A recurrent mutation at position 26340 of SARS-CoV-2 is associated
with failure of the E gene quantitative reverse transcription-PCR utilized in a commercial dual-target
diagnostic assay. J Clin Microbiol. 2020, 58:10. 10.1128/JCM.01598-20

74. Hasan MR, Sundararaju S, Manickam C, Mirza F, Al-Hail H, Lorenz S, Tang P: A novel point mutation in the
N gene of SARS-CoV-2 may affect the detection of the virus by reverse transcription-quantitative PCR. J Clin
Microbiol. 2021, 59:4. 10.1128/JCM.03278-20

75. Ziegler K, Steininger P, Ziegler R, Steinmann J, Korn K, Ensser A: SARS-CoV-2 samples may escape
detection because of a single point mutation in the N gene. Euro Surveill. 2020, 25:39. 10.2807/1560-
7917.ES.2020.25.39.2001650

76. Vanaerschot M, Mann SA, Webber JT, et al.: Identification of a polymorphism in the N gene of SARS-CoV-2
that adversely impacts detection by reverse transcription-PCR. J Clin Microbiol. 2020, 59:1.
10.1128/JCM.02369-20

77. Yi H: 2019 novel coronavirus is undergoing active recombination . Clin Infect Dis. 2020, 71:884-7.
10.1093/cid/ciaa219

78. Zijie S, Yan X, Lu K, et al.: Genomic diversity of SARS-CoV-2 in coronavirus disease 2019 patients . Clin
Infect Dis. 2020, 71:713-20. 10.1093%2Fcid%2Fciaa203

79. Sun P, Qie S, Liu Z, Ren J, Li K, Xi J: Clinical characteristics of hospitalized patients with SARS-CoV-2
infection: a single arm meta-analysis. J Med Virol. 2020, 92:612-7. 10.1002/jmv.25735

80. Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z: Review of the clinical characteristics of coronavirus
disease 2019 (COVID-19). J Gen Intern Med. 2020, 35:1545-9. 10.1007/s11606-020-05762-w

81. Woloshin S, Patel N, Kesselheim AS: False negative tests for SARS-CoV-2 infection—challenges and
implications. N Engl J Med. 2020, 383:e38. 10.1056/NEJMp2015897

82. Interim Guidelines for Collecting, Handling, and Testing Clinical Specimens From Persons for Coronavirus
Disease 2019 (COVID-19). (2020). Accessed: October 12, 2024: https://stacks.cdc.gov/view/cdc/85935.

83. Irving SA, Vandermause MF, Shay DK, Belongia EA: Comparison of nasal and nasopharyngeal swabs for
influenza detection in adults. Clin Med Res. 2012, 10:215-8. 10.3121/cmr.2012.1084

84. Chen W, Cai B, Geng Z, Chen F, Wang Z, Wang L, Chen X: Reducing false negatives in COVID-19 testing by
using microneedle-based oropharyngeal swabs. Matter. 2020, 3:1589-600. 10.1016/j.matt.2020.09.021

85. Xie C, Lu J, Wu D, Zhang L, Zhao H, Rao B, Yang Z: False negative rate of COVID-19 is eliminated by using
nasal swab test. Travel Med Infect Dis. 2020, 37:101668. 10.1016/j.tmaid.2020.101668

86. Nazerian P, Sacco RM, Solbiati M, et al.: Laryngotracheal aspiration test reduce the false negative rate in
patients with suspected SARS-COV-2 pneumonia despite a negative nasopharyngeal swab. Eur J Intern Med.
2021, 91:59-62. 10.1016/j.ejim.2021.06.019

 
Published via Karnavati School of Dentistry,
Karnavati University (KU)

