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ABSTRACT

Introduction: This study aimed to assess the correlation between nucleic acid amplification test (real-time
reverse transcription-polymerase chain reaction, RT-PCR) positivity of patients presenting with suspected
COVID-19 and pneumonic infiltration consistent with COVID-19-specific pneumonia diagnosis on thoracic
computed tomography (CT), with symptoms, laboratory findings, and clinical progression.

Methods: The study included 286 patients (female:male 131:155; mean age, 53.3 = 17.9 years) who
were divided into two groups according to their RT-PCR test results. The symptoms, laboratory
examinations, clinical findings, and thoracic CT imaging of the patients were evaluated.

Results: While the physical examination, comorbidities, and total CT scores were similar between the
groups, taste/smell abnormalities were observed more frequently in the PCR-positive group. The use of
moxifloxacin, lopinavir/ritonavir, and tocilizumab was higher in the PCR-positive group (p = 0.016,
p < 0.001, and p = 0.002, respectively). The duration of hospitalization, intensive care requirement, and
mortality rate of the studied groups did not differ between the groups.

Conclusions: Among patients presenting with suspected COVID-19 and pneumonic infiltration consis-
tent with COVID-19 on thoracic CT, the symptoms, physical examination, total CT scores, duration of
hospitalization, intensive care requirement, and mortality rate were similar between RT-PCR-positive
and RT-PCR-negative patients. However, PCR-positive patients appeared to require more specific
treatments.

KEYWORDS
COVID-19; SARS CoV-2;
COVID-19 RT-PCR;
pneumonia

sample test with an announced positivity rate of about 30-60%
at the beginning. According to the Ministry of Health data in our
country, nearly 22 million nucleic acid amplification tests have
been performed, and nearly 10% of these tests identified positivity
[4]. In addition to these tests, unenhanced chest computed tomo-
graphy (CT) may also be considered as a reference for viral diag-
nosis with especially high sensitivity at initial presentation [5,6].
The actual COVID-19 diagnostic accuracy increases when the sen-
sitivity and specificity of both RT-PCR and chest CT are taken into
account together [7,8]. After all, it can be said that there is also no
gold standard for the diagnosis of COVID-19, as well as for the
therapy of disease.

1. Introduction

A novel type of coronavirus that is the seventh member of the
coronavirus family, which causes unexplained pneumonia
cases, was discovered in Wuhan state in China at the end of
December 2019 [1]. The World Health Organization (WHO)
initially defined this novel Coronavirus as a severe acute
respiratory syndrome (SARS)-CoV-2 due to its similarities to
the virus that caused the SARS epidemic in 2003. According
to the latest data in December 2020, there have been nearly
80 million cases in more than 200 countries around the world
since the WHO declared the disease a COVID-19 pandemic on
11 March 2020 [2]. It led to nearly 20,000 deaths in Turkey and
1.8 million total deaths worldwide by December 2020 Figure 1.

As the disease may be asymptomatic, associated with the
clinical status of COVID-19, various symptoms are observed from
upper and lower respiratory tract symptoms, such as fever, dry
cough, complicated dyspnea, muscle pain, or fatigue to less com-
monly reported symptoms, such as taste and smell disorders [3].
The gold standard for the diagnosis of COVID-19 in our country, as
well as the rest of the world, is real-time reverse transcription-
polymerase chain reaction (RT-PCR) of nasopharyngeal swab

Many scientists all over the world are trying to find effective
therapies for COVID-19 to either eradicate or reduce the severity
of the disease. From the beginning of the disease, many therapies
consisting of antiviral drugs, such as favipiravir, lopinavir, ritonavir
[9], and remdesivir [10], antibiotics like macrolides [11], anti-
inflammatory drugs like corticosteroids and colchicine [12],
a recombinant humanized anti-human IL-6 receptor monoclonal
antibody like tocilizumab, and vaccines, including four types such
as whole virus, protein subunit, viral vector, and nucleic acid (RNA
and DNA), have been investigated. Until now, 18 of 63 vaccine
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Figure 1. Thoracic computed tomography image samples of patients in PCR positive and negative groups.

