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Background: Exposure to viral or bacterial pathogens increases the number of neutrophils with a relative decrease 
in lymphocytes, leading to elevated neutrophil to lymphocyte ratio (NLR). This study aimed to investigate 
whether differences in NLR among real-time polymerase chain reaction (PCR)-positive and -negative patients 
presenting with a prediagnosis of COVID-19 pneumonia could be useful in the differential diagnosis. 
Methods: The study included 174 patients admitted because of suspected COVID-19 infection between March and 
April 2020. Patients were divided into two groups: PCR-negative and PCR-positive. Hemogram, NLR, urea, 
creatinine, aspartate aminotransferase, alanine aminotransferase, bilirubin, ferritin, D-dimer, C-reactive protein, 
procalcitonin, troponin, and coagulation parameters were analyzed. 
Results: On comparison of laboratory parameters between both groups at presentation, PCR-positive patients 
were significantly more likely to have leukopenia (p < 0.001), thrombocytopenia (p = 0.006), neutropenia (p <
0.001), lymphopenia (p = 0.001), and increased NLR (p = 0.003). Furthermore, PCR-positive patients showed 
significant elevations of ferritin (p = 0.012) and procalcitonin (p = 0.038) and significant lower potassium levels 
(p = 0.05). 
Conclusion: COVID-19 pneumonia has become a major global health problem. Early diagnosis and treatment of 
these patients are crucial, as COVID-19 pneumonia shows a rapid progression in most cases. Thus, leukopenia, 
thrombocytopenia, elevated NLR, and elevated ferritin may be useful as supplementary diagnostic tests in these 
patients, which may allow early initiation of treatment and may contribute to preventing progression in patients 
with abnormal results.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) is a respiratory infection 
caused by the severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2), a novel emergent virus that was first recognized in Wuhan, 
China, and since then has rapidly spread worldwide [1]. Although most 
patients infected with COVID-19 are either asymptomatic or only have a 
mild disease, approximately one-third of patients have more severe 
disease caused by an acute respiratory distress syndrome, which may 
lead to the need for mechanical ventilation (MV) and admission to an 
intensive care unit or even death [2]. According to the current data of 
the World Health Organization, the number of infected people and 
deaths has increased to 63,921,921 and 1,480,622, respectively 
(December 2019-November 2020) [3]. 

The nucleic acid real-time polymerase chain reaction (PCR) test has 
become the standard method for the diagnosis of SARS-CoV-2 infection 
[3]. This process can take up to 2–3 h. The reported diagnostic accuracy 
of real-time PCR is between 60% and 80% [4]. These real-time PCR test 
kits have several limitations. Despite the increasing demand for PCR 
testing, diagnostic delays remain a challenging problem in patients with 
COVID-19 pneumonia because of increasing numbers of patients, pro-
longed testing process, high cost, need for certified laboratories, and the 
need for experienced personnel. In addition, the reported false nega-
tivity rates may be as high as 20% [4]. Therefore, considering the cur-
rent lack of a rapid and reliable testing method, particularly in countries 
where test availability is low, supportive laboratory tests should be used 
to establish a diagnosis if possible. The rapid diagnosis of COVID-19 
infection using simple laboratory tests will initiate treatment and 

E-mail addresses: mehmetkabak8@hotmail.com (M. Kabak), drbariscil@hotmail.com (B. Çil), iclalhocanli2163@gmail.com (I. Hocanlı).  

