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Olfactory dysfunction (OD) is one of the earliest and strongest predictors of COVID-19 infection, and 

thus is promising as a disease screening tool.1,2 Compared with objective testing, subjective olfactory 

assessments significantly underreport OD.3,4 Thus, an inexpensive, quick, and sensitive method of 

assessing olfaction may be beneficial for the early diagnosis and spread prevention of COVID-19. In 

this study, we evaluate the feasibility of a novel, objective olfactory test as part of an initial screening 

for COVID-19 in adults with unknown disease status.

Methods
This prospective, cross-sectional study enrolled healthy adults (aged ≥ 18 years) from a single college 

campus COVID-19 screening site. The study was approved by the Southern Methodist University 

institutional review board and all participants provided written informed consent. Participants were 

screened for OD using a novel scent card (SAFER Diagnostics) followed immediately by polymerase 

chain reaction (PCR) testing for SARS-CoV-2 from nasopharyngeal swabs. The SAFER card 

contained a single scent in a scratch-and-sniff label that the participant identified from 8 answer 

options: lemon, grape, floral, blueberry, banana, mint, unsure, or no scent. Answers were processed 

electronically via a QR code. An incorrect choice was classified as OD. Participant demographics, 

medical history, COVID-19 symptoms, and subjective smell function on a binary and 10-point visual 

analog scale (VAS, with 0 indicating no sense of smell and 10 indicating normal sense of smell) were 

also collected.

Multivariable logistic regression was conducted to assess the association between SAFER and 

COVID-19 PCR results while controlling for variables selected a priori as common symptoms of 

COVID-19: fever, fatigue, and cough.5 Data analysis was conducted using SPSS version 27.0 (IBM 

Corp).

Results
A total of 163 participants were prospectively screened for OD using the scent card followed by 
SARS-CoV-2 PCR testing with characteristics summarized in Table 1. Of those who tested PCR-
positive for COVID-19, 75% (12 out of 16) failed olfactory screening compared with 4.8% (7 out of 
147) among those testing PCR-negative for 



COVID-19. The sensitivity, specificity, positive predictive value, and negative predictive value of the scent 

card in detecting those with COVID-19 were 75.0%, 95.2%, 63.2%, and 97.2%, respectively (Table 2). 

Including the symptom fatigue along with OD achieved a 93.8% sensitivity and 89.8% specificity in 

disease screening. The addition of fever and cough did not further increase sensitivity (Table 2).

While only 37.5% (6 out of 16) of COVID-19 test-positive participants reported subjective anosmia, 75% 

failed screening with the scent card. A failed scent card screen was the greatest predictor of COVID-19 

positivity (odds ratio [OR], 80.24; 95% CI, 14.77-435.90) when compared with other symptoms including 

cough, fever, fatigue, and a history of COVID-19 exposure.

Discussion
In this study, we demonstrate that a rapid psychophysical olfaction test is feasible as a screening tool for 

COVID-19. Current literature suggests that individuals may fail to recognize OD that is detectable on 

objective testing.3,4 Furthermore, screening questionnaires may miss more than 50% of COVID-19 

cases,6 owing to screening question variation, subjective interpretation of symptom severity, and 

intentional patient evasion. Meanwhile, antigen-based point-of-care screening remains time intensive, 

expensive, and unrealistic in certain environments.

In this pilot study, a novel olfactory test alone had a sensitivity of 75% and specificity of 95.2% in detecting 

COVID-19 using PCR testing as the gold standard. A screening test ideally prioritizes high sensitivity with 

potential lower specificity. Olfactory screening using a single scent may demonstrate lower test sensitivity 

in exchange for expediency. The optimal number of screening odorants required to achieve high sensitivity 

while maintaining practicality may be a topic for future studies. Furthermore, not all patients with COVID-

19 experience OD. The combined screening of OD with other common COVID-19 symptoms, in this case 

fatigue, can help increase sensitivity. Alone, OD screening remained the greatest predictor of COVID-19 

positivity compared with other symptoms.

