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Abstract 

Background Due to the high transmissibility of SARS-CoV-2, accurate diagnosis is essential for effective infection 
control, but the gold standard, real-time reverse transcriptase-polymerase chain reaction (RT-PCR), is costly, slow, and 
test capacity has at times been insufficient. We compared the accuracy of clinician diagnosis of COVID-19 against RT-
PCR in a general adult population.

Methods COVID-19 diagnosis data by 30th September 2021 for participants in an ongoing population-based cohort 
study of adults in Western Sweden were retrieved from registers, based on positive RT-PCR and clinician diagnosis 
using recommended ICD-10 codes. We calculated accuracy measures of clinician diagnosis using RT-PCR as reference 
for all subjects and stratified by age, gender, BMI, and comorbidity collected pre-COVID-19.

Results Of 42,621 subjects, 3,936 (9.2%) and 5705 (13.4%) had had COVID-19 identified by RT-PCR and clinician 
diagnosis, respectively. Sensitivity and specificity of clinician diagnosis against RT-PCR were 78% (95%CI 77–80%) and 
93% (95%CI 93–93%), respectively. Positive predictive value (PPV) was 54% (95%CI 53–55%), while negative predictive 
value (NPV) was 98% (95%CI 98–98%) and Youden’s index 71% (95%CI 70–72%). These estimates were similar between 
men and women, across age groups, BMI categories, and between patients with and without asthma. However, while 
specificity, NPV, and Youden’s index were similar between patients with and without chronic obstructive pulmonary 
disease (COPD), sensitivity was slightly higher in patients with (84% [95%CI 74–90%]) than those without (78% [95%CI 
77–79%]) COPD.

Conclusions The accuracy of clinician diagnosis for COVID-19 is adequate, regardless of gender, age, BMI, and 
asthma, and thus can be used for screening purposes to supplement RT-PCR.
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Introduction
As COVID-19 continues to spread in waves across the 
world, rapid and accurate diagnosis are essential tools 
to identify, isolate, and appropriately manage patients, 
thereby decreasing the rate of infectivity, morbidity, and 
mortality [1]. Robust and rapid diagnosis of COVID-19 
also aids in surveillance, management and control of 
disease, epidemiologic characterization, contact trac-
ing, and decision making for public health purposes [2, 
3]. However, at the beginning of the pandemic, diagno-
sis was challenging, primarily because of the disparate 
symptoms manifested by those infected, ranging from 
mild or no symptoms to life-threatening presentations 
[4]. In response, various diagnostic approaches were 
employed, which are classified based on their underly-
ing indications and principles.

Diagnostic approaches currently being used for 
COVID-19 can be broadly divided into two basic cat-
egories: clinical and in  vitro diagnostics [5–7]. The 
clinical diagnostic methods are based on assessment of 
symptoms, imaging techniques, and laboratory tests. 
Findings from these methods can be non-specific and 
insufficient to provide compelling evidence of COVID-
19 infection [7]. The diagnostic methods are commonly 
divided into: (a) nucleic acid-based assays, in which 
RNA of the virus causing COVID-19, severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), is 
amplified; and (b) serological assays, in which antibod-
ies/antigens specific to SARS-CoV-2 are targeted [8, 9]. 
Real-time reverse transcriptase-polymerase chain reac-
tion (RT-PCR) is one of the most sensitive and widely 
implemented nucleic acid-based assays [10, 11], com-
monly considered to be the “gold standard” for diagno-
sis of COVID-19 [12, 13].

Not all COVID-19 patients or suspected cases end up 
getting an RT-PCR test, but rather are examined by a 
clinician and thus get classified using the recommended 
International Classification of Disease (ICD) codes for 
COVID-19. It is unclear to what extent these clinician-
based diagnoses correctly identify true COVID-19 cases. 
While only a few studies have evaluated the accuracy 
of COVID-19 diagnosis, majority of these have usually 
compared topography with RT-PCR. To our knowledge, 
the accuracy of the recommended ICD codes has not yet 
been validated in a population-based setting. Doing so 
will help to ascertain as to what extent they can be used 
independently or complimentarily to RT-PCR for diag-
nosing COVID-19. The aim of this study was to compare 
primary and secondary care diagnosis of COVID-19 by 
a clinician using the recommended ICD codes with RT-
PCR in an adult-representative population. Further-
more, in comparing the two diagnostic approaches, we 
evaluated whether accuracy of diagnosis differed by age, 

gender, BMI, and pre-COVID-19 obstructive airway dis-
eases and comorbidities.

Methods
This analysis was based on the ongoing West Sweden 
Asthma Study (WSAS), which is a large population-
representative longitudinal cohort study of adults (16–
75  years at enrolment) randomly recruited from Västra 
Götaland county in western Sweden. WSAS consti-
tutes of 42,621 subjects, of which 18,087 were recruited 
in 2008, while 24,534 were recruited in 2016. A flow-
chart of the study cohort is shown in Fig. 1. All partici-
pants had pre-COVID questionnaire data collected in 
2008 and/or 2016, covering various demographic, envi-
ronmental, and socio-demographic data, as well as the 
presence of obstructive airway diseases/symptoms and 
comorbidities.

Using the unique personal identification number given 
to all residents in Sweden, we collected information on 
COVID-19 diagnosis for all participants in WSAS, both 
from the register hosting clinician diagnosis in Västra 
Götaland region (VEGA) and that hosting RT-PCR 
diagnosis (SmiNet). While VEGA is a regional database 
system by Region Västra Götaland that collects informa-
tion on primary and secondary care contacts for west-
ern Sweden, SmiNet is a national database for reporting 
RT-PCR COVID-19 diagnosis run by the Swedish Public 
Health Agency. From both registers, we collected data 
on COVID-19 diagnosis up until 30th September 2021. 
In VEGA, COVID-19 cases were identified based on the 
recommended ICD-10 codes, including U07.1, U07.2, 
U08.9, U09.9, and U10.9. Estimates of the accuracy of 
clinician diagnosis were determined and compared 
against RT-PCR as the reference standard. The study was 
approved by the regional ethics board at the University of 
Gothenburg as well as the national ethics board.

