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Abstract
With the spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), medical providers should take care to 
prevent the transmission of SARS-CoV-2 in hospitals including super-spreading. Understanding super-spreading would be 
useful to reduce future transmission. Some publications have shown clusters of SARS-CoV-2 such as at choir practice and 
in hospitals. Aerosol can be considered as a primary transmission route. As SARS-CoV-2 stability in aerosol is similar to 
SARS-CoV-1 with the higher reproductive number of SARS-CoV-2 than SARS-CoV-1, another factor causes rapidly spread-
out, e.g. a higher discharge ratio from infected people or a higher viral intake ratio to human body. A basic research suggests 
higher infectivity of SARS-CoV-2 in the nose than the peripheral lung. Universal masking would be important to prevent the 
exposure of SARS-CoV-2 droplet to uninfected people. To detect SARS-CoV-2 infection, laboratory tests such as reverse 
transcription polymerase chain reaction and enzyme-linked immunosorbent assays are applied. Although sensitivity and 
specificity are provided for the ability of the test, positive or negative prediction values are useful to indicate the possiblity 
of infection or non-infection in clinical practice. We have to realize that the positive and negative prediction values depend 
on the sensitivity, specificity, and infection probability of the patient.
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Introduction

After the spread of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), anesthesia practice has dra-
matically changed. Medical providers should take care to 
protect themselves from coronavirus disease 2019 (COVID-
19) from infected individuals and to spread COVID-19 to 
someone else. Findings for the transmission of SARS-CoV-2 
would help to reduce future transmission in hospitals. For 
infection control, laboratory tests such as reverse transcrip-
tion polymerase chain reaction (RT-PCR) test or rapid anti-
gen test may be used for screening before surgeries. Many 
anesthesiologists may not be familiar with the interpreta-
tion of the results of laboratory tests and the meaning of 

sensitivity and specificity of laboratory tests. Several exam-
ples have been presented for those understandings here.

Consideration for transmission and its 
prevention of SARS‑CoV‑2

Many publications have described the super-spreading of 
SARS-CoV-2 by choir practice [1], by an asymptomatic 
traveler possibly via polluted air in the elevator [2], at 
health-care facilities, and related to deep breathing in close 
contact such as singing at karaoke parties, cheering at clubs, 
having conversations in bars, and exercising in gymnasiums 
[3]. Based on these reports, aerosol can be considered as a 
primary transmission route.

One study has shown the stability of SARS-CoV-2 in 
aerosol and on surface compared with that of SARS-CoV-1 
under the experimental condition at 21–23 °C, 40% relative 
humidity [4]. On plastic and stainless steel and in aerosol, 
the estimated median half-lives of SARS-CoV-2 were 6.8, 
5.6, and 1.1 h, which were similar to that of SARS-CoV-1. 
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The results indicate that the difference in transmission 
characteristics depends on other factors. Possible causes 
of SARS-CoV-2 spreading rapidly are a higher discharge 
ratio from infected people and viral kinetics in the human 
body including a higher viral intake ratio to the human body. 
Concerning the viral kinetics, there is an important basic 
research showing that the infectivity of SARS-CoV-2 in the 
nose was higher than that in the peripheral lung [5]. The 
article recommends the widespread use of masks to prevent 
aerosol, large droplet, and/or mechanical exposure to the 
nasal passages. Although universal masking had doubtful 
preventive effect against viral infection until early in 2020, 
which may be due to the small virus size (approximately 
120 nm in diameter), one experiment supports the effective-
ness of surgical mask [6]. A perspective has discussed the 
importance and benefit of universal masking [7]. Another 
unpeer-reviewed archive has suggested that COVID-19 
can spread from 1 to 10% of infected individuals, result-
ing in 80% of secondary infections with an analysis for 
212 sequential SARS-CoV-2 infections [8]. The possibil-
ity of transmission from presymptomatic and asymptomatic 
SARS-CoV-2 infected patients, and the possibility of peak 
infectiousness at 2 days before to 1 day after onset from the 
infector–infectee paired data have been shown [9, 10]. These 
publications confirmed that prevention is a principal factor 
to control the spread of the SARS-CoV-2 infection.