This pilot study is limited by its small sample size, small percentage of COVID-19 PCR test-positive 

participants, and single-institution recruitment. Future studies with a larger sample size and a 

heterogeneous population may better account for other OD risk factors and optimize sensitivity using a 

combination of OD testing with other symptoms for screening COVID-19.













Earlier this month, Arjun Sharma (name changed on request) visited three hospitals in Delhi with his 

father, trying to get an oxygen bed for him. His father had tested negative for Covid-19 on an RT-

PCR test, but was showing symptoms of the disease--his oxygen levels had dropped and a CT scan 

showed infection and pneumonia in his lungs. 

"Doctors who we consulted said that my father most likely has Covid-19 and should get admitted to a 

hospital to get oxygen support. But the test was negative despite his serious symptoms, and maybe 

this was a false-negative test result," said Sharma, a central government employee living in east 

Delhi. 

All three hospitals which Sharma visited with his father were unwilling to admit him. They told him 

that if his father was Covid-19 positive, they could try to accommodate but since his test had shown 

up negative, they could not offer him a bed as they were keeping their beds only for those testing 

positive for Covid-19. 

After several days of struggling, and taking the help of other civil society volunteers in Delhi, Sharma 

has admitted his father to a government-run hospital in east Delhi where his father has been on 

oxygen support since April 25. 

Questions have been raised on whether the RT-PCR test, while essential for accuracy in Covid-19 

detection, is returning false negatives, and this has more recently been blamed on the test's 

purported inability to detect new Covid variants. People who are getting tested may show symptoms 

of Covid-19 even though their tests give negative results. In other cases, people are unable to get 

tested due to the shortage of testing kits in different parts of the country, but are showing Covid-19 

symptoms. Either way, the gate-keeping of the RT-PCR test is proving cumbersome for many to 

navigate. 



On April 23, the Delhi government issued an order acknowledging that people with RT-PCR negative tests for Covid-19 

were being denied admission in Delhi hospitals, despite having symptoms. "No patient requiring medical aid should be 

denied treatment," said the order.

Experts have long emphasised the need to test people widely, and that even people who are presenting with severe acute 

respiratory illness or influenza-like illness should be tested for Covid-19 since their symptoms are similar.

Other ways to tell if it is Covid-19

"It is very common, not at all rare," for patients to be infected with Covid-19 but for it to not show up on test results, said 

Kamna Kakkar, senior resident in the intensive care unit, department of pulmonary and critical care medicine, at Pandit

Bhagwat Dayal Sharma Post Graduate Institute of Medical Sciences, Haryana.

"Even though the RT-PCR test is a good test, there could have been problems with how the swab was taken, whether it 

went deep enough to take the sample, or if perhaps the person took the test too late and the virus was no longer in the 

upper respiratory region but inflammation had settled in inside the lungs." All of this can result in a negative RT-PCR test, 

she said.

She said this is why doctors are trained to recognise diseases also by their symptoms and not just lab reports.

Given the high number of Covid-19 patients and the shortage of tests, Kakkar says that CT scans and X-rays can be some 

proxies, which doctors can rely on while diagnosing for Covid-19 especially since people are unable to access tests easily.

However, she said it is mostly junior doctors who meet patients when they first come to a hospital. "When a person comes 

with fever and shortness of breath, as a senior resident I know it can be a number of things--it could be Covid-19, heart 

attack, dengue, scrub typhus, chikungunya, even acid reflux. So clinical judgement here is very important, to be able to tell 

the difference." But since there are mostly junior doctors on the frontline, and the system is overloaded, administrators have 

insisted on lab parameters like RT-PCR test results in order to be admitted, she explained.

"What if we did not have reliable RT-PCR tests for Covid-19, would we not as doctors still have treated people for the 

disease based on our clinical observations of the disease in a patient?" said Kakkar.



False negatives

A 'false negative' in diagnostics parlance is when a person actually does have a particular disease but the diagnostic test for it fails to 

detect that disease.

This can happen if the technology used in the test is not accurate, or not specific or sensitive enough to pick up that disease. It can also 

happen because the technician performing the test did not conduct it properly, or the reagents used are of poor quality. Sometimes even 

if the technology is fine and the sample was taken correctly, the sample could have been transported under inappropriate conditions to a 

lab.