Contents lists available at ScienceDirect 

International Immunopharmacology 

journal homepage: www.elsevier.com/locate/intimp 

https://doi.org/10.1016/j.intimp.2021.107390 
Received 23 October 2020; Received in revised form 8 January 2021; Accepted 10 January 2021   

mailto:mehmetkabak8@hotmail.com
mailto:drbariscil@hotmail.com
mailto:iclalhocanli2163@gmail.com
www.sciencedirect.com/science/journal/15675769
https://www.elsevier.com/locate/intimp
https://doi.org/10.1016/j.intimp.2021.107390
https://doi.org/10.1016/j.intimp.2021.107390
https://doi.org/10.1016/j.intimp.2021.107390
http://crossmark.crossref.org/dialog/?doi=10.1016/j.intimp.2021.107390&domain=pdf


International Immunopharmacology 93 (2021) 107390

2

break the transmission chain [4,5]. Several supportive laboratory tests 
may help in the diagnosis of COVID-19 infection, including leukopenia, 
lymphopenia, neutrophil to lymphocyte ratio (NLR) elevation, D-dimer 
elevation, and ferritin elevation [6–8]. A study has reported that 
neutralizing antibodies play a crucial role in identifying COVID-19 
infection [9]. Another study claimed that serum S100B protein could 
be a crucial marker in the diagnosis of severe COVID-19 [10]. However, 
Zeng et al. reported that serum interleukin (IL)-2 receptor, IL-6, IL-8, IL- 
10, tumor necrosis factor-alpha (TNF-α), ferritin, procalcitonin lactate 
dehydrogenase, and high-sensitive C-reactive protein (hsCRP) were 
higher in critically ill patients than moderate and severe patients [11]. 

Leukocytes play a fundamental role in defense of the immune system 
during bacterial or viral infection. When the body encounters a viral or 
bacterial infection, leukocytes provide an immune response. It causes 
the release of free oxygen radicals that destroy the cell wall of the virus 
and disrupt its structure by producing a high number of neutrophils. 
Whereas lymphocytes, the cornerstone of immunity to viral infections, 
increase the release of CD8 + T lymphocytes and reduce the release of 
CD4 + T lymphocytes. Thus, it suppresses cellular immunity and lym-
phopenia, thus increasing NLR [8,12]. In severe patients, proin-
flammatory cytokine stimulates Th1, leading to an excessive immune 
response and uncontrolled release of cytokines and chemokines such as 
IL-6 [13]. 

In this study, we aimed to compare inflammatory parameters such as 
hemogram, CRP, procalcitonin, and ferritin between real-time PCR- 
positive and -negative patients admitted to our hospital. 

2. Materials and method 

2.1. Patients 

This retrospective single-center study included 174 patients 
admitted because of suspected COVID-19 infection between March and 
April 2020. Permissions required for the scientific research project 
endorsed by the ministry were obtained from the Ministry of Health. 
Patients were assigned into two groups: PCR positive and PCR negative 
with typical tomography findings. Demographic characteristics, symp-
toms, radiological findings, current medications, comorbid conditions, 
and duration of hospital stay were recorded. Moreover, complete blood 
count, NLR, urea, creatinine, aspartate aminotransferase, alanine 
aminotransferase, bilirubin, ferritin, D-dimer, CRP, procalcitonin, 
troponin, and prothrombin time, and active partial thromboplastin time 
were analyzed. NLR was defined as the ratio between the absolute 
neutrophil count and lymphocyte count in the blood. After admission, 
nasopharyngeal samples for PCR analysis were obtained by a physician. 
The amplification and analysis of the DNA and RNA were performed 
using a CFX96 real-time PCR detection system (CFX96; Bio-Rad, USA). 

Inclusion criteria: Patients above the age of 18 years, patients who 
were PCR positive and negative, and having typical tomography find-
ings. Exclusion criteria: patients below the age of 18 years and patients 
without typical symptoms or absence of tomographic findings compat-
ible with pneumonia. 

Patients with an oxygen saturation of <88%, respiratory rate of >30 
per minute, pulse rate of >110 beats per minute, blood pressure of <90/ 
60 mmHg, and bilateral pneumonia were admitted to the intensive care 
unit, whereas other patients were treated in the normal ward. Patients 
were discharged in case of clinical improvement, regression of radio-
logical findings, and a negative control PCR test after the fifth day 
following admission. 