Laboratory tests for SAR‑CoV2 infection 
and their interpretation

A good review article has been published about various lab-
oratory tests for SARS-CoV-2 and has stated the advantages 
and disadvantages of the tests [11]. The most global test is 
an RT-PCR test, which could have a high analytical sensitiv-
ity of 95% [12]. Note that this sensitivity is NOT the sensi-
tivity of laboratory test. In the laboratory test in an infected 
patient, the sample such as nasopharyngeal swab may have 
no SARS-CoV-2. This patient has reduced sensitivity for the 
laboratory test. The RT-PCR test for SARS-CoV-2 is likely 
to have high specificity, but moderate sensitivity [13].

Other serology-based laboratory tests are also available 
to detect SARS-CoV-2 infection such as enzyme-linked 
immunosorbent assays (ELISA) for Ig A, IgM, or IgG. The 
positive rate of these tests in patients with SARS-CoV-2 
infection may be influenced by the duration after the onset 
of the infection [11, 14]. This is a disadvantage of the test. 
However, an article has shown that the detection ratio of IgM 
ELISA for SARS-CoV-2 was higher than that of RT-PCR 
after 5.5 days or later of the symptom onset [14]. Addition-
ally, the combination of RT-PCR and IgM ELISA improved 
the detection rate [14]. Rapid antigen testing is available, but 
its sensitivity is moderate and is currently lower than that of 

RT-PCR test [15]. As the conditions of these laboratory tests 
improves every day, the latest information would be found 
and considered in the next few years.

When a test for SARS-CoV-2 such as RT-PCR test is 
used before scheduled surgeries, anesthesiologists should 
understand the meaning of ‘positive’ and ‘negative’ results 
of the test. To understand the result of a laboratory test, 
positive predictive value (PPV) and negative predictive 
value (NPV) are useful. PPV indicates the ratio of true-
positive patients among all test-positive patients, and NPV 
indicates the ratio of true-negative patients among all test-
negative patients. (Table 1) However, PPV and NPV are not 
applicable without the infection probability of the patient 
or infection ratio in the population. Instead, sensitivity and 
specificity are applied for a laboratory test. (Table 1) These 
indices describe “the ability of the test”, but not “the ratio 
of infected patients versus the result of the test.”

Here, various examples show the PPV and NPV calcu-
lated using sensitivity, specificity, and probability of infec-
tion for RT-PCR test (Table 2). For the calculations, the total 
number of the population is set at 1000. Examples 1–1 to 
1–7 show the PPV and NPV values for sensitivity of 70%, 
specificity of 95% [13], and infection probability between 1 
and 80%. When the infection probability is 1% (Ex 1–1 in 
Table 2), PPV is only 12.4% and NPV is 99.7%. This means 
that 87.6% (this is the false discovery rate: FDR) of all test-
positive patients are not infected, while 0.3% (this is the false 
omission rate: FOR) of all test-negative patients are infected. 
In this case, the tested patient should be considered to have 
infection probability of 1% before the test. Another example 
is with the infection probability of 80% (Ex 1–7 in Table 2), 
PPV of 98.2% and NPV of 44.2%. This means that 1.8% of 
all test-positive patients are not infected, while 55.8% of all 
test-negative patients are infected. The results suggest that 
one should not be confident only with a result of a labora-
tory testing and that symptoms and other findings are also 
important for the diagnosis of SARS-CoV-2 infection. The 
influence of sensitivity on PPV and NPV can be studied on 

Table 1  Positive and negative predictive values for laboratory test

SARS-CoV-2 infection

Yes No
Laboratory test Positive True positive a False positive b

Negative False negative c True negative d

Positive predictive value (PPV) =
true−positive patients

all test−positive patients
=

a

a+b

Negative predictive value (NPV) =
true - negative patients

All test - negative patients
=

d

c+d

Sensitivity =
true - positive patients

all infected patients
=

a

a+c

Specificity =
true - negative patients

all uninfected patients
=

d

b+d

False discovery rate (FDR) =
false - positive patients

all test - positive patients
=

b

a+b

False omission rate (FOR) =
false - negative patients

all test - negative patients
=

c

c+d
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comparing the Ex 1, 2, and 3. The sensitivity range 70–90% 
influences NPV especially for high infection probability, but 
influences PPV little. The influence of specificity on PPV 
and NPV can be inspected when comparing Ex 1, 4, and 
5, or Ex 3, 5, and 7. The specificity range 95–99% has a 
large impact on PPV for lower infection probability, e.g., a 
change in specificity from 95 to 99% with sensitivity of 70% 
increases PPV from 12.4% to 41.4% on infection probability 

of 1% (Ex 1–1 versus Ex 6–1) or PPV from 42.4% to 88.6% 
on infection probability of 10% (Ex 1–3 versus Ex 6–3). A 
change in specificity between these ranges has little impact 
on NPV.