Statistical analysis
All statistical analyses were carried out using Stata/SE 
version 17.0 (StataCorp, College Station, Texas, USA). 
The distribution of pre-COVID-19 demographics by 
COVID-19 diagnosis and by patterns of COVID-19 
diagnosis using clinician assessment and RT-PCR were 
compared using the Pearson Chi-square test. To assess 
the performance of clinician diagnosis of COVID-19 
against RT-PCR, we calculated sensitivity, specificity, 
negative predictive value (NPV), and positive predic-
tive value (PPV), each with its respective 95% confidence 
interval (95% CI) using Wilson’s method without conti-
nuity correction [14]. Youden’s index (sensitivity + speci-
ficity − 1) with 95% CI was obtained using the method 
based on the empirical proportion estimate proposed by 
Shan [15]. The Youden’s index as a measure of diagnostic 
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accuracy measures the ability of a diagnostic test to bal-
ance between the sensitivity and specificity of the diag-
nostic test. Usually, a value of 50% is used as a cut-off 
for having an acceptable test result that meet empirical 
benchmark for diagnostic test to be administered for 
diagnostic purposes. Accuracy estimates were calculated 
for the entire study population as well as by age, gender, 
BMI, and pre-COVID-19 obstructive airway diseases and 
comorbidities. A significance level of 0.05 was used.

Results
Cohort characteristics
From the total of 42,621 subjects who participated in 
WSAS pre-COVID-19 questionnaires, 6560 COVID-
19 cases were identified. Of these, 3936 were diagnosed 
with RT-PCR, 5705 were diagnosed by a clinician, and 
3081 had a COVID-19 infection diagnosed using both 
methods (Fig. 1). A comparison of pre-COVID-19 demo-
graphic factors between COVID-19 cases and non-cases 
is presented in Table  1. COVID-19 cases were younger 
than non-cases, but they were comparable regarding 
gender, smoking habits, BMI, growing up on a farm, and 
rural residence during childhood. Although COVID-19 

cases were slightly more educated than non-cases, the 
two groups did not differ regarding social class classifi-
cation. Regarding pre-COVID presence of respiratory 
diseases, COVID-19 cases and non-cases did not dif-
fer in reported clinician-diagnosed chronic obstructive 
pulmonary disease (COPD), but COVID-19 cases were 
slightly more likely to report clinician-diagnosed asthma, 
particularly allergic asthma, than non-cases. COVID-19 
cases were also slightly more likely to report any respira-
tory symptom in the last year than non-cases. Regarding 
the presence and number of comorbidities, there were 
no differences between COVID-19 cases and non-cases 
(Table 1).

Relation of pre‑COVID demographic factors to patterns 
of COVID‑19 diagnosis
Table  2 presents the number of COVID-19 cases diag-
nosed by a clinician, RT-PCR, and different combinations 
of the two approaches by pre-COVID-19 demographic 
factors. Being diagnosed by a clinician, regardless 
of RT-PCR diagnosis, increased with increasing age 
and increasing number of comorbidities. It was also 
more common among those with less than high school 

Fig. 1 Flowchart of study cohort. A Map of Sweden. Marked in green is Västra Götaland county, from which the participants of this cohort (West 
Sweden Asthma Study [WSAS]) were recruited. B Fflowchart of the recruitment process to WSAS I and II, respectively, and the subsets of the final 
cohort (marked in green) that got COVID-19 diagnosed either through real-time reverse transcriptase-polymerase chain reaction (RT-PCR; marked 
in red), by a clinician (marked in blue), or both/either (marked in purple). SmiNet: national monitoring system with a register of RT-PCR-diagnosed 
COVID-19 cases. VEGA: regional (Västra Götaland) database with primary and secondary care data
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Table 1 Distribution of pre-COVID demographics by COVID-19 infection

All COVID‑19 cases Non‑cases P‑value

N = 42,621 N = 6,560 N = 36,061

n (%) n (%) n (%)

Age, years

 ≤ 30 2,760 (6.48) 589 (8.98) 2,171 (6.02)  < 0.001

31–44 8,855 (20.78) 1,795 (27.36) 7,060 (19.58)

45–60 12,167 (28.55) 2,491 (37.97) 9,676 (26.83)

 > 60 18,839 (44.20) 1,685 (25.69) 17,154 (47.57)

Gender

Female 23,227 (54.50) 3,735 (56.94) 19,492 (54.05)  < 0.001

Male 19,394 (45.50) 2,825 (43.06) 16,569 (45.95)

Smoking

Non-smoker 26,131 (61.31) 4,268 (65.06) 21,863 (60.63)  < 0.001

Ex-smoker 10,171 (23.86) 1,425 (21.72) 8,746 (24.25)

Smoker (or stopped < 1year ago) 6,319 (14.83) 867 (13.22) 5,452 (15.12)

Body mass index (BMI), kg/m2

 < 25 21,099 (49.50) 3,219 (49.07) 17,880 (49.58) 0.734

25–29.99… 15,682 (36.79) 2,430 (37.04) 13,252 (36.75)

 ≥ 30 5,840 (13.70) 911 (13.89) 4,929 (13.67)

Raised on a farm

No 37,976 (89.10) 5,932 (90.43) 32,044 (88.86)  < 0.001

Yes 4,645 (10.90) 628 (9.57) 4,017 (11.14)