2024 Sajal et al. Cureus 16(11): e72954. DOI 10.7759/cureus.72954 19 of 21

https://dx.doi.org/10.1016/j.cll.2004.05.013
https://dx.doi.org/10.1016/j.cll.2004.05.013
https://dx.doi.org/10.1309/AJCPHLQHJ0S3DFJK
https://dx.doi.org/10.1309/AJCPHLQHJ0S3DFJK
https://dx.doi.org/10.1002/jmv.27204
https://dx.doi.org/10.1002/jmv.27204
https://www.cdc.gov/covid/hcp/clinical-care/clinical-specimen-guidelines.html#:~:text=For healthcare providers collecting specimens,respirator is not available)%2C eye
https://www.cdc.gov/covid/hcp/clinical-care/clinical-specimen-guidelines.html#:~:text=For healthcare providers collecting specimens,respirator is not available)%2C eye
https://dx.doi.org/10.1080/14787210.2021.1976144
https://dx.doi.org/10.1080/14787210.2021.1976144
https://dx.doi.org/10.1128/JCM.00708-20
https://dx.doi.org/10.1128/JCM.00708-20
https://dx.doi.org/10.1002/rmv.2052
https://dx.doi.org/10.1002/rmv.2052
https://dx.doi.org/10.1515/cclm-2016-0810
https://dx.doi.org/10.1515/cclm-2016-0810
https://dx.doi.org/10.1016/j.cmi.2020.06.019
https://dx.doi.org/10.1016/j.cmi.2020.06.019
https://dx.doi.org/10.1080/22221751.2020.1772678
https://dx.doi.org/10.1080/22221751.2020.1772678
https://dx.doi.org/10.1038/d41586-020-00822-x
https://dx.doi.org/10.1038/d41586-020-00822-x
https://dx.doi.org/10.1001/jama.2020.2648
https://dx.doi.org/10.1001/jama.2020.2648
https://dx.doi.org/10.3390/vaccines12050482
https://dx.doi.org/10.3390/vaccines12050482
https://dx.doi.org/10.1371/journal.pone.0008217
https://dx.doi.org/10.1371/journal.pone.0008217
https://dx.doi.org/10.1101/2020.10.07.20208264
https://dx.doi.org/10.1101/2020.10.07.20208264
https://dx.doi.org/10.1038/d41587-020-00002-2
https://dx.doi.org/10.1038/d41587-020-00002-2
https://dx.doi.org/10.1503/cmaj.1095949
https://dx.doi.org/10.1503/cmaj.1095949
https://dx.doi.org/10.1128/JCM.01598-20
https://dx.doi.org/10.1128/JCM.01598-20
https://dx.doi.org/10.1128/JCM.03278-20
https://dx.doi.org/10.1128/JCM.03278-20
https://dx.doi.org/10.2807/1560-7917.ES.2020.25.39.2001650
https://dx.doi.org/10.2807/1560-7917.ES.2020.25.39.2001650
https://dx.doi.org/10.1128/JCM.02369-20
https://dx.doi.org/10.1128/JCM.02369-20
https://dx.doi.org/10.1093/cid/ciaa219
https://dx.doi.org/10.1093/cid/ciaa219
https://dx.doi.org/10.1093%2Fcid%2Fciaa203
https://dx.doi.org/10.1093%2Fcid%2Fciaa203
https://dx.doi.org/10.1002/jmv.25735
https://dx.doi.org/10.1002/jmv.25735
https://dx.doi.org/10.1007/s11606-020-05762-w
https://dx.doi.org/10.1007/s11606-020-05762-w
https://dx.doi.org/10.1056/NEJMp2015897
https://dx.doi.org/10.1056/NEJMp2015897
https://stacks.cdc.gov/view/cdc/85935
https://stacks.cdc.gov/view/cdc/85935
https://dx.doi.org/10.3121/cmr.2012.1084
https://dx.doi.org/10.3121/cmr.2012.1084
https://dx.doi.org/10.1016/j.matt.2020.09.021
https://dx.doi.org/10.1016/j.matt.2020.09.021
https://dx.doi.org/10.1016/j.tmaid.2020.101668
https://dx.doi.org/10.1016/j.tmaid.2020.101668
https://dx.doi.org/10.1016/j.ejim.2021.06.019
https://dx.doi.org/10.1016/j.ejim.2021.06.019