And, as we said before, false negative test results can occur if the sample was not taken at the right time in one's infection.

Any link to variants?

The Indian government has said that the presence of false negatives is also not linked to the new SARS-CoV-2 variants. The RT-PCR 

tests do not miss the UK, Brazil, South Africa and double-mutant variants, as the tests being used in India target more than two genes, 

said a press release from the government on April 16.

The RT-PCR tests for Covid-19 look out for the presence of three genes on the SARS-CoV-2 virus. These genes have not changed much 

and thus the RT-PCR tests which are already in use, are able to identify these genes and give positive results, said Shahid Jameel, 

director of Trivedi School of Biosciences, Ashoka University. "The new variants which scientists are studying are not likely to drastically 

impact the ability of RT-PCR tests to give positive results for Covid-19," he said.

As a way to check whether tests work, he said there should be random quality checks and surveillance of these testing kits.

On this, Arokiaswamy Velumani, chairperson of Thyrocare, a large diagnostics chain in India, said that he too is not worried about RT-

PCR tests not doing an accurate job for Covid-19. "The government has asked us to send 10 positive and negative samples every month 

to designated government labs where our test results are verified... This is a continuous monitoring of the quality of these tests to ensure 

that they are accurate and we are testing correctly," he said.



When to get tested?

Another reason why people may get a negative Covid-19 test result, but may actually be positive for the virus, is if they test too 

early or too late in their infection. But when is the right time to get tested?

Among the many resources that the World Health Organization (WHO) has shared on testing for Covid-19, there is no specific 

guidance on when to get tested. IndiaSpend contacted the WHO with queries, and a spokesperson explained the following over 

email: RT-PCR tests are typically "highly accurate" but "lower viral loads may increase the likelihood of false negative results".

When is a viral load of the SARS-CoV-2 virus likely to be low? On this, the spokesperson said that viral loads are typically high 

one to three days before the onset of symptoms, or at the time when symptoms begin, and in the early days of illness for mild

patients (five to seven days), and possibly longer for severe patients.

"There is no set timing on when a person should be tested, except in the case of if they develop symptoms. If a person develops 

symptoms, they should be tested as soon as possible," they said. Since symptoms "may develop in hours to days after exposure", 

they said, "there is no specific set time for testing".

Simply put, one should use their discretion and get tested at the soonest, if one has been in definite proximity with someone who 

has tested positive for Covid-19 or if one has started to show symptoms, and should not wait until symptoms escalate.

What about close contacts? On this, the WHO says there is no need for all contacts to be tested but they should be quarantined, 

and if these contacts remain without symptoms, they can be tested "as capacity allows".

In sum, "a negative test result does not guarantee that the person will not go on to develop Covid-19 in the remaining days of the 

incubation period", the spokesperson said. False-negatives could be due to "poor sampling or processing", they said, adding that

when health systems are stressed, "the chances of human error may understandably increase".

The Indian government issued testing strategy documents, which it has updated from time to time, but not since May 2020. An 

advisory to states based on this strategy was issued in September 2020. Both these documents did not specify when in a person's 

infection they should get tested.





The most widely utilized Nucleic Acid Amplification Test (NAAT) to detect SARS-CoV-2 RNA is the reverse transcriptase-

polymerase chain reaction (RT-PCR) test, manufactured by many companies targeting one or more genomic regions of the 

virus. Although there is a several log difference in the sensitivity of the different RT-PCR tests to pick up viral RNA, many 

have sufficient analytical sensitivity to detect a viral load during the preinfectious stage in infected individuals.1–6 However, 

none of the tests have sufficient clinical sensitivity to detect virus during the first several days after infection, nor are they 

100% sensitive at the time of peak infectiveness.7,8 Much has been written about the issue of false negative RT-PCR tests in 

symptomatic, presymptomatic, and asymptomatic persons infected with the virus.7,8 Less has been published about the problem 

of false positive RT-PCR or other NAAT tests.