Rural residence during childhood

No 29,808 (69.94) 4,711 (71.81) 25,097 (69.6)  < 0.001

Yes 12,813 (30.06) 1,849 (28.19) 10,964 (30.4)

Highest education attained

Less than high school 6,824 (16.01) 730 (11.13) 6,094 (16.9)  < 0.001

High school 19,355 (45.41) 3,144 (47.93) 16,211 (44.95)

Tertiary education 16,442 (38.58) 2,686 (40.95) 13,756 (38.15)

Social class classification†

1 (managers) 2,276 (5.34) 368 (5.61) 1,908 (5.29)  < 0.001

2 (professionals) 8,011 (18.80) 1,354 (20.64) 6,657 (18.46)

3 (technicians and associate professionals) 5,645 (13.24) 906 (13.81) 4,739 (13.14)

4 (office support workers) 3,440 (8.07) 478 (7.29) 3,012 (8.35)

5 (service and sale workers) 9,508 (22.31) 1,557 (23.73) 7,875 (21.84)

6 (skilled agriculture/forestry/fishery workers) 1,440 (3.38) 211 (3.22) 1,255 (3.48)

7 (craft and related trade workers) 2,540 (5.96) 366 (5.58) 2,174 (6.03)

8 (plant and machine operators/assemblers) 1,907 (4.47) 277 (4.22) 1,630 (4.52)

9 (elementary occupations) 7,854 (18.43) 1,043 (15.9) 6,811 (18.89)

0 (military personnel) 0 yy 0 (0) 0 (0)

Clinician-diagnosed COPD

No 41,374 (97.07) 6,401 (97.58) 34,973 (96.98) 0.009

Yes 1,247 (2.93) 159 (2.42) 1,088 (3.02)

Clinician-diagnosed asthma

No 38,965 (91.42) 5,884 (89.7) 33,081 (91.74)  < 0.001

Yes 3,656 (8.58) 676 (10.3) 2,980 (8.26)

Allergic asthma (asthma + rhinitis)

No 39,489 (92.65) 5,941 (90.56) 33,548 (93.03)  < 0.001

Yes 3,132 (7.35) 619 (9.44) 2,513 (6.97)

Any respiratory symptom‡
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education than those with higher educational levels, and 
slightly more common among overweight or obese sub-
jects than those with BMI < 25 kg/m2. However, the pro-
portion of clinician diagnosed COVID-19 was similar 
between males and females, between smokers and non-
smokers, and by social class classification levels (Table 2).

Being diagnosed by RT-PCR, regardless of clinician 
diagnosis, was more common among females than males 
and among non-smokers than current or past smokers. 
On the other hand, RT-PCR diagnosis was less common 
among those who grew up on a farm than those who did 
not, among those who had less than high school educa-
tion than those with higher education levels, among 
those with two or more comorbidities than those with 
one or none, among those aged over 60  years than 
younger subjects, and among those with COPD, asthma, 
or any respiratory symptom in the last year than those 
without these respiratory disorders. There was no signifi-
cant difference in being diagnosed by RT-PCR by BMI, 
rural residence during childhood, or social class classifi-
cation (Table 2).

Being diagnosed by both a clinician and by RT-PCR 
was more common in those aged 45–60 years than other 
age groups, among overweight subjects than those with 
BMI ≥ 30  kg/m2 or BMI < 25  kg/m2, and among females 
compared to males. Subjects with COPD, asthma, and 
those with any respiratory symptom in the last year were 
less likely to be diagnosed using this approach than those 
without these respiratory disorders. Similarly, fewer 
were diagnosed by both a clinician and by RT-PCR with 
increasing number of comorbidities, as well as among 
current smokers compared to non-smokers and past 
smokers. However, it did not differ by level of education, 
being raised on a farm, or rural residence during child-
hood (Table 2).

Being diagnosed by a clinician but not confirmed by 
RT-PCR was more common among those aged 60 years 
and above compared to the younger age groups. This 
was also more common in males than females, in cur-
rent smokers than past smokers or non-smokers, in those 
who grew up on a farm than those who did not, in those 
who had less than high school education than those with 

†  Following the classification of Standard för svensk yrkesklassificering (SSYK), based on International Standard Classification of Occupation 2008 (ISCO-08)
‡  Within the last year, any of the following: (a) attack of shortness of breath, or waking up with chest tightness, or any wheeze, longstanding cough; (b) dyspnea 
walking on level ground at normal pace, or recurrent wheezing; or (c) productive cough for periods of ≥ 3 months
§  Asthma, COPD, diabetes, eczema, hypertension, rhinitis, sleep disorder

COPD: chronic obstructive pulmonary disease

Table 1 (continued)

All COVID‑19 cases Non‑cases P‑value

N = 42,621 N = 6,560 N = 36,061

n (%) n (%) n (%)

No 30,357 (71.23) 4,520 (68.9) 25,837 (71.65)  < 0.001

Yes 12,264 (28.77) 2,040 (31.1) 10,224 (28.35)

Number of comorbidities§

0 16,952 (39.77) 2,602 (39.66) 14,350 (39.79) 0.911

1 12,433 (29.17) 1,906 (29.05) 10,527 (29.19)

 ≥ 2 13,236 (31.06) 2,052 (31.28) 11,184 (31.01)

Number of "severe" comorbidities (COPD, diabetes)

0

1 39,262 (92.12) 6,121 (93.31) 33,141 (91.9) 0.001

2 3,164 (7.42) 413 (6.3) 2,751 (7.63)

195 (0.46) 26 (0.4) 169 (0.47)

Number of "moderately severe" comorbidities (asthma, hypertension)