87. Zhang Y, Wang C, Han M, et al.: Discrimination of false negative results in RT-PCR detection of SARS-CoV-
2 RNAs in clinical specimens by using an internal reference. Virol Sin. 2020, 35:758-67. 10.1007/s12250-
020-00273-8

88. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J: Variation in false-negative rate of reverse
transcriptase polymerase chain reaction-based SARS-CoV-2 tests by time since exposure. Ann Intern Med.
2020, 173:262-7. 10.7326/M20-1495

89. İşlek A, Balcı MK: Analysis of factors causing false-negative real-time polymerase chain reaction results in
oropharyngeal and nasopharyngeal swabs of patients with COVID-19. Ear Nose Throat J. 2022, 101:234-8.
10.1177/0145561321996621

90. Park M, Won J, Choi BY, Lee CJ: Optimization of primer sets and detection protocols for SARS-CoV-2 of
coronavirus disease 2019 (COVID-19) using PCR and real-time PCR. Exp Mol Med. 2020, 52:963-77.
10.1038/s12276-020-0452-7

91. Kohli A, Joshi A, Shah A, et al.: Does CT help in reducing RT-PCR false negative rate for COVID-19? . Indian
J Radiol Imaging. 2021, 31:S80-6. 10.4103/ijri.IJRI_739_20

92. Xu H, Yan L, Qiu CM, et al.: Analysis and prediction of COVID-19 patients’ false negative results for
SARSCoV-2 detection with pharyngeal swab specimen: a retrospective study. MedRxiv. 2020,
10.1101/2020.03.26.20043042

93. Ferrari D, Sabetta E, Ceriotti D, Motta A, Strollo M, Banfi G, Locatelli M: Routine blood analysis greatly
reduces the false-negative rate of RT-PCR testing for Covid-19. Acta Biomed. 2020, 91:e2020003.
10.23750/abm.v91i3.9843

94. Sil BK, Jamiruddin MR, Haq MA, et al.: AuNP coupled rapid flow-through dot-blot immuno-assay for
enhanced detection of SARS-CoV-2 specific nucleocapsid and receptor binding domain IgG. Int J
Nanomedicine. 2021, 16:4739-53. 10.2147/IJN.S313140

95. Alinezhadi M, Neisi N, Rasti M, Arshadi M, Parsanahad M, Cheraghian B: Evaluation of false negative among
SARS-CoV-2 patients with negative real-time PCR result using nested-RT PCR. Jundishapur J Microbiol.
2022, 15:122889. 10.5812/jjm-122889

96. Poggio P, Songia P, Vavassori C, et al.: Digital PCR for high sensitivity viral detection in false-negative
SARS-CoV-2 patients. Sci Rep. 2021, 11:4310. 10.1038/s41598-021-83723-x

97. Byrnes SA, Gallagher R, Steadman A, et al.: Multiplexed and extraction-free amplification for simplified
SARS-CoV-2 RT-PCR tests. Anal Chem. 2021, 93:4160-5. 10.1021/acs.analchem.0c03918

98. Husain A: A novel approach to minimize the false negative COVID-19 diagnosis by inclusion of specific cell
markers and multiple sample collection. MethodsX. 2021, 8:101270. 10.1016/j.mex.2021.101270

99. Laboratory Biosafety Manual, 4th Edition: Laboratory design and maintenance. (2020). Accessed: September
9, 2024: https://www.who.int/publications/i/item/9789240011397.

100. Aslanzadeh J: Preventing PCR amplification carryover contamination in a clinical laboratory . Ann Clin Lab
Sci. 2004, 34:389-96.