trials on humans have reached the final stage; however, only two
of them have obtained emergency approval from the European
Medicines Agency (EMA) and the US Food and Drug
Administration. In addition to these community immunization
efforts completing this pandemic period in the most harmless
way, all countries continue widespread quarantine conditions
and restrictions, which can have severe negative social and eco-
nomic consequences. Many studies have already shown that
lifestyle changes after COVID-19 pandemic restrictions, such as
a decrease in physical activity, deterioration of eating habits and
sleep patterns, depression, and anxiety disorders, may cause
serious health problems in the future [13-15]. The importance
of increasing physical activity for mental and physical health
should be emphasized in addition to pharmacological treatments
during the COVID-19 pandemic [16].

In our clinical practice, as well as in other countries, we
see that the majority of the patients who were admitted to
hospital with typical manifestations of COVID-19 underwent
both diagnostic tests. It is known from the literature that
a substantial proportion of COVID-19 patients might have
negative initial RT-PCR tests and positive signs of chest CT
or vice versa [17]. However, we have no clear knowledge yet
about in which groups of patients, those with or without
initial RT-PCR positivity and chest CT positivity, have worse
clinical progression or other characteristics of the disease.
Therefore, this study aimed to assess the correlation of RT-
PCR positivity on nucleic acid amplification tests for patients
presenting with suspicion of COVID-19 and with pneumonic
infiltration consistent with COVID-19 diagnosis on thoracic
CT with symptoms, laboratory findings, and clinical
progression.

2. Methods

The study protocol was approved by the Biruni University
Faculty of Medicine Ethics Committee and the Ministry of
Health. The study was completed according to the

principles of the Helsinki Declaration. All patients were pro-
vided full information about the study procedures before
obtaining their written consent.

The study included 286 patients (female:male 131:155,
mean age 53.3 £ 17.9 years) aged 18 years and older with
COVID-19 suspicion attending the Biruni University Hospital
Internal Medicine, Chest Diseases and Infectious Diseases
clinics from March 18 to May 18. All the patients had
infiltrative lung involvement consistent with COVID-19-
specific viral pneumonia in the lower respiratory tract on
chest CT examination at the beginning or follow-up period
of the disease, and laboratory and clinical findings were
consistent with COVID-19. Patients who had pulmonary
findings of COVID-19 pneumonia at the initial presentation
and a follow-up period of disease were formed according to
initial RT-PCR test results as negative or positive groups. The
patients whose chest CT findings were positive despite
initial RT-PCR negativity was included in the PCR-negative
group. Patients with positive nasal smears in terms of influ-
enza, which could be another cause of viral pneumonia,
were excluded from the study. All patients included in the
study had oropharyngeal and nasal swab samples taken for
the COVID-19 RT-PCR test developed with the virus
sequence stated in the Ministry of Health guidelines for
admission. We used Bio-Rad CFX96 Touch instruments and
considered ct < 38 (200 RFU for threshold levels) sigmoidal
curves as positive. In addition, blood samples were collected
for laboratory tests during admission (full blood count,
creatinine, sodium, potassium, alanine aminotransferase
[ALT], aspartate aminotransferase [AST], lactate dehydrogen-
ase [LDH], D-dimer, ferritin, troponin, and C-reactive protein
(CRP)). Patient age, sex, symptoms, physical examination
findings, the treatment used, duration of hospitalization,
intensive care requirements, and mortality status were
recorded.

In our study, thoracic CT images were taken with a Siemens
Somatom Scope 16-slice CT device with a section thickness of



1.5 mm, obtaining images without gaps between slices (gap-
less) using low-dose radiation (mAs: 50, Kvp: 120) were
assessed. CT positivity was defined by findings assessed as
consistent with COVID-19 pneumonia (peripheral, bilateral
ground-glass appearance, multifocal rounded ground-glass
areas, reverse halo) and findings assessed as consistent with
viral pneumonia, including COVID-19 (peripheral and non-
rounded multifocal, diffuse, perihilar or unilateral ground-
glass opacity, low numbers, and very small peripheral and
non-rounded ground-glass areas)(Figure-1). The severity of
pulmonary involvement was obtained by dividing both lungs
into three sections: upper, middle, and lower zones for a total
of six regions. The volume involvement in each region was
graded with 1 point for 0-25%, 2 points for 25-50%, 3 points
for 50-75%, and 4 points for 75-100% [18,19].