0

1 31,093 (72.95) 4,997 (76.17) 26,096 (72.37)  < 0.001

2 10,450 (24.52) 1,426 (21.74) 9,024 (25.02)

1,078 (2.53) 137 (2.09) 941 (2.61)

Number of "mild" comorbidities (eczema, rhinitis, sleep disorder)

0

1 21,790 (51.13) 3,161 (48.19) 18,629 (51.66)  < 0.001

 ≥ 2 13,818 (32.42) 2,166 (33.02) 11,652 (32.31)

7,013 (16.45) 1,233 (18.80) 5,780 (16.03)
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higher education levels, and in those with COPD, asthma, 
or any respiratory symptom in the last year than those 
without these respiratory disorders. Additionally, being 
diagnosed by a clinician without RT-PCR confirma-
tion increased with increasing number of comorbidities 
(Table 2). On the other hand, the proportion of subjects 
diagnosed by RT-PCR but not by a clinician decreased 
with increasing age. It was lower among those with 
COPD than those without, among those who grew up 
on a farm than those who did not, and it decreased with 
increasing number of comorbidities. In contrast, diagno-
sis by only RT-PCR was more common among those with 
higher than lower school education, and among those 
with BMI < 25 kg/m2 compared to overweight and obese 
subjects. For gender, asthma, and report of any respira-
tory symptom in the last year, there was no significant 
differences in being diagnosed by only RT-PCR (Table 2).

Comparison of clinician diagnosis and RT‑PCR diagnosis 
of COVID‑19
In all subjects, of those diagnosed using RT-PCR, clini-
cian diagnosis correctly identified 78% as positive, and 
of those ruled out as negative by RT-PCR, clinician diag-
nosis correctly ruled out 93%. The validation estimates 
are given as follows: sensitivity 0.78 (95% CI 0.77–0.80), 
specificity 0.93 (95% CI 0.93–93), PPV 0.54 (95% CI 
0.53–0.55), NPV 0.98 (95% CI 0.98–0.98), and Youden’s 
index 0.71 (95% CI 0.70–0.72). These estimates did not 
differ between males and females, but the sensitivity 
increased with increasing age, ranging from 0.69 (95% 
CI 0.64–0.70) for those aged ≤ 30  years to 0.85 (95% CI 
0.82–0.87) for those aged > 60 years (Table 3).

Stratifying the results by BMI, sensitivity was lowest 
among those with BMI < 25  kg/m2 compared to those 
with higher BMI, but the specificity, PPV, and NPV were 
similar for all BMI groups (Table 4). While the sensitiv-
ity and PPV were higher among those without asthma, 
the specificity and NPV were similar between those with 
and without asthma. The specificity and NPV were also 
similar between those with and without COPD, but the 
sensitivity was higher among those with than those with-
out COPD, in contrast to the case with asthma, while 
the PPV was higher among those without than among 
those with COPD (Table 4). Stratifying the results by the 
number of comorbidities, the specificity and NPV were 
similar across groups, but the sensitivity increased while 
the PPV decreased with increasing number of comor-
bidities (Table  4). With further division of comorbidi-
ties into “severe” (COPD, diabetes), “moderately severe” 
(asthma, hypertension), and “mild” conditions (eczema, 
rhinitis, and sleep disorders), different patterns of results 
were observed (Table 5). While the specificity was similar 
across groups, the sensitivity was highest and lowest in 

those with one and two “severe” comorbidities, respec-
tively. For those with “moderately severe” comorbidities, 
sensitivity increased with increasing number of comor-
bidities, but the specificity remained similar across 
groups. For those with “mild” comorbidities, both the 
sensitivity and specificity were similar across groups 
(Table 5).

When we excluded patients who got clinician diagnosis 
prior to when RT-PCR diagnosis became commonly used 
in Sweden (28th October 2020), the above results, were 
overall comparable (Additional file 1: Tables S1–S3).

Discussion
Summary of key findings
By comparing clinician diagnosis of COVID-19 based 
on the use of recommended ICD-10 codes with RT-
PCR diagnosis, the results from the current study indi-
cate that clinicians were able to correctly classify 78% 
of true COVID-19 cases (identified by RT-PCR), while 
93% of those ruled out by RT-PCR were correctly clas-
sified as negative by clinicians. Furthermore, while com-
parison of clinician diagnosis with RT-PCR did not differ 
between males and females, there were differences by 
age, and pre-COVID BMI, COPD, asthma, and presence 
of comorbidities.

Strengths and limitations of the study
The present study has several strengths. The sample size 
was relatively large and representative of the general 
adult population of western Sweden. RT-PCR and clini-
cian diagnosis data were gathered from databases with 
comprehensive coverage. Furthermore, we included sev-
eral important background factors that have previously 
been suggested [1–3] to affect the risk of contracting 
COVID-19. However, some limitations should be con-
sidered. The pre-COVID-19 data were collected at least 
4  years prior to COVID-19 infection. It is possible that 
comorbidity, weight, and smoking status have changed 
during this period. Furthermore, data on weight, height, 
and comorbidities were assessed using a self-adminis-
tered questionnaire, a data source which can be prone 
to misinterpretation [4] and inaccurate assessments by 
respondents. Several potentially important background 
factors, such as vaccination status, were unavailable and 
thus not included in the current analyses. The COVID-19 
diagnosis data for this study covered the time up until the 
end of September 2021. Later data, especially for the large 
but less clinically severe omicron waves in 2022, could 
have potentially added valuable data to assess how clini-
cian diagnosis has changed as the disease has changed. 
On the other hand, full coverage testing for COVID-19 
in Sweden during the omicron outbreak has diminished. 
Finally, it is unclear to what extent clinician diagnosis was 
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influenced by the physician knowing the result of the RT-
PCR test prior to the clinical diagnosis. We assume that 
in many cases, the positive RT-PCR result was available 
to the physician (and especially if specifically ordered by 
the doctor), but  there may be situations where clinical 
diagnosis was set first and RT-PCR result was obtained 
only later. In addition, some patients, generally with mild 
symptoms, might have not had appointment when hav-
ing positive RT-PCR result. These may be considered as 
potential biases to our study. In Sweden, RT-PCR test is 
the most common test offered, but there are also antigen 
tests in a small scale, much of these being self-tests. It is 
unclear as to what extent the antigen test results were 
available to the physician.