In the United States, because of a shortage of tests and testing facilities during the early months of the pandemic tests were 

primarily used for diagnoses to identify a person with an active infection associated with signs or symptoms of COVID-19 or 

who had definite or suspected recent exposure to the virus.9 Later, the Federal Drug Administration (FDA) approved testing to 

be extended to screen for infection in individuals without known or suspected exposure to SARS-CoV-2 living in congregate 

settings, such as long-term care facilities or prisons.9 Finally, periodic screening programs have been developed for educational 

institutions, sport teams, and the workplace to detect asymptomatic, presymptomatic, and symptomatic infected individuals 

early and isolate them to reduce them infecting others.

The overall accuracy of a RT-PCR test is based upon its sensitivity representing the ability to detect infected individuals and 

the specificity, which is the percentage of uninfected people who test negative. The FDA has published recommendations 

concerning the data and information that test manufacturers should supply in their application for Emergency Use 

Authorization (EUA).10 For analytical specificity they ask for in vitro cross-reactivity studies to demonstrate that the test does 

not react with related pathogens, high prevalence disease agents, and normal or pathogenic flora that are reasonably likely to 

be encountered in a clinical specimen.11 Many of the RT-PCR assays have a 100% sensitivity in this analysis as reported by the 

manufacturers.12 For clinical evaluation, the FDA recommends testing 30 positive clinical samples and 30 individual negative 

samples and comparing the results of the test under consideration to an existing EUA RT-PCR test of high sensitivity. 

Acceptable clinical performance is defined as a minimum 95% positive and negative percent agreement (PPA and NPA). For a 

screening indication, the PPA recommendation remains at more than or equal to 95% and the NPA is raised to more than or 

equal to 98% to reduce false positive test results.11 In actual use, the clinical sensitivity and specificity of many of these tests is 

lower in part because of issues surrounding sample collection, handling, and analysis.8,12,13



The performance of these tests when deployed depends not only on their clinical sensitivities and 

specificities, but also the prevalence of SARS-CoV-2 infections in the setting in which the test is being 

used. If we consider a test that conforms to the FDA's recommendations for performance in a diagnostic 

(95% sensitivity and specificity) or screening setting (95% sensitivity, 98% specificity), we can compare 

its ideal clinical performance when the prevalence of active infection may be 10% (a diagnostic setting) 

and a prevalence of 1%, as may be found in a screening program.

In the diagnostic example, for every 10,000 individuals there will be 1000 infected and 9000 uninfected 

persons. Of the infected persons, 950 will be detected by the test (true positives) and 50 will be missed 

(false negatives). For the 9000 uninfected people, 8820 will correctly have negative tests (true negatives) 

and 180 will be positive (false positive). The positive predictive value (PPV) is the proportion of all 

positive tests that are true positives, in this case 950/(950 + 180) or 84%. Thus, most of the positive tests are 

true positives.

Doing these same calculations for the screening scenario, 100 of the 10,000 individuals are infected and 

9900 are not. The test will detect 95 of the infected persons and five will be falsely negative. For those who 

are not infected, 9702 will be correctly diagnosed and 198 will be false positives. The PPV is 95/95 + 198 

or 32.4%. In this case, 2/3 of the positive results are false positives. For a prevalence of 0.1%, the PPV 

drops to 4.5%.

Table 	Table11 lists various factors that have been documented to contribute to false-positive RT-PCR 

results.12,14–19 Based upon our own experience in investigating groups of false-positive RT-PCR results and 

discussions with laboratory directors, the two most common problems are contamination and determining 

the cut-off for stating that a specimen is positive with a low viral load versus being called indeterminate or 

equivocal. The WHO, and an international consortium of experts have addressed these issues and have 

produced a checklist for laboratories to reduce possible causes of false-positive RT-PCR results and how to 

handle equivocal results.19,20





The overdiagnosis of SARS-CoV-2 infection has multiple potential adverse effects (Table 	(Table22)12,21: the inconvenience, financial, and 
psychological issues affecting those misdiagnosed; the possible exposure of uninfected individuals to infected people in hospital or congregate 
living areas; misdiagnosed persons foregoing social distancing and the masks use because they think that they are immune from COVID-19; and 
temporary closure of a business because of the need to quarantine coworkers. In addition, the overdiagnosis can inflate the number of 
asymptomatic infections in public health statistics