All laboratory tests are not perfect. The “infected patient” 
can have a “negative” result of the test (this is “false nega-
tive”) similar to an “infected patient” being “asymptomatic.” 
But, is laboratory test useless? The answer is “NO.” For the 

Table 2  Examples of positive 
and negative predictive value 
for RT-PCR test in patients 
with suspected SARS-CoV-2 
infection

RT-PCR reverse transcription polymerase chain reaction, SARS-CoV-2 severe acute respiratory syndrome 
coronavirus 2, Ex example, Sens sensitivity, Spec specificity, Prob infection probability, TP true positive, 
FP false positive, FN false negative, TN true negative, PPV positive predictive value, NPV negative predic-
tive value
Total number of the population (sum of TP, FP, FN, and TN people) is set at 1000 for each example

Ex Sens Spec Prob TP FP FN TN PPV NPV

1–1 70 95 1 7 50 3 940 12.4 99.7
1–2 70 95 5 35 48 15 903 42.4 98.4
1–3 70 95 10 70 45 30 855 60.9 96.6
1–4 70 95 20 140 40 60 760 77.8 92.7
1–5 70 95 40 280 30 120 570 90.3 82.6
1–6 70 95 60 420 20 180 380 95.5 67.9
1–7 70 95 80 560 10 240 190 98.2 44.2
2–1 80 95 1 8 50 2 941 13.9 99.8
2–2 80 95 5 40 48 10 903 45.7 98.9
2–3 80 95 10 80 45 20 855 64.0 97.7
2–4 80 95 40 320 30 80 570 91.4 87.7
2–5 80 95 80 640 10 160 190 98.5 54.3
3–1 90 95 1 9 50 1 941 15.4 99.9
3–2 90 95 5 45 48 5 903 48.6 99.4
3–3 90 95 10 90 45 10 855 66.7 98.8
3–4 90 95 40 360 30 40 570 92.3 93.4
3–5 90 95 80 720 10 80 190 98.6 70.4
4–1 70 97 1 7 30 3 960 19.1 99.7
4–2 70 97 5 35 29 15 922 55.1 98.4
4–3 70 97 10 70 27 30 873 72.2 96.7
4–4 70 97 40 280 18 120 582 94.0 82.9
4–5 70 97 80 560 6 240 194 98.9 44.7
5–1 90 97 1 9 30 1 960 23.3 99.9
5–2 90 97 5 45 29 5 922 61.2 99.5
5–3 90 97 10 90 27 10 873 76.9 98.9
5–4 90 97 40 360 18 40 582 95.2 93.6
5–5 90 97 80 720 6 80 194 99.2 70.8
6–1 70 99 1 7 10 3 980 41.4 99.7
6–2 70 99 5 35 10 15 941 78.7 98.4
6–3 70 99 10 70 9 30 891 88.6 96.7
6–4 70 99 40 280 6 120 594 97.9 83.2
6–5 70 99 80 560 2 240 198 99.6 45.2
7–1 90 99 1 9 10 1 980 47.6 99.9
7–2 90 99 5 45 10 5 941 82.6 99.5
7–3 90 99 10 90 9 10 891 90.9 98.9
7–4 90 99 40 360 6 40 594 98.4 93.7
7–5 90 99 80 720 2 80 198 99.7 71.2
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special population, laboratory test would be useful. When 
the infection probability is ≤ 5% in a patient with sensitiv-
ity > 70% and specificity > 95% of the laboratory test, NPV 
results in > 98%. In other words, the negative result of the 
test means uninfected in > 98% patients. In contrast, when 
the infection probability is ≥ 40% in a patient, with sensitiv-
ity of 70% and specificity > 95% of the laboratory test, NPV 
results in < 83.3%. This means that 16.7% in the “negative” 
population, i.e., one out of six people, is infected. For PPV, 
when the infection probability is 1% in a patient with sen-
sitivity between 70 and 90% and specificity of 95% of the 
laboratory test, PPV results in < 16.7%. This means that five 
“uninfected” out of six people have a “positive” result of the 
test (“false positive”). If you are interested in calculating 
PPV and NPV by yourself, you can find a good calculator 
in a website of an article [13]. Please realize that the PPV 
and NPV depend on not only sensitivity and specificity of 
the laboratory test, but also the infection probability of the 
patient.
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