101. Correia G, Rodrigues L, Gameiro da Silva M, Gonçalves T: Airborne route and bad use of ventilation systems
as non-negligible factors in SARS-CoV-2 transmission. Med Hypotheses. 2020, 141:109781.
10.1016/j.mehy.2020.109781

102. Shakoor S, Mir F, Zaidi AK, Zafar A: Hospital preparedness in community measles outbreaks-challenges and
recommendations for low-resource settings. Emerg Health Threats J. 2015, 8:24173. 10.3402/ehtj.v8.24173

103. Tada H, Nohara A, Kawashiri MA: Monogenic, polygenic, and oligogenic familial hypercholesterolemia . Curr
Opin Lipidol. 2019, 30:300-6. 10.1097/QCO.0000000000000563

104. Al-Benna S: Negative pressure rooms and COVID-19 . J Perioper Pract. 2021, 31:18-23.
10.1177/1750458920949453

105. Walker JT, Hoffman P, Bennett AM, Vos MC, Thomas M, Tomlinson N: Hospital and community acquired
infection and the built environment--design and testing of infection control rooms. J Hosp Infect. 2007, 65
Suppl 2:43-9. 10.1016/S0195-6701(07)60014-0

106. Kwok S, Higuchi R: Avoiding false positives with PCR . Nature. 1989, 339:237-8. 10.1038/339237a0
107. Padua RA, Parrado A, Larghero J, Chomienne C: UV and clean air result in contamination-free PCR .

Leukemia. 1999, 13:1898-9. 10.1038/sj.leu.2401579
108. Gibani MM, Toumazou C, Sohbati M, et al.: Assessing a novel, lab-free, point-of-care test for SARS-CoV-2

(CovidNudge): a diagnostic accuracy study. Lancet Microbe. 2020, 1:e300-7. 10.1016/S2666-5247(20)30121-
X

109. Cone R, Hobson A, Huang M, Fairfax M: Polymerase chain reaction decontamination: the wipe test.
Polymerase chain reaction decontamination: the wipe test. Lancet Microbe. 1990, 336:686-7. 10.1016/0140-
6736(90)92180-p

110. McCormack JM, Sherman ML, Maurer DH: Quality control for DNA contamination in laboratories using PCR-
based class II HLA typing methods. Hum Immunol. 1997, 54:82-8. 10.1016/s0198-8859(97)00011-6

111. Sarkar G, Sommer SS: Parameters affecting susceptibility of PCR contamination to UV inactivation .
Biotechniques. 1991, 10:590-4.

112. Ou CY, Moore JL, Schochetman G: Use of UV irradiation to reduce false positivity in polymerase chain
reaction. Biotechniques. 1991, 10:442, 444, 446.

113. Carroll KC, Pfaller MA: Introduction to the 13th Edition of the Manual of Clinical Microbiology . Manual of
Clinical Microbiology. Wiley (Online), New Jersey; 2023.

114. Pao CC, Hor JJ, Tsai PL, Horng MY: Inhibition of in vitro enzymatic DNA amplification reaction by ultra-
violet light irradiation. Mol Cell Probes. 1993, 7:217-9. 10.1006/mcpr.1993.1031

115. Ahmed W, Bertsch PM, Bibby K, et al.: Decay of SARS-CoV-2 and surrogate murine hepatitis virus RNA in
untreated wastewater to inform application in wastewater-based epidemiology. Environ Res. 2020,
191:110092. 10.1016/j.envres.2020.110092

116. Rimek D, Garg AP, Haas WH, Kappe R: Identification of contaminating fungal DNA sequences in Zymolyase .
J Clin Microbiol. 1999, 37:830-1. 10.1128/JCM.37.3.830-831.1999

117. Böttger EC: Frequent contamination of Taq polymerase with DNA. Clin Chem. 1990, 36:1258-9.
118. Huggett JF, Benes V, Bustin SA, et al.: Cautionary note on contamination of reagents used for molecular

 
Published via Karnavati School of Dentistry,
Karnavati University (KU)

