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Abstract

Introduction: In this study, it is planned to compare the real-time reverse
transcription-polymerase chain reaction (RT-PCR) test, which is the gold standard
in the diagnosis of COVID-19, with thorax computed tomography (CT) and rapid
antibody test results.

Methods: Patients who were admitted to the emergency service of izmir Cigli
Training and Research Hospital between 01.04.2020 and 31.05.2020 and who were
suspected of having COVID-19 infection were included in the study. The medical
records of the patients were retrospectively analysed through the hospital data pro-
cessing database. Age, gender, hospitalisation, status of home quarantine, real-time
RT-PCR, thorax CT and rapid antibody test results of the patients were examined.
The relationship between RT-PCR, thorax CT and rapid antibody test results was
compared statistically.

Results: A total of 181 patients, 115 (63.5%) male and 66 (36.5%) female, with an
average age of 56.4 + 18.06 years were included in the study. The nasopharyngeal
swab PCR result obtained at the first admission of the patients to the emergency
department was positive in 71 (39.2%) patients. Rapid antibody tests performed at
hospital admission were positive in 57 (31.5%) patients. Thorax CT was performed in
173 (95.6%) patients who applied to the emergency department, and 112 (64.7%) of
them had findings that could be compatible with COVID-19. According to the thorax
CT findings in patients, sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for detecting COVID-19 infection were, respectively,
76.1%,43.1%, 48.2% and 72.1% (k: 0.176, P < .001). According to the rapid antibody
test results, sensitivity, specificity, PPV and NPV for detecting COVID-19 infection
were 57.5%, 85.5%, 71.9% and 75.8%, respectively (k: 0.448, P < .001). In our study,
the mortality rate for COVID-19 was found to be 2.8%.

Conclusion: Rapid antibody test and thorax CT examinations were found to have low
diagnostic value in patients who admitted to the emergency department of our hos-
pital and whose first RT-PCR SARS-CoV-2 test was positive. Studies involving larger
patient groups are needed for their use alone in diagnosis and screening.
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1 | INTRODUCTION

In December 2019, a series of 41 severe viral pneumonia cases
were reported in Wuhan city, Hubei Province, China, whose cause
could not be identified.! Subsequent full genome sequencing and
phylogenic analysis showed that SARS-CoV-2 belongs to the beta-
coronavirus 2b lineage, which belongs to the same group as severe
acute respiratory syndrome coronavirus (SARS CoV), a highly viru-
lent pathogen in humans.?® SARS-CoV-2 infection (COVID-19) was
reported as a global public health emergency by the World Health
Organization (WHO) in January 2020 and was declared a pandemic
on March 11.4°

The disease is transmitted by inhalation or contact with infected
droplets, and the incubation period varies between 2 and 14 days.
Symptoms are usually fever, cough, sore throat and dyspnoea.
Symptoms are mild in most of the asymptomatic cases. However, in
some patients (usually the elderly and those with co-morbidities), it
can progress to pneumonia, acute respiratory distress syndrome and
multiple organ dysfunction. It is estimated that the case mortality
rate varies between 2% and 3%.° However, most people infected
with SARS-CoV-2 do not have symptoms.”® The potential for pa-
tients with no symptoms to spread COVID-19; it confirms the impor-
tance of early diagnosis, monitoring and isolation.

Accurate and rapid diagnosis of COVID-19 infection is very im-
portant to provide appropriate medical support to patients and to
prevent disease spread by quarantine. The current recommendation
for the diagnosis of active infection is to detect viral RNA from respi-
ratory tract samples by real-time reverse transcription-polymerase
chain reaction (RT-PCR).”"*2 RT-PCR test for COVID-19 is thought to
have high specificity, but its sensitivity has been reported to be as
low as 59%-71%.1314

Alternative protocols with similar sensitivity were needed
in SARS-CoV-2 screening due to the increasing rapidity of the
COVID-19 pandemic, the difficulty of detecting asymptomatic
cases, low sensitivity and time-consuming results of the RT-PCR
test and the inability of thorax computed tomography (CT).*>*8
Recently, test methods have been developed for the rapid detec-
tion of combined SARS-CoV-2 IgG and IgM antibodies in human
serum/plasma.’? In our study, we aimed to evaluate the results
of simultaneous thorax CT and ELISA-based I1gM/IgG tests in
COVID-19 patients diagnosed with RT-PCR in our emergency de-
partment and to demonstrate the value of serological tests in the
diagnosis of COVID-19.