Recognizing that a positive RT-PCR result may be a false positive may be difficult. If a RT-PCR-positive individual has signs or symptoms of COVID-19 or 

has had exposure to somebody who has been shown or suspected of harboring the virus, it is prudent to assume that the result is a true positive, as has been 

the recommendation of the WHO and the Centers for Disease Control.24,25 However, in an asymptomatic individual without known close contact with an 

infectious individual, especially in a low prevalence setting, the finding of a positive RT-PCR test result should raise the possibility that the result is a false 

positive. “Red flags” that should alert the laboratory personnel include finding an acute rise in the percentage of positive results in comparison to the days 

and weeks before for all of the samples run in the lab or from a particular collection site, noting that multiple positive samples were in close proximity on the 

plates in the PCR platform, or finding that the high volume of positive samples exhibit high cycle time (Ct) values that could be associated with a low viral 

load or issues affecting the cut-off for calling a sample positive, indeterminate, or negative.19,20 In these situations, the laboratory should re-extract the 

original sample and rerun it on the original PCR platform or a different platform with a similar sensitivity. If this cannot be done, a new sample should be 

obtained and tested.19,20

We have examined the issue of false positive results in a screening setting for a segment of the entertainment industry. The various unions that represent 

members involved in studio and TV productions have provided guidelines for testing and other safety measures in a publication, The Safe Way 

Forward.26 They have divided productions into several zones each with their own PCR testing requirements from testing three times a week to testing every 

2 weeks. From September 27 through December 5, 2020, The Walt Disney Company performed 122,300 PCR tests at TV production sites, of which 323 

were positive (0.26%). After removing the 84 positive tests found during the pre-employment screening, which leads to the individual entering isolation and 

not working on a production, the positivity rate during production was 0.19%. This rate is low in comparison to the average US rate during that same period 

(4.1% to 10.5%)27 because members are in a screening program and tested frequently. Also, the studios have instituted strict safety measures.26

In some, but not all instances, an unexpected positive result in an asymptomatic cast or crew member who had prior negative PCR tests, led to an evaluation 

of whether the test was a false positive by retesting the person 24 or more hours after the positive test on at least two occasions. If both retests were negative, 

we considered the first test to be a false positive. Of the 239 positive tests found after the pre-employment tests were removed, 54 (22.6%) were deemed to 

be false positives, giving a positive predictive value of 77.4%. An important caveat to these numbers is that there was a selection bias in who was 

investigated for the possibility of a false positive result. As noted, all the individuals were asymptomatic and had at least a negative pre-employment test, 

and many had multiple negative PCR tests before a positive appeared. Also, there were “outbreaks” of positive tests due to documented contamination of 

reagents or mistakes in programing of the PCR platform. Finding multiple asymptomatic individuals who may not have been in contact with each other led 

to retesting of the original nasal swabs and testing of freshly obtained new specimens. Since we did not systematically reevaluate every positive test, we may 

have underestimated the false positive rate.
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and TV productions have provided guidelines for testing and other safety measures in a publication, The Safe Way Forward.26 They have divided productions into several zones each 

with their own PCR testing requirements from testing three times a week to testing every 2 weeks. From September 27 through December 5, 2020, The Walt Disney Company 

performed 122,300 PCR tests at TV production sites, of which 323 were positive (0.26%). After removing the 84 positive tests found during the pre-employment screening, which leads 

to the individual entering isolation and not working on a production, the positivity rate during production was 0.19%. This rate is low in comparison to the average US rate during that 

same period (4.1% to 10.5%)27 because members are in a screening program and tested frequently. Also, the studios have instituted strict safety measures.26