2024 Sajal et al. Cureus 16(11): e72954. DOI 10.7759/cureus.72954 20 of 21

https://dx.doi.org/10.1007/s12250-020-00273-8
https://dx.doi.org/10.1007/s12250-020-00273-8
https://dx.doi.org/10.7326/M20-1495
https://dx.doi.org/10.7326/M20-1495
https://dx.doi.org/10.1177/0145561321996621
https://dx.doi.org/10.1177/0145561321996621
https://dx.doi.org/10.1038/s12276-020-0452-7
https://dx.doi.org/10.1038/s12276-020-0452-7
https://dx.doi.org/10.4103/ijri.IJRI_739_20
https://dx.doi.org/10.4103/ijri.IJRI_739_20
https://dx.doi.org/10.1101/2020.03.26.20043042
https://dx.doi.org/10.1101/2020.03.26.20043042
https://dx.doi.org/10.23750/abm.v91i3.9843
https://dx.doi.org/10.23750/abm.v91i3.9843
https://dx.doi.org/10.2147/IJN.S313140
https://dx.doi.org/10.2147/IJN.S313140
https://dx.doi.org/10.5812/jjm-122889
https://dx.doi.org/10.5812/jjm-122889
https://dx.doi.org/10.1038/s41598-021-83723-x
https://dx.doi.org/10.1038/s41598-021-83723-x
https://dx.doi.org/10.1021/acs.analchem.0c03918
https://dx.doi.org/10.1021/acs.analchem.0c03918
https://dx.doi.org/10.1016/j.mex.2021.101270
https://dx.doi.org/10.1016/j.mex.2021.101270
https://www.who.int/publications/i/item/9789240011397
https://www.who.int/publications/i/item/9789240011397
http://www.annclinlabsci.org/content/34/4/389.long
https://dx.doi.org/10.1016/j.mehy.2020.109781
https://dx.doi.org/10.1016/j.mehy.2020.109781
https://dx.doi.org/10.3402/ehtj.v8.24173
https://dx.doi.org/10.3402/ehtj.v8.24173
https://dx.doi.org/10.1097/QCO.0000000000000563
https://dx.doi.org/10.1097/QCO.0000000000000563
https://dx.doi.org/10.1177/1750458920949453
https://dx.doi.org/10.1177/1750458920949453
https://dx.doi.org/10.1016/S0195-6701(07)60014-0
https://dx.doi.org/10.1016/S0195-6701(07)60014-0
https://dx.doi.org/10.1038/339237a0
https://dx.doi.org/10.1038/339237a0
https://dx.doi.org/10.1038/sj.leu.2401579
https://dx.doi.org/10.1038/sj.leu.2401579
https://dx.doi.org/10.1016/S2666-5247(20)30121-X
https://dx.doi.org/10.1016/S2666-5247(20)30121-X
https://dx.doi.org/10.1016/0140-6736(90)92180-p
https://dx.doi.org/10.1016/0140-6736(90)92180-p
https://dx.doi.org/10.1016/s0198-8859(97)00011-6
https://dx.doi.org/10.1016/s0198-8859(97)00011-6
https://pubmed.ncbi.nlm.nih.gov/1910773/
https://pubmed.ncbi.nlm.nih.gov/1867851/
https://www.clinmicronow.org/doi/pdf/10.1128/9781683670438.MCM.ch1
https://dx.doi.org/10.1006/mcpr.1993.1031
https://dx.doi.org/10.1006/mcpr.1993.1031
https://dx.doi.org/10.1016/j.envres.2020.110092
https://dx.doi.org/10.1016/j.envres.2020.110092
https://dx.doi.org/10.1128/JCM.37.3.830-831.1999
https://dx.doi.org/10.1128/JCM.37.3.830-831.1999
https://pubmed.ncbi.nlm.nih.gov/2357811/
https://dx.doi.org/10.1093/clinchem/hvaa214


detection of SARS-CoV-2. Clin Chem. 2020, 66:1369-72. 10.1093/clinchem/hvaa214
119. Schmidt T, Hummel S, Herrmann B: Evidence of contamination in PCR laboratory disposables .

