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Early case detection and isolation of infected individuals are 
critical to controlling coronavirus disease 2019 (COVID-19). 
Reverse transcription polymerase chain reaction (RT-PCR) is 
considered the gold standard for the diagnosis of severe acute 
respiratory syndrome coronavirus 2 infection, but false nega-
tives do occur. We built a user-friendly online tool to estimate 
the probability of having COVID-19 with negative RT-PCR re-
sults and thus avoid preventable transmission.
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The coronavirus disease 2019 (COVID-19) pandemic has im-
posed a catastrophic toll worldwide, with about 130 million re-
ported cases and 2.8 million reported deaths as of March 30, 
2021 [1]. Despite the historical development and approval of 
several effective COVID-19 vaccines [2], epidemic control in 
most countries still critically depends on nonpharmaceutical 
interventions, such as social distancing and early detection and 
effective quarantine of infected individuals [3]. Community- 
and travel-related severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) transmission risk will remain important 
until a large proportion of the population is immunized.

Compared with other viruses, SARS-CoV-2, the virus that 
causes COVID-19 disease, has 2 characteristics that make early 
case detection and quarantine of infected individuals particu-
larly critical for epidemic control. First, the virus is an efficient 
spreader, with an average of about 2.5 secondary infections 

caused by a single infected individual in a susceptible popula-
tion [4]. Second, the highest risk of transmission occurs very 
early in the disease, before or within the first days of symptom 
onset [5, 6]. These characteristics hinder transmission control 
because early case detection and effective quarantine are chal-
lenging. Thus far, COVID-19 surveillance has been prima-
rily based on reverse transcription polymerase chain reaction 
(RT-PCR) assays, which are considered the most reliable tests 
for diagnosing SARS-CoV-2 infection [7, 8]. However, RT-PCR 
positivity varies among infected patients depending on, for ex-
ample, the timing of sample collection in relation to symptom 
onset or the sampling technique used (eg, nasopharyngeal 
swabs, sputum, bronchoalveolar lavage) [9, 10].

This lack of a clear-cut result presents a non-negligible chal-
lenge in the workplace and health care settings because a nega-
tive RT-PCR should be interpreted as a person being less likely 
to be infected. Training and experience in clinical epidemiolog-
ical reasoning may help health care workers make safer deci-
sions and recommendations. A negative RT-PCR result may be 
complemented in such settings, for example, with chest radio-
graphs, repeat swabs, tomography scans, and or a patient’s con-
tact history [10]. However, RT-PCR testing strategies are often 
used in community settings where false-negative results may be 
interpreted at face value—for example, to clear individuals for 
work in industry, attend college, or in pretravel evaluations [11], 
increasing the risk of preventable transmission of the virus.

We addressed this problem by designing a readily available, 
easy-to-use online tool to estimate the probability that an indi-
vidual is infected with SARS-CoV-2 conditional on having 1 or 
more negative RT-PCR test results. The tool helps individuals 
interpret test results by incorporating information about the 
person and the test. Specifically, we use the pretest probability 
(anchor) of the person being infected and adjust this proba-
bility with the information provided by the test and the time 
elapsed since the onset of symptoms. Our tool, based mainly 
on the work by Kucirka et al. [12], requires users to first choose 
between 1, 2, or 3 consecutive negative RT-PCR tests. Second, 
users need to provide (i) the estimated probability of being pos-
itive before taking the RT-PCR diagnostic test (range, 0 to 1), 
and (ii) the user provides the number of days elapsed between 
the first symptoms and the first, second, or third RT-PCR test 
(range, –4 to 16 days).

METHODS

We built upon Kucirka et al.’s work [12] and adjusted a hier-
archical logistic model to estimate the rate of false negatives 
for different moments in time from the onset of symptoms. 
We implemented the model using JAGS and the RJAGS 

applyparastyle “fig//caption/p[1]” parastyle “FigCapt”

mailto:atjara@uc.cl?subject=
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/ofid/ofab382
https://orcid.org/0000-0002-4425-1253


2  •  ofid  •  BRIEF REPORT

library in R [13]. We generated a Markov chain of 420 000 
samples; the first 20 000 samples were discarded, and the rest 
were resampled to generate a subchain of size 20 000. In con-
trast to Kucirka et al. [12], we estimated a non-study-specific 
marginal rate of false-negative RT-PCR tests. Our online tool 
assumes a specificity of 1 of the RT-PCR tests for detecting 
SARS-CoV-2 and independence of the results of different 
tests when considering >1 test (technical details are shown 
in Section 1 of the Supplementary Data and Supplementary 
Figure 1).

To help potential users, our tool also provides an empirical 
estimate of the pretest probability of SARS-CoV-2 infection. 
This estimate, including uncertainty, is based on a real-world 
sample of 926 individuals with suspected SARS-CoV-2 infec-
tion or close contact with a laboratory-confirmed COVID-
19 patient from 5 medical centers in Santiago, Chile [14]. 
Participants responded to a brief questionnaire of COVID-19-
related signs and symptoms (eg, fever, cough, rhinitis, breathing 
difficulty, muscular pain) and then got tested for Covid-19 
using an RT-PCR assay. Based on these data, we used a Bayesian 
logistic regression model, along with a classification tree, to es-
timate the pretest probability based on the available covariates 
(Supplementary Data, Supplementary Figure 2). We generated a 
Markov chain of 420 000 samples; the first 20 000 samples were 
discarded, and the rest were resampled to generate a subchain 
of size 20 000. Users of our tool can consider this estimate their 
pretest probability or adjust it based on other criteria (eg, re-
sults from a chest radiograph). We provide this data set as an 
example, but the pretest probability can be easily estimated for a 
different population (Supplementary Data, Section 2).