In some, but not all instances, an unexpected positive result in an asymptomatic cast or crew member who had prior negative PCR tests, led to an evaluation of whether the test was a 

false positive by retesting the person 24 or more hours after the positive test on at least two occasions. If both retests were negative, we considered the first test to be a false positive. Of 

the 239 positive tests found after the pre-employment tests were removed, 54 (22.6%) were deemed to be false positives, giving a positive predictive value of 77.4%. An important 

caveat to these numbers is that there was a selection bias in who was investigated for the possibility of a false positive result. As noted, all the individuals were asymptomatic and had at 

least a negative pre-employment test, and many had multiple negative PCR tests before a positive appeared. Also, there were “outbreaks” of positive tests due to documented 

contamination of reagents or mistakes in programing of the PCR platform. Finding multiple asymptomatic individuals who may not have been in contact with each other led to 

retesting of the original nasal swabs and testing of freshly obtained new specimens. Since we did not systematically reevaluate every positive test, we may have underestimated the 

false positive rate.

Our experience and the data reviewed above has led us to develop an algorithm for evaluating an unexpected positive result in an asymptomatic individual without known close contact 

with an actively infected person in a screening setting for the entertainment industry (Fig. 	(Fig.1).1). We feel that this algorithm should be applicable to any screening situation and 

conforms to the recommendation of the WHO, the United Kingdom, and the Norwegian Institute of Public Health,20,28,29 as well as multiple authors.12,15,21,30,31







Our laboratory uses the US Food and Drug Administration (FDA) emergency-use-authorized ThermoFisher TaqPath COVID-19 Combo Test Kit5 which tests for the 

presence of the N, ORF1, and S genes. Over a 2-week period, suspicious positive results, including side-by-side positives, clusters of positives, and plates where there was 

concern about potential technician error during 1 of the testing steps, were screened for possible false positivity.

MATERIALS AND METHODS

Testing was performed in a 96-well format on nasopharyngeal swab specimens collected from 8174 asymptomatic patients (mostly preoperative testing) and 26 209 

symptomatic patients in Utah from August 5, 2020 to August 19, 2020. Viral RNA was extracted using the KingFisher Flex System with MagMAX Viral Nucleic Acid Kits. PCR 

amplification was performed on Applied Biosystems 7500 PCR systems and a QuantStudio 5 PCR system. Per the manufacturer's instructions for use, the Applied 

Biosystems COVID-19 Interpretive Software was used to call positive and negative test results. Positive test results required detection of at least 2 of 3 viral genes, and 

negative test results had to be negative for all 3 viral genes. All test kits and instruments were purchased from ThermoFisher, USA. Positive amplification curves and 

samples' locations on the plates were reviewed. If 2 adjacent positive samples had a cycle threshold (Ct) difference greater than 5 for any 1 of 3 viral genes, the specimen 

with the higher Ct was re-extracted and retested twice. If both repeats were negative, the result was classified as a false positive. If a blank was positive or if there was 

concern about a potential gross splash contamination event, then the entire plate was retested. If any of the laboratory technicians performing the testing reported to the lab 

supervisor that they were concerned a patient sample had been pipetted into the wrong well on the test plate (eg, if only 7 patient specimens were counted when double 

checking the number of patient specimens used to fill 1 column of 8 wells on a 96-well plate, then there would be concern that 1 patient specimen was accidentally pipetted 

out twice), or that the 96-well plate had been improperly sealed during the vortexing or amplification steps (eg, if fluid was noted on the surface of the 96-well plate after 

removing the cover seal), the entire plate was retested as well. When an entire plate was retested, any specimen that had a discordant result from the original run was tested 

again, so that there would be 3 test results per specimen. If the original result was positive, and the 2 repeats were negative, then the result was classified as a false 

positive. If the original result was negative, and the 2 repeats were positive, the result was classified as positive. If 1 of the repeats was positive and the other repeat was 

negative, then the result was classified as indeterminate with a note to the ordering physician that a new specimen be submitted for testing if clinically indicated. A 2-tailed 

Student's t-test was used for statistical comparisons.