Naturwissenschaften. 1995, 82:423-31. 10.1007/BF01133677
120. Victor T, Jordaan A, du Toit R, Van Helden PD: Laboratory experience and guidelines for avoiding false

positive polymerase chain reaction results. Eur J Clin Chem Clin Biochem. 1993, 31:531-5.
121. Hayatsu H, Pan S, Ukita T: Reaction of sodium hypochlorite with nucleic acids and their constituents . Chem

Pharm Bull (Tokyo). 1971, 19:2189-92. 10.1248/cpb.19.2189
122. Alrabadi N, Haddad R, Al-Faouri I, et al.: Positive COVID19-PCR patients as negative controls for COVID19

antibody tests. Ann Med Surg (Lond). 2021, 65:102320. 10.1016/j.amsu.2021.102320
123. Millar B, Moore J, Mallon P, et al.: Molecular diagnosis of infective endocarditis--a new Duke's criterion .

Scand J Infect Dis. 2001, 33:673-80. 10.1080/00365540110026764
124. Yamamoto K, Saito S, Hayakawa K, Hashimoto M, Takasaki J, Ohmagari N: When clinicians should repeat

RT-PCR for SARS-CoV-2: repeat PCR testing in patients with pulmonary CT findings suggestive of COVID-
19. Jpn J Infect Dis. 2021, 74:161-5. 10.7883/yoken.JJID.2020.531

125. Dugdale CM, Anahtar MN, Chiosi JJ, et al.: Clinical, laboratory, and radiologic characteristics of patients
with initial false-negative SARS-CoV-2 nucleic acid amplification test results. Open Forum Infect Dis. 2021,
8:ofaa559. 10.1093/ofid/ofaa559

126. Wang G, Yu N, Xiao W, Zhao C, Wang Z: Consecutive false-negative rRT-PCR test results for SARS-CoV-2 in
patients after clinical recovery from COVID-19. J Med Virol. 2020, 92:2887-90. 10.1002/jmv.26192

 
Published via Karnavati School of Dentistry,
Karnavati University (KU)

2024 Sajal et al. Cureus 16(11): e72954. DOI 10.7759/cureus.72954 21 of 21

https://dx.doi.org/10.1093/clinchem/hvaa214
https://dx.doi.org/10.1007/BF01133677
https://dx.doi.org/10.1007/BF01133677
https://pubmed.ncbi.nlm.nih.gov/8218586/
https://dx.doi.org/10.1248/cpb.19.2189
https://dx.doi.org/10.1248/cpb.19.2189
https://dx.doi.org/10.1016/j.amsu.2021.102320
https://dx.doi.org/10.1016/j.amsu.2021.102320
https://dx.doi.org/10.1080/00365540110026764
https://dx.doi.org/10.1080/00365540110026764
https://dx.doi.org/10.7883/yoken.JJID.2020.531
https://dx.doi.org/10.7883/yoken.JJID.2020.531
https://dx.doi.org/10.1093/ofid/ofaa559
https://dx.doi.org/10.1093/ofid/ofaa559
https://dx.doi.org/10.1002/jmv.26192
https://dx.doi.org/10.1002/jmv.26192

	Corrected: Strategies to Overcome Erroneous Outcomes in Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Testing: Insights From the COVID-19 Pandemic
	This article has been corrected.
	Abstract
	Introduction And Background
	FIGURE 1: Illustration showing the steps in RT-PCR.
	Problem statement of this study
	Objectives of this study
	FIGURE 2: Major objectives of the study.


	Review
	Materials and methods
	FIGURE 3: Schematic diagram illustrating the methodology of the study.

	Review of literature
	FIGURE 4: Block diagram of false-positive and false-negative results in molecular diagnostic.
	FIGURE 5: Possible reasons for false-positive and false-negative RT-PCR results.
	TABLE 1: Major risk factors and sources of false-positive and false-negative results.
	FIGURE 6: Mitigation strategies for false-positive and false-negative RT-PCR results.

	Future recommendations for these issues
	Limitations of the study

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