2.1. Statistical analysis

Our study was a retrospective cross-sectional study. The fit
to a normal distribution of all data was analyzed using the
Kolmogorov-Smirnov test. Categorical variables are pre-
sented as percentages, while continuous variables are pre-
sented as mean + standard deviation. Categorical variables
were analyzed using the chi-square test, while continuous
variables in two-way groups were analyzed using the t-test.
All data were tested using the SPSS 20.0 (SPSS, Chicago, IL,
USA) software, and values of p < 0.05 were considered
statistically significant.

Table 1. Demographic characteristics, comorbidities, and symptoms of the
study population.

All patients PCR positive PCR negative
(n = 286) (n = 157) (n=129) p
Age (years) 533+ 179 518+ 174 55.1 £ 185 0.119
Gender (female) 131 (45.8) 76 (48.4) 55 (42.6) 0.584
Smoking 82 (28.7) 47 (29.9) 35 (27.1) 0.679
Comorbidities
Hypertension 129 (45.1) 69 (43.9) 60 (46.5) 0.890
Diabetes mellitus 54 (18.9) 27 (17.2) 27 (20.9) 0.450
COPD/asthma 33 (11.5) 17 (10.8) 16 (12.4) 0.713
Coronary artery 32 (11.2) 12 (7.6) 20 (15.5) 0.04
disease
Hyperlipidemia 30 (10.5) 16 (10.2) 14 (10.9) 0.849
Atrial fibrilation 12 (4.2) 7 (4.5) 5 (3.9 0.807
Chronic renal 10 (3.5) 4 (2.5) 6 (4.7) 0.355
failure
Malignancy 10 (3.5) 6 (3.8) 4 (3.1) 0.741
Symptoms
Fever 243 (85) 137 (87.3) 106 (82.2) 0.248
Cough 185 (64.7) 107 (68.2) 78 (60.5) 0.214
Fatigue 150 (52.4) 88 (56.1) 62 (48.1) 0.192
Dyspnea 75 (26.2) 40 (25.5) 35 (27.1) 0.788
Myalgia 51 (17.8) 30 (19.1) 21 (16.3) 0.482
Taste/smell 29 (10.1) 22 (14) 7 (5.4) 0.018
abnormalities
Anorexia 28 (9.7) 18 (11.5) 10 (7.8) 0.413
Headache 21 (7.3) 11 (7) 10 (7.8) 0.889
Pharyngalgia 19 (6.6) 10 (6.4) 9 (6.9) 0.851
Diarrhea 14 (4.9) 8 (5.1) 6 (4.7) 0.862
Nausea/vomiting 12 (4.2) 6 (3.8) 6 (4.7) 0.952
Chest pain 11 (3.8) 6 (3.8) 5(3.9) 0.901
Palpitation 9 (3.1) 6 (3.8) 3(2.3) 0.745
Abdominal pain 6 (2.3) 2(1.3) 4 (3.1) 0.813
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3. Results

The demographic characteristics, comorbidities, and symp-
toms in the studied groups are shown in Table 1. Age, sex,
and smoking habits did not differ significantly among the
groups. There was no significant difference in comorbidities
between the study groups, but the frequency of coronary
artery disease was higher in the PCR-negative group
(p = 0.04). The symptoms were similar between the study
groups, but the frequency of taste/smell abnormalities was
higher in the PCR-positive group (p = 0.018).

The medication and physical examination findings and
chest CT findings (at initial and follow-up period) in the
study groups are shown in Table 2. The use of moxifloxacin,
lopinavir/ritonavir, and tocilizumab was higher in the PCR-
positive group (p = 0.016, p < 0.001, and p = 0.002, respec-
tively). The physical examination and total score of thoracic CT
findings did not differ among the groups.

The laboratory findings of the study groups are shown
in Table 3. The leukocyte, neutrophil, and lymphocyte levels
were significantly lower in the PCR-positive group
(p < 0.001, each other). The hemoglobin, platelet, and
D-dimer levels were significantly higher in the PCR-
positive group (p = 0.023, p < 0.001, and p = 0.005, respec-
tively). The duration of hospitalization, need for the inten-
sive care unit, and mortality rate of the study population
did not differ significantly among the studied groups
(Table 4).