RESULTS

383 tests, 2861 (8.3%) were positive and 336 of those met the criteria for retesting; 40 (0.1%) were identified as false positives. During the study period, there were no 

discordant viral gene test results; in other words, all positive test results were positive for all 3 viral genes and all negative test results were negative for all 3 viral genes on 

the original and repeated runs. The most common false-positive pattern was a single, weak positive located directly adjacent to a strong positive (Figure 1). This pattern 

accounted for 39 of the false positives, which were detected based on testing a total of 336 side-by-side positives with a Ct difference more than 5. The remaining single 

positive event was due to a self-reported technician pipetting error that triggered investigation; 2 adjacent wells on the 96-well test plate were accidentally filled with 

fluid from the same patient specimen tube. This resulted in a false-positive test result with a Ct value that was only 2 greater than the adjacent true positive well.



Figure 3.A 96-well plate run of patient samples including 8 blanks and a positive control. Two positive patient samples were in well C12 (Ct 21.2) and D12 (Ct 29.9). Positive 

control was in well H12 (Ct 30.8). Abbreviation: Ct, cycle threshold.

Three out of 400 96-well plates run had to be entirely retested owing to positive blanks as follows: 2 were caused by cross-over contamination from a positive patient sample, while 

the third was due to a splash contamination event caused by improper covering of the plate during the specimen vortexing step. The data obtained from the repeat test of the plate 

with the gross splash contamination were included in our data set, but not the original run, which had 20 false positives in a radial distribution. The N gene Ct value range for false 

positives was 21.9 to 37.7 and for the associated true positives was 11.8 to 30.3, with the mean Ct values being significantly different (30.2 versus 19.1, P < .001) (Figure 2). 

gene Ct difference between adjacent false positive and true positive samples ranged from 2 to 22 with an average of 11.1 and a standard deviation of 4.0 (Figure 3). Similar 

results were observed for the ORF1 and S genes. The ORF1 gene Ct value range for false positives was 20.3 to 40.0 and for the associated true positives was 10.6 to 32.0, with 

the mean Ct values being significantly different (30.1 versus 19.1, P < .001). The ORF1 gene Ct difference between adjacent false-positive and true-positive samples ranged from 

4 to 23. The S gene Ct value range for false positives was 21.6 to 40.0 and for the associated true positives was 11.8 to 35.0, with the mean Ct values being significantly different 

(30.9 versus 20.2, P < .001). The S gene Ct difference between adjacent false-positive and true-positive samples ranged from 3 to 19.

2.Box plots of the Ct values for the 40 false positives and their associated adjacent true positive. The difference between the mean Ct values was statistically significant (P 

< .001). Abbreviations: Ct, cycle threshold; SD, standard deviation.

3. Ct differences between a false-positive and its adjacent true-positive; a tally of the number of instances a given Ct difference occurred in our data set of 40 false 

positives. Abbreviation: Ct, cycle threshold.

DISCUSSION

Forty sided-by-side cross-contamination events led to false-positive test results at a rate of approximately 1 in 1000 specimens tested during the study period. The largest Ct 

difference observed was 21.8. This indicates that a microscopic cross-over contamination event was sufficient to produce a false-positive result, as the false positive well 

contained 3.6 million-fold less viral genomic material compared with the adjacent true positive well. We have adopted the following measures to prevent and detect false

results: (1) reducing the ethanol wash volume on the KingFisher extractions from 1000 to a 500 μL followed by a 250-uL wash to minimize the risk of splashing, (2) using 8 blanks 

per plate, 2 randomly placed in each quadrant, (3) more frequent servicing of the testing equipment based on weekly environmental swab results and the rate of false positives per 

machine, (4) tracking lots of plastics used (ie, tip combs), and (5) re-extracting and retesting positives located adjacent to a stronger positive (Ct difference >5). Manually

all positive amplification curves, analyzing their location on the 96-well plates, and comparing the Ct values of adjacent positive specimens have been critical in our quality 

assurance process.

Visual inspection of the amplification curves enabled us to identify another important cause of false positives, artifactual rectangular-shaped curves that rise rapidly at low cycle 

times and then flatline, several months before an FDA letter6 that was sent to all health care providers using the TaqPath COVID-19 Combo Kit in regard to this issue. We had 

already implemented the FDA suggested corrective actions before this study, and no false-positive results in this data set were caused by these artifactual rectangular shaped 

curves. Manual review of amplification curves has also enabled us to catch false negatives, weak curves arising at high Ct values that do not cross the interpretative software's 

threshold.