2 | MATERIAL AND METHODS

Among the patients aged 18 and over who applied to the emergency
department with suspicion of COVID-19 between 01.04.2020 and
31.05.2020, the patients whose COVID-19 diagnostic code (U07.3)
was entered according to the ICD-10 classification were included in
the study. The medical records of the patients were retrospectively

examined through the hospital data processing database. Patients

What's known
e Accurate and rapid diagnosis of COVID-19 infection is

very important to provide appropriate medical support
to patients and to prevent disease spread by quarantine.

e The current recommendation for the diagnosis of active
infection is to detect viral RNA from respiratory tract
samples by real-time reverse transcription-polymerase
chain reaction (RT-PCR).

e Thorax computed tomography (CT) is important for the
diagnosis of COVID-19 patients as well.

What's new

e The rapid antibody test COVID-19 used for evaluation
gives a qualitative 1gG/IgM result to reveal a current or
past SARS-CoV-2 infection.

e Rapid antibody test is as useful for the diagnosis of
COVID-19 as RT-PCR and thorax CT.

Review criteria

e Among the patients aged 18 and over who applied to
the emergency department with suspicion of COVID-19
between 01.04.2020 and 31.05.2020, the patients
whose COVID-19 diagnostic code (U07.3) was entered
according to the ICD-10 classification were included in
the study.

e The medical records of the patients were retrospec-
tively examined through the hospital data processing

database.

Message for the clinic

e Rapid antibody test can be useful for the diagnosis of
COVID-19 in minutes.

younger than 18 years old, patients for whom the COVID-19 diag-
nosis code was not entered and those whose any of RT-PCR, tho-
rax CT or rapid antibody tests were absent were excluded from the
study.

A verified COVID-19 case was identified based on Coronavirus
Pandemic Outbreak Management Guide published by the Republic
of Turkey Ministry of Health the Science Board National Healthcare
Commission. According to this guideline, the gold standard in the
diagnosis of COVID-19 was considered to be RT-PCR positivity in na-
sopharyngeal swab (NS), sputum or endotracheal aspirates. Disease
onset date, clinical classification, RT-PCR test results during the
hospitalisation period and personal demographic information were
obtained from the clinical records.

This study was reviewed and approved by the Bakircay University
Medical Ethics Committee. Written and verbal consents were ob-

tained from all participants in the study.
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2.1 | RT-PCR

Reverse transcription-polymerase chain reaction analysis was per-
formed on materials obtained by NS from patients admitted to the
emergency department. A one-step real-time RT-PCR test targeting
the nucleocapsid gene and the open reading frame 1 ab gene was
performed with 5 pL of a total nucleic acid according to the manu-
facturer's instructions.

2.2 | Rapid antibody test

The rapid antibody test (Bioeasy COVID-19 Coronavirus IgG/IgM
GICA Rapid Test Kit©) used for evaluation gives a qualitative 1gG/
IgM result to reveal a current or past SARS-CoV-2 infection.?® This
test has been approved by the Ministry of Health for use in detect-
ing antibody formation in risk groups in the community, healthcare
workers and recovered patients. There are rapid antibody tests used
for COVID-19 and produced by different companies. In head-to-head
studies conducted with these tests, Bioeasy kits have been reported
to have 91%-95% sensitivity levels (k: 0.8, P < .001).2° The rapid an-
tibody test gives results in as little as 30 minutes. The serum sample
taken for the test is dropped onto the cassette of the rapid test kit,
and the presence of antibody is qualitatively shown in 15 minutes.

2.3 | Thorax CT protocol

CT imaging was performed in the supine position with raised arms
and at the end of inspiration. Two radiologists experienced in the
field of thorax CT reviewed the thin-section and thick-section CT
images, respectively, and the decision was made. Radiologists have
identified the dominant appearances on CT images: ground glass
density, crazy-paving pattern, consolidation and other findings.

All thorax CT images were classified as normal, non-COVID lung
findings, compatible with low probability COVID-19, intermediate
probability COVID-19 and high probability-definite COVID-19 as
previously defined.*®%!