Comparison of findings with previous studies
The use of RT-PCR and a nasopharyngeal swab is the 
gold standard for detecting SARS-COV-2 infection, but 
there have been few studies investigating the accuracy of 
COVID-19 diagnosis, the majority of which compared 
the accuracy of computed topography (CT) with RT-PCR 
[16–18].

In the United States, Blatz et al. [19], conducted a vali-
dation study among paediatric inpatients and revealed 
that clinician diagnosis through the ICD code of U07.1 
had an 89.7% sensitivity for identifying those with RT-
PCR confirmed COVID-19 infection, as well as speci-
ficity of 99.9%, PPV of 95.5%, and NPV of 99.7% [19]. 
The sensitivity of 78% obtained in our study in Swe-
den is lower than the value obtained by Blatz et al. [19], 
whereas specificity of clinician diagnosis was similarly 
high in both countries. The difference in sensitivity values 
found in our study and the study conducted in the United 
States could potentially be attributed to differences in the 
study population. While our findings were based on a 

population-based sample of randomly selected adults and 
clinician diagnosis of COVID-19 from both primary and 
secondary care, the study by Blatz et al. [19] on the other 
hand was a single-centre study of children recruited from 
inpatient department, thus was not population focused. 
Moreover, why Blatz and colleagues used only one of 
the recommended ICD codes (U07.1) to defined clini-
cian diagnosis of COVID-19, the ICD codes used in our 
study were more comprehensive, including U07.1, U07.2, 
U08.9, U09.9, and U10.9.

With our data, the PPV of clinician diagnosis of 
COVID-19 was estimated at 54% (95% CI 53–55). This 
estimate was substantially lower than that of the study 
by Bodilsen et  al. [20] in which medical records of 710 
patients (median age of 61  years) admitted to depart-
ments of infectious diseases in Danish hospital from 
27 February to 4 May 2020 with an ICD-10 diagnosis 
code of COVID-19 were reviewed. They found an over-
all PPV of 99% (95% CI 99–100) for clinician diagnosis. 
This remained consistently high across all subgroups, 
including gender, age groups, calendar period, and when 
stratified by diagnosis code and department [20]. Since 
the predictive values of a test or diagnostic tool are sub-
ject to variation in the prevalence of the disease in the 
population, this could explain the differences in the PPV 
found in the Danish study and that found in our study. 
The Danish study was conducted among mainly older 
adults (mean age of 61 years) at a time when the COVID-
19 pandemic was at its peak in Denmark. The popula-
tion of WSAS was more encompassing, including adults 
from at least 20 years and upward, most subjects within 
30–60  years of age. According to some studies, older 
adults suffer disproportionately from the most severe 
outcomes of COVID-19 [21]. With age comes addi-
tional pre-existing conditions, making older adults more 

Table 3 Estimates and 95% confidence interval (95% CI) of sensitivity, specificity, positive predictive value, negative predictive value, 
and Youden’s index for COVID-19 clinical diagnosis against real-time reverse transcriptase-polymerase chain reaction (RT-PCR) in all 
COVID-19 cases, and by gender and age

NPV: negative predictive value. PPV: positive predictive value
1  Sensitivity + specificity—1

All COVID‑19 
cases 
N = 6,560
Estimate (95% 
CI)

Gender Age groups

Males 
n = 19,394
Estimate (95% 
CI)

Females 
n = 23,227
Estimate (95% 
CI)

 ≤ 30 years 
n = 2,760
Estimate (95% 
CI)

31–44 years 
n = 8,855
Estimate (95% 
CI)

45–60 years 
n = 12,167
Estimate (95% 
CI)

 > 60 years 
n = 18,839
Estimate (95% 
CI)

Sensitivity 0.78 (0.77–0.80) 0.79 (0.77–0.81) 0.78 (0.76–0.79) 0.69 (0.64–0.74) 0.73 (0.70–0.75) 0.80 (0.78–0.82) 0.85 (0.82–0.87)

Specificity 0.93 (0.93–0.93) 0.94 (0.94–0.94) 0.92 (0.92–0.93) 0.91 (0.89–0.92) 0.91 (0.91–0.92) 0.91 (0.91–0.92) 0.96 (0.95–0.96)

PPV 0.54 (0.53–0.55) 0.57 (0.56–0.59) 0.51 (0.50–0.53) 0.53 (0.48–0.57) 0.54 (0.52–0.57) 0.57 (0.55–0.59) 0.50 (0.47–0.52)

NPV 0.98 (0.98–0.98) 0.98 (0.98–0.98) 0.98 (0.97–0.98) 0.95 (0.94–0.96) 0.96 (0.95–0.96) 0.97 (0.97–0.97) 0.99 (0.99–0.99)

Youden’s  index1 0.71 (0.70–0.72) 0.73 (0.71–0.75) 0.70 (0.68–0.72) 0.60 (0.55–0.65) 0.64 (0.61–0.67) 0.71 (0.69–0.73) 0.81 (0.79–0.83)
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vulnerable to developing a severe form of COVID-19 
infection and possibly more predisposed to the infection 
among them [21].