Owing to cross-contamination events usually producing normal appearing amplification curves, we have been able to identify these false-positive results based on their pattern of 

distribution on the 96-well plates in combination with the Ct value comparisons described in this study. We believe that the recommendations provided above could help to improve 

the accuracy of SARS-CoV-2 testing for laboratories around the world regardless of the rRT-PCR platform used.





















Remote monitoring of patients with COVID-19
Home Remote monitoring of patients with COVID-19

COVID-19: Remote Patient 

Monitoring
Remote patient monitoring (RPM) technologies 

that track and transmit a patient’s vital signs can 

provide real-time insights for healthcare providers 

to determine next steps.

Show2Doc is a Doctor-to-Patient monitoring and communication 

platform that combines telemedicine capability and connectivity with 

medical devices into a single system. It was designed specifically for 

remote monitoring of COVID-19 patients.

The system includes a web interface for the doctor, a convenient 

application for the patient (Android and iOS), a virtual cloud, ISO 

certified in the EU and portable medical devices for home use 

(optionally).





Importance of daily remote monitoring for patients with COVID-19
Healthcare should focus on introducing daily monitoring of health status and follow-up of prescriptions in 

patients in self-isolation and outpatient treatment.

 COVID-19 is an insidious disease, when symptoms of lung tissue damage are often invisible to the patient.

 The late detection of symptoms of worsening disease leads to an increase in the number of severe cases and the 

need for hospitalization.

 The introduction of monitoring patients in self-isolation and outpatient treatment through Show2Doc platform 

will improve the timeliness of treatment, significantly reduce the number of severe cases, hospitalizations and 

deaths.

Daily monitoring tasks

for COVID-19 patients
Due to the ability to monitor patients on the basis of medical protocols, the platform allows you to identify in time 

and speed up the care of infected patients whose condition is deteriorating.

Timely detect a slight increase in temperature or deterioration of respiratory function-this is the task for daily 

monitoring with the joint participation of a doctor and a patient:

 t° — body temperature

 SpO2 — oxygen saturation

 30″ — breath hold test

 other important tests.

The medical devices such as an thermometer and a pulse oximeter are most relevant for the COVID-19 patients 

undergoing home treatment.



Continuous treatment and care

during the pandemic

Patient app (Android and iOS) collects all measurements from medical devices and transmits them to doctor’s web 

interface. Reminders, task manager, telemedicine consultations make Show2Doc direct channel between doctors and 

patients.

Why is Show2Docthe best solution

for daily COVID-19 monitoring?

Valuable labor time and cost savings for patient care.

Doctor prescriptions fulfillment control with automatic documentation (which is not performed in videoservices).

Doctor-Patient immediate communication via chat for immediate feedback.

Reducing the number of videocalls only to neccessary cases – all measurements and symptoms are already entered by the 

patient.

Possibility of complete outpatient treatment without in-person visits to the clinic.

User-fiendly intuitive interfaces.

Convinient time and task management.



Why is Show2Docthe best solution
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Valuable labor time and cost savings for patient care.

Doctor prescriptions fulfillment control with automatic documentation (which is not performed in videoservices).

Doctor-Patient immediate communication via chat for immediate feedback.

Reducing the number of videocalls only to neccessary cases – all measurements and symptoms are already entered by the 

patient.

Possibility of complete outpatient treatment without in-person visits to the clinic.

User-fiendly intuitive interfaces.

Convinient time and task management.

Calendar

Calendar and observation diary with questions to monitor a patient condition.

Reports

Observe trends via custom reports and dashboards with aggregate data.

EHR/EMR

All patients are in one place with all data (EHR) and a medical history. Use Show2Doc standalone or integrate with your 

EHR/MIS.

Comprehensive software

No additional software need to be used: just the web interface for the doctor and the Show2Doc mobile app (Android and 

) for the patient.

White Label is avaliable

Software (mobile app and web interface) can be personalized for clinic (name of app in store, logo, colours, etc.)






