2.4 | Statistical method

SPSS 26.0 (IBM Corporation, Armonk, New York, USA) program was
used in the analysis of variables. The compliance of non-parametric
variables to normal distribution was evaluated using the Shapiro-
Wilk Francia test. The Mann-Whitney U test was used together with
Monte Carlo simulation results in comparing the two independent
groups according to quantitative data. In the comparison of categori-
cal variables, the Pearson ;{2 test, Fisher exact test and Monte Carlo
simulation technique were tested and column ratios were compared
and expressed according to the Benjamini-Hochberg corrected p-
value results. Odds ratio was used with 95% confidence intervals

to show how many times more risky those with a risk factor were
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compared with those who did not. Sensitivity and specificity ratios
for the relationship between the classification separated by the
cut-off value calculated according to the variables of the groups
and the actual classification were expressed by receiver operating
curve (ROC) analysis. Kappa statistics were used to evaluate the
correlation between PCR and rapid antibody test and CT methods.
Quantitative variables were expressed as mean + standard deviation
and median (minimum/maximum) in the tables, whereas categorical
variables were shown as n (%). Variables were examined at a 95%
confidence level, and a p-value of less than 0.05 was considered

significant.

3 | RESULTS

A total of 181 patients, 115 (63.5%) male and 66 (36.5%) female, with
a mean age of 56.4 + 18.06 years were included in our study, and 71
(39.2%) of the patients were diagnosed with COVID-19 confirmed
by positive PCR. The demographic findings of the patients are sum-
marised in Table 1.

Chest CT was performed in 173 (95.6%) of the patients, and
findings that may be compatible with COVID-19 were found in 112
(64.7%). Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) in the diagnosis of COVID-19 in-
fection based on thorax CT findings were 76.1%, 43.1%, 48.2% and
72.1%, respectively (k coefficient: 0.176, P < .001). In addition, in pa-
tients aged <57, sensitivity, specificity, PPV and NPV values of thorax
CT positivity in detecting PCR positivity were 69.6%, 71.1%, 74.4%
and 65.9%, respectively (k coefficient: 0.403, P < .001) (Table 2).

The rapid antibody test performed during hospital admission was
positive in 57 (31.5%) patients. The COVID-19 PCR positivity status
of the patients was compared with the rapid antibody test findings.
According to the rapid antibody test results, the sensitivity, speci-
ficity, PPV and NPV in detecting COVID-19 infection were 57.5%,
85.5%, 71.9% and 75.8%, respectively (k: 0.448, P < .001) (Table 3).

Whereas the rate of hospitalisation of patients with positive
COVID-19 PCR was higher, the rate of intensive care admission was
lower than other patients. However, four (5.6%) of the patients with
positive PCR were followed up as intubated in the intensive care
unit. In our study, the mortality rate for COVID-19 was found to be
2.8%.

4 | DISCUSSION

Two main conclusions have been reached in our study. The sensitivity
and specificity levels of rapid antibody tests in detecting COVID-19
cases confirmed by RT-PCR in the emergency department are 57.5%
and 85.5%, respectively. In addition, thorax CT sensitivity and speci-
ficity were determined as 76.1% and 43.1%, respectively.
Regardless of whether people with COVID-19 infection are
symptomatic or asymptomatic, early and accurate diagnosis is

important for treating patients and reducing the rate of disease
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TABLE 1 Demographic characteristics and clinical findings of
the patients

Median
Mean + SD (min/max)
Age 56.54 + 18.06 58 (18/93)
n %

Gender

Female 66 36.5%

Male 115 63.5%
PCR

Negative 110 60.8%

Positive 71 39.2%
Rapid antibody test

Negative 124 68.5%

Positive 57 31.5%
Thorax CT

No 8 4.4%

Yes 173 95.6%
CT finding

Another diagnosis 10 5.8%

COVID-19 112 64.7%

Normal 51 29.5%
Need for MV

No 159 87.8%

Yes 22 12.2%
Clinical management and follow-up

Home isolation 36 19.9%

Exitus 13 7.2%

Hospitalisation 132 72.9%
Co-morbidity

Absent 85 47.0%

Present 96 53.0%

Abbreviations: CT, computed tomography; max, maximum; min,
minimum; MV, mechanical ventilator; SD, standard deviation.