Table 2. Medication and physical examination findings of the study population.

All patients  PCR positive ~ PCR negative
(n = 286) (n = 157) (n=129) p
Medications
Hydroxychloroquine 257 (89.9) 155 (98.7) 128 (99.2) 0.991
Azithromycin 183 (64) 99 (64.7) 84 (65.6) 0.872
Oseltamivir 181 (63.3) 102 (65) 79 (61.2) 0.539
Moxifloxacin 92 (32.2) 60 (38.2) 32 (24.8) 0.016
Favipiravir 53 (18.5) 33 (21.4) 20 (15.6) 0.225
Lopinavir/ritonavir 22 (7.7) 21 (13.7) 1(0.8) <0.001
Tocilizumab 15 (5.2) 14 (9.1) 1 (0.8) 0.002
Other antibiotics 27 (9.4) 20 (12.9) 7 (5.5) 0.042
Physical examination findings
Systolic blood 119.2 £ 201 1171 £186 1219+ 216 0.094
pressure (mmHg)
Diastolic blood 713 +94 709 +9 718 £ 9.9 0.508
pressure (mmHg)
Heart rate (/min.) 86.1 + 12.5 87.3 + 13.2 85.1 £ 11.2 0.232
Oxygen saturation 94.1 = 47 939 =48 94.1 =+ 4.6 0.769
(%)
Respiratory rate 184 + 3.9 184 + 3.7 183 + 4.1 0.957
(/min.)
Computed tomography findings
Total score of computed tomography
Initial
0 91 (31.8) 39 (24.8) 52 (40.3) 0.084
1 131 (45.8) 81 (51.6) 50 (38.8)
2 46 (16.1) 26 (16.6) 20 (15.5)
3 8 (2.8) 5(3.2) 3(23)
4 10 (3.5) 6 (3.8) 4 (3.1)
Follow-up
1 180 (62.9) 102 (64.9) 78 (60.5)
2 69 (24.1) 38 (24.2) 31 (24.1) 0.185
3 18 (6.4) 9 (5.7) 9 (6.9)
4 19 (6.6) 8(5.2) 11 (8.5)
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Table 3. Laboratory findings of the study population.

All patients (n = 286) PCR positive (n = 157) PCR negative (n = 129) p
Glucose (mg/dL) 112.8 £ 194 114.1 £ 21.1 111.3 £ 185 0.806
Creatinine (mg/dL) 1.1+ 0.8 1.2 +£09 1.1 +05 0.583
Leukocyte (10°/mL) 76 + 3.7 6.6 £33 89 £ 39 <0.001
Neutrophil (10°/mL) 54 £ 35 45 £ 3.1 6.4 £ 3.6 <0.001
Lymphocyte (10%/mL) 15+ 08 1307 1.7 £09 <0.001
Hemoglobin (g/dL) 13.1 £ 21 13318 127 £ 24 0.023
Platelet (10°/mL) 228 £ 93 259 + 108 204 + 69 <0.001
CRP (mg/L) 45.2 £ 63.1 46.7 + 63.8 435 + 62.6 0.687
ALT (U/L) 34.1 +£53.8 36.1 + 45.9 31.6 + 62.1 0.492
AST (U/L) 31.8 £29.2 327 £19.7 30.7 £ 376 0.593
LDH (U/L) 285 + 218 270 £ 127 305 + 294 0.203
Ferritin (ng/mL) 266 + 322 266 + 275 266 + 378 0.998
D-Dimer (ng/mL) 975 £ 1715 1370 + 2330 679 + 945 0.005
Troponin | (pg/mL) 229 + 2467 310 + 3256 131 £ 770 0.588
Albumin (g/dL) 36+1 37+1a 35+08 0.832

Table 4. Duration of hospitalization, necessity of intensive care unit, and mor-
tality rate of the study population.