Interpretation of findings
Our findings indicate that clinician diagnosis of COVID-
19 in a general adult population is adequate. Given the 
high cost, slow test turn-around, and varying test capac-
ity, diagnosis by a clinician’s assessment can be a useful 
supplement at the population level. While the accuracy 
of clinician diagnosis did not differ between males and 
females, age-related differences were observed, particu-
larly between the youngest and oldest old groups. This 
age difference could be due to older patients having a 
higher probability of presenting to the hospital following 
a COVID-19 infection than young adults. In a system-
atic review by Israfil et al. [22], older COVID-19 patients 
had faster disease progression, higher risk of severe heart 
attack, higher ICU admission rate, and higher mortal-
ity rate than in younger patients; factors that could drive 
more frequent clinical contacts than among younger 
adults. In resource-constrained settings where RT-PCR 
test kits are limited, our findings are reassuring: clini-
cians are able to diagnose older patients over the age of 
60  years to complement for unavailability of RT-PCR 
tests given the high sensitivity in this age group.

Sensitivity and PPV were higher in those without than 
in those with asthma, but the specificity and NPV were 
similar. In contrast, the sensitivity of clinician diagnosis 

was higher in those with COPD than in those with-
out COPD, while the PPV was higher in those without 
COPD than in those with COPD, the specificity and NPV 
being similar. It is unclear the reasons for the contrast-
ing findings between patients with asthma and those with 
COPD, but studies have shown that adults with COPD 
are more affected by COVID-19 than adults with asthma. 
Karlson et al. [23] found that severe COVID-19 and mor-
tality were more common among patients with COPD 
than those with asthma. The larger proportion of adverse 
outcomes in COPD patients than asthma patients was 
attributed to the fact that COPD patients had a higher 
average age than asthma patients. Additionally, COPD 
patients are more prone to respiratory infections due 
to reduced innate and adaptive immune responses than 
asthma patients [24], which would increase the frequency 
of clinical contacts among COPD patients compared to 
asthma patients.

While the specificity remained similar, the sensitiv-
ity of clinician diagnosis of COVID-19 increased with 
increasing number of “severe” comorbidities, but not 
“moderately severe” or “mild” comorbidities. This is not 
surprising given that underlying health conditions or 
comorbidities, like hypertension or diabetes mellitus, 
have been identified as risk factors for COVID-19 and 
can facilitate a severe course and rapid progression of the 
disease [25]. This could explain why clinicians are more 
likely to diagnose COVID-19 in patients with increased 
number of comorbidities, particularly those with severe 

Table 5 Estimates and 95% confidence interval (95% CI) of sensitivity, specificity, positive predictive value, negative predictive value, 
and Youden’s index by groups of comorbidity for clinician-diagnosed COVID-19 against real-time reverse transcriptase-polymerase 
chain reaction (RT-PCR) diagnosis of COVID-19

NPV: negative predictive value. PPV: positive predictive value
1  Chronic obstructive pulmonary disease (COPD) or diabetes
2  Asthma or hypertension
3  Eczema, rhinitis, or sleep disorder
4  Sensitivity + specificity – 1

“Severe”  comorbidities1 “Moderately severe”  comorbidities2 “Mild”  comorbidities3

0 
n = 39,262 
Estimate
(95% CI)

1 
n = 3164 
Estimate
(95% CI)

2 
n = 195 
Estimate
(95% CI)

0 
n = 31,093 
Estimate
(95% CI)

1 
n = 10,450 
Estimate
(95% CI)

2 
n = 1078 
Estimate
(95% CI)

0 
n = 21,790 
Estimate
(95% CI)

1 
n = 13,818 
Estimate
(95% CI)

 ≥ 2 
n = 7013 
Estimate
(95% CI)

Sensitivity 0.78 
(0.77–0.79)

0.83 
(0.78–0.88)

0.69 
(0.44–0.86)

0.78 
(0.76–0.79)

0.80 
(0.77–0.83)

0.84 
(0.73–0.91)

0.78 
(0.76–0.80)

0.79 
(0.77–0.81)

0.78 
(0.75–0.81)

Specificity 0.93 
(0.93–0.93)

0.93 
(0.92–0.94)

0.94 
(0.90–0.97)

0.93 
(0.93–0.93)

0.93 
(0.93–0.94)

0.93 
(0.91–0.94)

0.94 
(0.94–0.94)

0.93 
(0.93–0.94)

0.91 
(0.91–0.92)

PPV 0.54 
(0.53–0.56)

0.47 
(0.42–0.52)

0.52 
(0.32–0.72)

0.55 
(0.54–0.57)

0.50 
(0.48–0.53)

0.41 
(0.33–0.50)

0.56 
(0.54–0.57)

0.54 
(0.52–0.57)

0.49 
(0.46–0.52)

NPV 0.98 
(0.97–0.98)

0.99 
(0.98–0.99)

0.97 
(0.93–0.99)

0.97 
(0.97–0.98)

0.98 
(0.98–0.99)

0.99 
(0.98–0.99)

0.98 
(0.98–0.98)

0.98 
(0.97–0.98)

0.97 
(0.97–0.98)

Youden’s 
 index4

0.71 
(0.70–0.72)

0.76 
(0.70–0.81)

0.63 
(0.39–0.81)

0.71 
(0.69–0.72)

0.73 
(0.70–0.76)

0.77 
(0.66–0.84)

0.72 
(0.70–0.74)

0.72 
(0.70–0.74)

0.69 
(0.66–0.72)
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comorbidities. These results indicate that clinician diag-
nosis of COVID-19 is adequate in patients with underly-
ing health conditions or comorbidities, and thus can be 
used for screening purposes to supplement RT-PCR in 
this group of patients.