spread. Molecular and serological tests were previously compared
during the SARS-CoV-1 epidemic and demonstrated that molec-
ular tests have high sensitivity and specificity. The current gold
standard for SARS-CoV-2 detection is the SARS-CoV-2-specific
quantitative RT-PCR test from a nasal and/or pharyngeal swab,
sputum or bronchoalveolar lavage.»??22* However, if the amount
of viral genome in the sample is insufficient or if the correct win-
dow period of viral replication is missed, it may give false-negative
results.?® This situation may result in false-negative results due
to technical problems in sampling, laboratory practice standards,
complex technical procedures and lack of experienced staff. As
a result of a systematic review of COVID-19 test accuracy, false-
negative rates ranging from 2% to 29% were reported based on
the results of patients whose first RT-PCR result was negative and

repeat tests were positive.26

Due to the low sensitivity of the PCR test in the diagnosis and
treatment algorithm of the disease, it is aimed to support the diag-
nosis and to prevent possible false negativities with thorax CT ex-
amination. In a study performed on 1014 patients who underwent
thorax CT and RT-PCR tests, the sensitivity of CT was found to be
97% in positive RT-PCR patients.** It is thought that CT scanning
can help distinguish COVID-19 positive and negative patients in the
emergency room.??? Based on this, guidelines were prepared by
the WHO for the combined use of thorax CT and RT-PCR in the di-
agnosis of COVID-19.”

Due to the lack of diagnostic reagents, some patients can be
clinically diagnosed with thorax CT imaging.?! Some typical radio-
logical images can be detected by CT in patients with COVID-19
pneumonia. Prominent CT findings of COVID-19 infection are the
appearance of prominent ground glass density in bilateral, periph-
eral and basal regions.>®%! To date, many descriptive studies and
case reports have focused on the CT findings of COVID-19.1323°
However, clinical and laboratory findings of COVID-19 infection are
indistinguishable from pneumonia caused by some common respi-
ratory pathogens such as influenza virus, Streptococcus pneumoniae
and Mycoplasma pneumoniae.>®

Chung et al 3 reported that thorax CT may be negative for viral
pneumonia of COVID-19 at the first admission of patients (3/21 pa-
tients). Xi et al ¥ reported 5/167 (3%) patients with negative RT-PCR
for COVID-19 at first admission, despite the thorax CT findings spe-
cific to viral pneumonia. In our study, PPV and NPV values of thorax
CT in detecting COVID-19 patients were found at low levels such
as 48.2% and 72.1%. This situation was thought to be related to the
normal tomography images of patients who presented especially in
the early period of the disease. Today, with the gradual recognition
of the radiological findings of COVID-19 pneumonia, guidelines are
prepared for prompt and accurate diagnosis.38

Successful management of disease spread will require serologi-
cal detection of past infection to determine immunity.®? Antibodies
specific to SARS-CoV-2 are usually detected within just more than
a week after the onset of symptoms, limiting the role of serology in
identifying acute infection.*® As stated in the literature, it has been
shown that IgM and IgG levels can be measured in patients with
SARS-CoV-2 infection from the first week of the disease or generally
from the second week.***3 These findings were found to be parallel
to the antibody development characteristics of MERS-CoV infec-
tion.** This situation restricts the use of antibody tests for screening
purposes during the COVID-19 pandemic.434>4¢

These limitations have led to the development of different se-
rological microplate ELISA tests.*># Some authors stated that the
combination of molecular and serological techniques can reach a
sensitivity of 97% in the diagnosis of SARS-CoV-2 infection.*3*
However, these time-consuming tests based on ELISA are gener-
ally not as suitable for clinical use as rapid tests and are difficult
to incorporate into management algorithms in emergency depart-
ments.*3*>4847 Testing 1gM and IgG production in response to viral
infection can be a simple method to increase the sensitivity and