RESULTS AND DISCUSSION

Our online tool enables users to estimate the probability of 
having COVID-19 with 1 or more negative RT-PCR results. 
The tool is available in English and Spanish at https://midas-uc.
shinyapps.io/Calculadora-COVID19/. To show the tool’s utility, 
we input data from a health care worker in a hospital set-
ting in Chile who was not working with COVID-19 patients. 
The worker was inadvertently exposed to SARS-CoV-2 by an 
asymptomatic patient who later developed symptoms and had 
confirmed COVID-19. The worker had a negative nasopha-
ryngeal swab RT-PCR result 3  days after exposure. However, 
she reported symptoms the day after the first negative RT-PCR 
and had a second RT-PCR test that showed positive results 
(Supplementary Data). Because she was exposed for a relatively 
long period, we used a 50% pretest probability of infection 
(Figure 1).

One of the main strengths of our tool is its relative sim-
plicity. However, the tool does not include all factors that may 
affect the RT-PCR-negative predictive value. For instance, 
clinicians often estimate the pretest probability of disease 

(anchor) based on several criteria such as local disease prev-
alence, occupational risk, alternative diagnoses, contact his-
tory, setting (primary or secondary health care), and other 
diagnostic tools such as a chest radiograph, then adjust this 
probability based on RT-PCR test results (post-test proba-
bility). Therefore, the negative predictive value of the RT-PCR 
test result may increase based on a clinician’s experience, good 
judgment, and available resources, which are not included in 
our model. Our tool is intended for use beyond clinical set-
tings, such as in a mining operation where all workers are 
tested or in combination with other diagnostic strategies to 
reopen society [15]. To illustrate, we chose a random patient 
from our sample. This person had a negative RT-PCR result. 
We assumed that she and the lab would not have the skills 
or experience to estimate her pretest probability of SARS-
CoV-2 infection. She reported having fever and cough and 
no other symptoms and had taken an RT-PCR 2  days after 
the onset of fever. Using the data-based pretest probability 
module in our tool, she would obtain a probability distribu-
tion with an estimated 56% pretest probability of infection 
(Supplementary Data, Section 3, and Supplementary Figure 
3). The tool also shows the posterior distribution for the sen-
sitivity of the RT-PCR test to the SARS-CoV-2 virus and the 
posterior distribution for the probability of being positive for 
the SARS-CoV-2 virus, given the negative result on 1 RT-PCR 
test (Supplementary Data).

One remaining question is how these results should be used. 
Specific recommendations for patients depend on the pre-
test probability of disease and the potential consequences of a 
false-negative diagnosis. In principle, we recommend that an-
yone with a clinical COVID-19 diagnosis isolate, despite having 
a negative RT-PCR result. This is more important for people 
working with vulnerable populations or who have frequent 
face-to-face interactions with others.

Accurate test results are critical to prevent onward SARS-
CoV-2 transmission in community and hospital settings. As 
the subsequent waves of infection continue, straining health 
system capacity even further, essential workers and travelers 
with known exposures to the virus will continue to use RT-PCR 
tests to rule out SARS-CoV-2 infection. False-negative RT-PCR 
results are particularly problematic among health care and 
other essential workers such as firefighters and police, as well as 
travelers, who may inadvertently become superspreaders [16]. 
As social distancing measures are relaxed, RT-PCR false nega-
tives also affect community control measures if individuals with 
suspected infection are cleared to return to work or travel. If 
false-negative RT-PCR results are treated as evidence of no in-
fection, there is a non-negligible risk of preventable transmis-
sion of the virus.

We hope this publicly available online tool will help workers, 
travelers, and decision-makers avoid the preventable transmis-
sion of SARS-CoV-2 by making safer decisions.
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Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
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B Posterior distribution of  the sensitivity of  the PCR test to the SARS-CoV-2 virus

C Posterior distribution of  the probability of  being positive for the SARS-CoV-2 virus,
given the negative result on a PCR test

Figure 1.  Illustrative results from the tool to estimate the probability of having COVID-19 with 1 negative RT-PCR tool. A, The worker reported symptoms the day after 
the first negative RT-PCR; because she was exposed for a relatively long period of time, we used a 50% pretest probability of infection. B, The posterior distribution of the 
sensitivity of the PCR test to the SARS-CoV-2 virus. C, The posterior distribution of the probability of being positive for the SARS-CoV-2 virus, given the negative result on a 
PCR test. Abbreviations: COVID-19, coronavirus disease 2019; PCR, polymerase chain reaction; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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Data availability.  The tool is available in English and Spanish 
at https://midas-uc.shinyapps.io/Calculadora-COVID19/. Data 
used to estimate the pretest probability are available at 10.17632/
z4ktvcwfp6.2#file-c8232f24–5acf-4d93–84ef-ff82b0cc4310.

Patient consent.  This study used anonymized secondary data from a 
sample of patients in 5 medical centers in Santiago, Chile. Primary data col-
lection and study procedures, including obtaining the patients’ written con-
sent, were approved by the Comité Científico de Ciencias de la Salud UC, 
Pontificia Universidad Catolica de Chile’ ethics committee.
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