Clinical implications of findings
The findings of this study indicate that in the general 
population, clinician diagnosis is adequate and valid for 
identifying adults with COVID-19, particularly in aged 
patients and those with underlying health conditions or 
comorbidities. These results are important and assur-
ing, particularly in areas where RT-PCR for COVID-19 
testing is costly or access is insufficient, such as in low-
resource settings. There have been reports of a lack of 
large-scale COVID-19 testing in many Sub-Saharan 
African countries, as well as long wait times for RT-PCR 
tests and long turnaround times due to the high volume 
of requests, frequent stockouts of reagent and sam-
ple collection kits, and power outages [26, 27]. In such 
cases, clinician diagnosis of COVID-19 can supplement 
RT-PCR for COVID-19 diagnosis, allowing for timely 
provision of appropriate treatment as well as advice on 
prevention and isolation strategies to inform disease con-
trol response. However, this should be used with caution 
and should not entirely replace RT-PCR for COVID-19 
diagnosis seeing as some of the symptoms of COVID-19 
overlap with those of common infections, such malaria, 
common cold, dengue, and pneumonia, making diagno-
sis difficult without an appropriate diagnostic test [26]. 
Furthermore, given that our produced accuracy esti-
mates are based on population-level data, caution should 
be taken in interpreting the data in the clinical setting, 
for which clinical studies are imperative. Overall, the 
estimates of the Youden’s index in the total population 
and by the examined subgroups were generally above 
70%, well above the benchmark of 50% for an accept-
able diagnostic test. This means that clinician diagnosis 
of COVID-19 using the recommended ICD codes has an 
acceptable balance between specificity and sensitivity.

Conclusion
The accuracy of clinician’s diagnosis for COVID-19 is 
adequate at the population level for adults, regardless 
of gender, pre-COVID-19 BMI, and obstructive air-
way diseases, thus can be used for screening purposes 
to supplement RT-PCR, particularly among aged adults 
and those with increased number of comorbidities. Pre-
COVID-19 factors may influence COVID-19 diagnosis 
based on diagnostic method. Such information can be 
useful for planning future research and screening efforts 
for COVID or other similar outbreaks.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12931- 023- 02315-7.

Additional file 1. Results from sensitivity analyses.

Acknowledgements
We thank the participants for their involvement in the study. We also thank 
Helén Törnqvist, Helen Friberg, Lina Rönnebjerg, Louise Olausson, and Mary-
anne Raneklint at Krefting Research Centre for data collection.

Author contributions
Conceived the study (GW, MR, JL, HK, BIN). Data collection (DL, FN, LE, MR, 
HK, BIN). Data analysis for current paper (EQ, CJ, DL, BIN). Supervised current 
paper (HK, BIN). Drafted the initial manuscript (EQ, CJ, DL, BIN). All authors 
interpreted the results and critically revised the manuscript. All authors read 
and approved the final manuscript.

Funding
Open access funding provided by University of Gothenburg. The study was 
supported by funding from the VBG Group Herman Krefting Foundation 
on Asthma and Allergy. Additional funding was received from the Swedish 
Research Council, the Swedish Heart–Lung Foundation, the Swedish Asthma 
and Allergy Foundation, and ALF agreement (Västra Götaland) (Grants from 
the Swedish state under the agreement between the Swedish Government 
and the county councils). BIN acknowledges the support of the Knut and Alice 
Wallenberg Foundation, and the Wallenberg Centre for Molecular and Transla-
tional Medicine, University of Gothenburg, Sweden. The funders had no role in 
study design, data collection and analysis, decision to publish, or preparation 
of the manuscript.

Availability of data and materials
The datasets generated and/or analysed during the current study are not pub-
licly available due participants consent not allowing public availability of the 
data, but are available from the corresponding author on reasonable request.

Declarations

Ethics and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no relevant conflicts of interest related to 
this work.

Author details
1 Krefting Research Centre, Institute of Medicine, University of Gothenburg, 
Gothenburg, Sweden. 2 Department of Paediatrics, Sahlgrenska Academy 
at University of Gothenburg, Gothenburg, Sweden. 3 School of Public Health 
and Community Medicine, Institute of Medicine, University of Gothenburg, 
Gothenburg, Sweden. 4 Faculty of Medicine and Health Technology, Tampere 
University, Tampere, Finland. 5 Department of Respiratory Medicine, Seinä-
joki Central Hospital, Tampere, Finland. 6 Wallenberg Centre for Molecular 
and Translational Medicine, University of Gothenburg, Gothenburg, Sweden. 

Received: 10 September 2022   Accepted: 4 January 2023

References
 1. Zhao Y, Cui C, Zhang K, Liu J, Xu J, Nisenbaum E, et al. COVID19: a 

systematic approach to early identification and healthcare worker 
protection. Front Public Health. 2020;8:1–8.

https://doi.org/10.1186/s12931-023-02315-7
https://doi.org/10.1186/s12931-023-02315-7


Page 14 of 14Quraishi et al. Respiratory Research           (2023) 24:10 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 2. Guthrie JL, Chen AJ, Budhram DR, Cronin K, Peci A, Nelson P, et al. Charac-
teristics of SARS-CoV-2 testing for rapid diagnosis of COVID-19 during the 
initial stages of a global pandemic. PLoS ONE. 2021;16(7):1–16.

 3. Peck KR. Early diagnosis and rapid isolation: response to COVID-19 out-
break in Korea. Clin Microbiol Infect. 2020;26(7):805–7.

 4. Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al. Clinical Characteristics of 
Coronavirus Disease 2019 in China. N Engl J Med. 2020;382(18):1708–20.