accuracy of the molecular test.*> Additionally, it can be used for
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TABLE 2 Sensitivity levels of Thorax CT findings in patients with positive PCR results
CT finding
Normal/another
diagnosis COVID-19
PCR n (column %) (row %) n (column %) (row %) K (SE) P
Clinical management
Service Negative 19 (73.1)" (41.3)*° 27 (37.0) (58.7) 0.289 (0.089) .003
Positive 7(26.9)(13.2) 46 (63.0)°P" (86.8)**
Intensive care unit Negative 4 (80.0)"PY (12.9)%F 27 (77.1) (87.1) 0.009 (0.060) 999
Positive 1(20.0) (11.1) 8(22.9)°"" (88.9)*°
Home quarantine Negative 21 (70.0)"" (84.0)°° 4 (100.0) (16.0) -0.195 (0.074) 314
Positive 9 (30.0) (100.0) 0(0.0)P?¥ (0.0)**
Mechanical ventilator
No Negative 41(70.7)"" (48.2)°° 44 (46.8) (51.8) 0.219 (0.074) .004
Positive 17 (29.3) (25.4) 50 (53.2)°PY (74.6)*
Yes Negative 3(100.0)"Y (17.6)*® 14 (77.8) (82.4) 0.075 (0.054) .589
Positive 0(0.0) (0.0) 4(22.2)°"V (100.0)*
Total Negative 44 (72.1)" (43.1)* 58(51.8) (56.9) 0.176 (0.066) .010
Positive 17 (27.9) (23.9) 54 (48.2)°P (76.1)*

Abbreviations: CT, computed tomography; kappa statistical test (Monte Carlo) (k), kappa coefficient; npv, negative predictive value; ppv, positive

predictive value; sp, specificity; ss, sensitivity.

TABLE 3 Sensitivity levels of rapid antibody test in patients with positive PCR results

Rapid antibody test

Negative Positive
PCR n (column %) (row %) n (column %) (row %) K (SE) P
Clinical management
Service Negative 41 (70.7)"" (83.7)*° 8(18.2) (16.3) 0.512(0.083) <.001
Positive 17(29.3) (32.1) 36 (81.8)°PY (67.9)*°
Intensive care unit Negative 29 (85.3)"PY (90.6)° 3(42.9) (9.4) 0.381(0.177) .031
Positive 5(14.7) (55.6) 4 (57.1)°" (44.4)*
Home quarantine Negative 24 (75.0)"P" (82.8)°° 5(83.3)(17.2) -0.069 (0.142) 999
Positive 8(25.0) (88.9) 1(16.7)PPV (11.1)*
Mechanical ventilator
No Negative 78 (72.9)"™" (84.8)*° 14 (26.9) (15.2) 0.428 (0.072) <.001
Positive 29 (27.1) (43.3) 38 (73.1)°7Y (56.7)*
Yes Negative 16 (94.1)"" (88.9)*° 2(40.0) (11.1) 0.582(0.215) .022
Positive 1(5.9)(25.0) 3(60.0)°P¥ (75.0)*
Total Negative 94 (75.8)"" (85.5)*° 16 (28.1) (14.5) 0.448(0.068) <.001
Positive 30(24.2) (42.3) 41 (71.9)P"V (57.7)%

Abbreviations: CT, computed tomography; kappa statistical test (Monte Carlo) (k), kappa coefficient; npv, negative predictive value; ppv, positive

predictive value; sp, specificity; ss, sensitivity.

screening purposes to evaluate antibody profiles in a large popula- In our study, the sensitivity of the rapid antibody test performed

tion. Large-scale screening programmes using the antibody test are at the first admission of the patients was evaluated. According to our
currently carried out by different governments to reveal the per- preliminary findings, despite the low sensitivity (57.5%), our having

centage of population immunity. high specificity (85.5%) levels in rapid antibody tests suggests that
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the use of rapid antibody test combining with RT-PCR and thorax CT
may prevent false-negative results in our society, which population
immunity is still low.

There are some limitations in our study. First of all, the selec-
tion of patients among the patients who applied to the emergency
department made it difficult to evaluate asymptomatic SARS-CoV-2
carriers. It was thought that taking the single NS RT-PCR tests taken
at the time of admission as an index caused the false-negative pa-
tients to be excluded due to the low sensitivity of the PCR test. In
addition, rapid antibody tests evaluated in the emergency depart-
ment were thought to affect the test results as they could not reach
sufficient levels as a result of not allowing the window time required
for antibody development.

In conclusion, rapid antibody test and thorax CT examinations
were found to have low diagnostic value in patients who applied to
the emergency department of our hospital and had a positive first
RT-PCR SARS-CoV-2 test. Studies involving larger patient groups are
needed for their use alone in diagnosis and screening.
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