All patients PCR positive ~ PCR negative
(n = 286) (n = 157) (n=129) p
Duration of 44 +53 49 + 54 39 £ 5.1 0.113
hospitalization
Necessity of 39 (13.6) 24 (15.3) 15 (11.6) 0.392
intensive care
unit
Mortality 14 (4.9) 10 (6.4) 4 (3.1) 0.274

The duration of hospitalization was significantly positively
correlated with age (r = 0.299, p < 0.001), leukocyte count
(r = 0,135, p = 0.028), CRP (r = 0.289, p = <0.001), ferritin
(r=0.274, p < 0.001), d-dimer (r = 0.207, p < 0.001), troponin
| (r = 0176, p = 0.008), and respiratory rate (r = 0.320,
p < 0.001). A significant negative correlation between lympho-
cyte count (r = —-0.231, p < 0.001) and oxygen saturation
(r = —0.304, p < 0.001) was found. Oxygen saturation was
significantly positively correlated with lymphocyte count
(r = 0.247, p < 0.001) and significantly negatively correlated
with age (r = —0.338, p < 0.001), leukocyte (r = —0,153,
p = 0.028), CRP (r = —0.294, p = <0.001), ferritin (r = —0.252,
p < 0.001), d-dimer (r = -0.231, p = 0.001), troponin
| (r = —0.150, p = 0.042), and respiratory rate (r = —0.601,
p < 0.001). Respiratory rate was significantly positively corre-
lated with age (r = 0.427, p < 0.001), leukocyte (r = 0,173,
p = 0.016), CRP (r = 0.269, p = <0.001), ferritin (r = 0.198,
p = 0.007), d-dimer (r = 0.240, p = 0.001), and troponin
I (r = 0.155, p = 0.043) and significantly negatively correlated
with lymphocyte count (r = —0.227, p = 0.001).

4. Discussion

COVID-19 is a brutal disease that should be quickly diagnosed,
controlled, and treated. From the beginning of COVID-19 his-
tory, the therapy is given to all patients with the slightest
suspicion of the disease showing positive findings on RT-PCR
test or chest CT. However, we did not know the clear differ-
ences between the patient groups with positive or negative
RT-PCR tests at the beginning of the disease. In this study, the
differences between RT-PCR-positive and RT-PCR-negative
patients were researched for patients suspected of COVID-19

with pneumonic infiltration, which is consistent with COVID-19
on thoracic CT with similar age, sex, and comorbidities. The
symptoms, physical examination findings, duration of hospita-
lization, intensive care requirement, and mortality rate were
similar in both groups, but RT-PCR-positive patients were
shown to require more specific treatments, such as moxiflox-
acin, lopinavir/ritonavir, and tocilizumab.

The RT-PCR test is still the method accepted as the gold
standard for screening and diagnosis of SARS-CoV-2 infection.
The outbreak of the recently emerging SARS-CoV-2 poses
a challenge for public health laboratories, especially for clinical
laboratories in hospitals all over the world. The positivity on
RT-PCR for the virus at initial presentation varies from 30% to
70% in different studies [8,20]. A study by Li et al. in China
identified 64.3% RT-PCR-positivity for patients presenting with
COVID-19 symptoms, while another study in Italy identified
39.4% RT-PCR-positivity in patients with findings consistent
with COVID-19 on chest X-ray [21,22]. Similarly, in our study,
RT-PCR positivity was identified in 54.9% of 286 patients with
radiological findings consistent with COVID-19. These differ-
ences in the identification of SARS-CoV-2 with RT-PCR tests are
thought to be due to many reasons, including inadequacy in
obtaining and/or studying viral samples, false-negatives due
to [23] variable accuracy rates in commercial tests, or uniden-
tifiable positivity due to low viral load associated with the
early period of disease [5].