 5. Carter LJ, Garner LV, Smoot JW, Li Y, Zhou Q, Saveson CJ, et al. Assay 
techniques and test development for COVID-19 diagnosis. ACS Cent Sci. 
2020;6(5):591–605.

 6. Vashist SK, et al. In vitro diagnostic assays for COVID-19: recent advances 
and emerging trends. Diagnostics. 2020;10:202.

 7. Cheng MP, Papenburg J, Desjardins M, Kanjilal S, Quach C, Libman M, 
et al. Diagnostic testing for severe acute respiratory syndrome–related 
coronavirus 2: A narrative review. Ann Intern Med. 2020;172(11):726–34.

 8. Arun Krishnan R, Elizabeth Thomas R, Sukumaran A, Paul JK, Vasudevan 
DM. COVID-19: current trends in invitro diagnostics. Indian J Clin Bio-
chem. 2020;35(3):285–9.

 9. Tombuloglu H, Sabit H, Al-Khallaf H, Kabanja JH, Alsaeed M, Al-Saleh N, 
et al. Multiplex real-time RT-PCR method for the diagnosis of SARS-CoV-2 
by targeting viral N, RdRP and human RP genes. Sci Rep. 2022;12(1):1–10.

 10. Premraj A, Aleyas AG, Nautiyal B, Rasool TJ. Nucleic acid and immunologi-
cal diagnostics for SARS-CoV-2: Processes, platforms and pitfalls. Diagnos-
tics. 2020;10:8.

 11. La Marca A, Capuzzo M, Paglia T, Roli L, Trenti T, Nelson SM. Testing 
for SARS-CoV-2 (COVID-19): a systematic review and clinical guide to 
molecular and serological in-vitro diagnostic assays. Reprod Biomed. 
2020;41(3):483–99.

 12. Munne K, Bhanothu V, Bhor V, Patel V, Mahale SD, Pande S. Detection of 
SARS-CoV-2 infection by RT-PCR test: factors influencing interpretation of 
results. VirusDisease. 2021;32(2):187–9.

 13. Afzal A. Molecular diagnostic technologies for COVID-19: Limitations and 
challenges. J Adv Res. 2020;26:149–59.

 14. Newcombe RG. Two-sided confidence intervals for the single propor-
tion: comparison of seven methods - Newcombe - 1998 - Statistics in 
Medicine - Wiley Online Library. Stat Med. 1998;17(8):857–72.

 15. Shan G. Improved confidence intervals for the Youden Index. PLoS ONE. 
2015;10(7):1–19.

 16. Long C, Xu H, Shen Q, Zhang X, Fan B, Wang C, et al. Diagnosis of the 
Coronavirus disease (COVID-19): rRT-PCR or CT? Eur J Radiol. 2020;126: 
108961.

 17. He JL, Luo L, Luo ZD, Lyu JX, Ng MY, Shen XP, et al. Diagnostic perfor-
mance between CT and initial real-time RT-PCR for clinically suspected 
2019 coronavirus disease (COVID-19) patients outside Wuhan, China. 
Respir Med. 2020;168: 105980.

 18. Experience CPD, Schalekamp S, Chantal P, Korteweg C, Vellinga TFDVR. 
Chest CT in the Emergency Department for Diagnosis of

 19. Blatz AM, David MZ, Otto WR, Luan X, Gerber JS. Validation of Inter-
national Classification of Disease-10 Code for Identifying Children 
Hospitalized With Coronavirus Disease-2019. J Pediatr Infect Dis Soc. 
2021;15(4):547–8.

 20. Bodilsen J, Leth S, Nielsen S, Holler J, Benfield T, Omland L. Positive 
Predictive Value of ICD-10 Diagnosis Codes for COVID-19. Clin Epidemiol. 
2021;13:367–72.

 21. Nanda A, Venkata N, Krishna R, Stefan V. COVID - 19 in older adults. Aging 
Clin Exp Res. 2020;32(7):1199–202.

 22. Israfil SMH, Sarker MMR, Rashid PT, Talukder AA, Kawsar KA, Khan F, et al. 
Clinical characteristics and diagnostic challenges of COVID−19: an 
update from the global perspective. Front Public Health. 2021;8:1–17.

 23. Sundbaum JK, Vanfleteren LEGW, Konradsen JR, Nyberg F, Ekberg-Jansson 
A, Stridsman C. Severe COVID-19 among patients with asthma and COPD: 
a report from the Swedish National Airway Register. Ther Adv Respir Dis. 
2021;15(6):259–61.

 24. Bhat TA, Panzica L, Kalathil SG, Thanavala Y. Immune dysfunction in 
patients with chronic obstructive pulmonary disease. Ann Am Thorac 
Soc. 2015;12:S169–75.

 25. Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P. Comor-
bidity and its Impact on Patients with COVID-19. Patients. 2020;10:69–76.

 26. Walley J, Otu A, Effa E, French L. Clinical Diagnosis and Reporting of 
COVID-19 in the Absence of Effective Access to Laboratory Testing in 
Africa. Clin Test. 2021;9(5):1–3.

 27. Otu A, Ebenso B, Labonte R, Yaya S. Tackling COVID-19: Can the African 
continent play the long game ? J Glob Health. 2020;10(1):1–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Comparison of clinician diagnosis of COVID-19 with real time polymerase chain reaction in an adult-representative population in Sweden
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Statistical analysis

	Results
	Cohort characteristics
	Relation of pre-COVID demographic factors to patterns of COVID-19 diagnosis
	Comparison of clinician diagnosis and RT-PCR diagnosis of COVID-19

	Discussion
	Summary of key findings
	Strengths and limitations of the study
	Comparison of findings with previous studies
	Interpretation of findings
	Clinical implications of findings

	Conclusion
	Acknowledgements
	References