Disease progression appears to affect individuals more
severely if they are elderly, vulnerable, or with one or more
comorbidities. The disease has more severe progression and
may result in mortality, especially for men and those with
cardiovascular disease [23-25]. This dramatic progression in
the presence of hypertension leads to the consideration that
injury to endothelial or alveolar epithelial cells expressing ACE2
receptors may form with hypertension in the lungs. However,
the underlying mechanism for this connection is still not clearly
known [26]. Nine months after the COVID-19 pandemic
announcement, nearly 80 million cases were reported world-
wide by December, with 2.2% mortality and, unfortunately,
more than 1.5 million deaths. At the end of December,
2.13 million cases were observed in Turkey, and more than
19.000 citizens lost their lives (John Hopkins). A study in China
found that 58% of patients were men, while the most com-
monly seen comorbidities were hypertension (26%), diabetes



mellitus (10%), and cardiovascular disease (21). A study in the
USA found that 59.6% of patients were men, with the most
frequent comorbidities being hypertension (60%,) diabetes mel-
litus (37%), chronic lung diseases (22%), and coronary artery
disease (13.1%) [27]. In our study, similar to all global data, the
male rate was high (54.2%), with the most frequent comorbid
conditions being hypertension, diabetes, chronic lung diseases,
and coronary artery disease. The mortality rate was 4.8%, which
is similar to the findings of other studies performed during the
same period.

As COVID-19 is a viral infection affecting many systems,
dominantly the respiratory tract, but including the gastroin-
testinal and cardiovascular systems, patients’ symptoms vary
according to system involvement and include fever, cough,
fatigue, dyspnea, myalgia, taste/smell abnormalities, anorexia,
headache, pharyngalgia, diarrhea, nausea/vomiting, chest
pain, palpitation, and abdominal pain. A study in China
found that the most frequently observed symptoms were
fever (86%), dry cough (53%), and fatigue (32%), while
a study in the USA found cough (73%), fever (72%), and
dyspnea (63%) [21,27]. Another study in Italy found that
fever (86%), cough (56%), and dyspnea (40%) were the most
common symptoms [22]. In our study, the most commonly
observed symptom was fever (85%), followed by cough (64%),
fatigue (52%), and dyspnea (36%). Apart from taste/smell
abnormalities, there was no significant difference in the inci-
dence of symptoms with PCR test positivity.

Since the SARS-CoV-2 isolation, there is still no effective
medication to fully treat the virus. Several researchers around
the world are working to find solutions to enhance the efficacy
of drugs that will relieve COVID-19. Many drugs, including
antivirals, remdesivir, antibacterial drugs, antiparasitic medica-
tion like ivermectin [28], antimalarial drugs with anti-
inflammatory effects, and colchicine are being researched,
and their efficacy is debated. In our study, similar medications
were used (remdesivir and ivermectin are not available in
Turkey, colchicine is not licensed or permitted for COVID-19),
and PCR-positive patients were observed to require more
specific treatments like lopinavir/ritonavir and tocilizumab.
This situation suggests that after PCR-positive patients receive
a higher viral load, it may lead to the administration of more
intense specific treatments due to rapid progression in clinical
disease. On the other hand, as the intensive care requirement
and mortality rates of the patients are similar, this situation
may be interpreted as the PCR-positivity at the beginning of
the disease, which causes the doctors to keep the COVID-19
treatments given to the patient more broadly in the follow-up
period with an observation of clinical progression.

The current study has some limitations; first, its results
cannot be generalized to the entire population because it
was conducted in a single center and included only patients
above 18 years of age; second, the long-term outcomes of our
patients were not researched. We did not demonstrate the
improvement of pathophysiological changes in the lung; for
this, patients should undergo pulmonary function tests and CT
examinations after 6-8 weeks. Finally, a viral panel was not
examined in the PCR-negative group, and thus, other viral
infections could not be excluded.
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In conclusion, there was no significant difference in the
symptoms, physical examination findings, CT findings, dura-
tion of hospitalization, intensive care requirement, and mor-
tality rates between RT-PCR positive and negative patients
presenting with the suspected COVID-19 and pneumonic infil-
tration consistent with COVID-19 on thoracic CT. It has been
observed that PCR-positive patients require more specific
treatments. Even though RT-PCR studies associated with the
diagnosis and process of COVID-19 have given much more
knowledge and clinical experience to the literature, chest CT
screening is still a more sensitive method than RT-PCR test in
the beginning and also follow-up period of the disease. In our
study, the chest CT findings turned positive in the follow-up
period of the disease, but clinical outcomes of COVID-19
patients with or without RT-PCR positivity were found to be
similar. Therefore, the treatment selection for COVID-19
patients should be decided primarily according to their chest
CT screening tests and clinical findings.
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