2.2. Treatment 

Treatment with hydroxychloroquine was initiated after admission. 
Favipiravir was added to this regimen in patients with radiological 
progression, persistent fever, and the need for intensive care admission 
occurring within the first 72 h. If the need for oxygen persisted despite 

hydroxychloroquine and favipiravir or if no clinical improvement 
occurred, tocilizumab was added. Both groups received similar 
treatments. 

2.3. Radiologic evaluation 

The radiological assessment and classification of the patients were 
based on the criteria proposed by the Radiological Society of North 
America Expert Consensus [14]. Thus, bilateral ground-glass and 
reverse halo appearance were considered typical radiological findings; 
unilateral ground-glass or consolidation or nonperipheral perihilar 
ground-glass appearance were considered possible radiological findings; 
isolated consolidation, cavitary lung lesions, or pleural effusions were 
considered atypical radiological findings; and absence of any patho-
logical findings suggestive of pneumonia was considered a negative 
radiological finding. According to the Radiological Society of North 
America Expert Consensus, thoracic tomography was not typical, and 
PCR-negative patients were excluded. 

2.4. Statistical analysis 

The study data were analyzed using the Statistical Package for Social 
Sciences for Windows, 22.0 software pack. Continuous variables were 
expressed as appropriate means and standard deviations or medians and 
interquartile ranges. Categorical variables were summarized as counts 
and percentages for each category. The normal distribution of the 
parametric data was evaluated using the Shapiro-Wilk test. Categorical 
variables between PCR-positive and -negative groups were compared 
using the chi-square test. Nonparametric data were compared between 
the two groups using the Mann-Whitney U test. The optimal cutoff 
values of the continuous NLR, leukocyte, neutrophil, and lymphocyte 
counts were calculated using the receiver operating curve (ROC) anal-
ysis. For statistical results, a p-value of less than 0.05 was considered 
significant, with corresponding 95% confidence intervals. 

3. Results 

3.1. Demographic features 

A total of 174 patients were included in the study. Patients were 
assigned into two groups: PCR-positive (n = 109; 64 males [58.7%]) and 
PCR-negative patients (n = 65; 38 males [58.5%]) with typical tomog-
raphy findings. The gender distribution was similar between the groups 

Table 1 
Demographic characteristic of patients.   

PCR p-value 

Positive 
(n = 109) 

Negative 
(n = 65) 

Age (year) (Mean ± SD) 44.85 ±
18.41 

42.29 ±
18.06 

0.373 

Gender Male 64 (58.7%) 38 (58.5%) 0.974 
Female 45 (41.3%) 27 (41.5%) 

Oxygen status Without oxygen 97 (89%) 61 (93.8%) 0.276 
With oxygen 8 (7.3%) 4 (6.2%) 
Mechanical 
ventilation 

4 (3.7%) 0 (0%) 

Hospitalization time (Day) (Mean ± SD) 9.77 ± 4.98 6.49 ± 2.76 <0.001 
* 

Unit Service 96 (88.1%) 61 (93.8%) 0.215 
Intensive care 13 (11.9%) 4 (6.2%) 

Discharge 
status 

Discharge 104 (95.4%) 63 (96.9%) 0.624 
Death 5 (4.6%) 2 (3.1%) 

Additional 
disease 

Present 37 (33.9%) 13 (20%) 0.049* 
Absent 72 (66.1%) 52 (80%) 

p < 0.05: is statistically significant 
* p < 0.001 
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(p = 0.974) (Table 1). When the two groups were examined for age, the 
mean age of the PCR-positive group was 44.85 ± 18.41 years, and that of 
the PCR-negative group was 42.29 ± 18.06 years (p = 0.373; Table 1). In 
the PCR-positive group, the number of patients with hypertension (HT), 
diabetes mellitus (DM), asthma, chronic renal failure (CRF), chronic 
obstructive pulmonary disease (COPD), cerebrovascular disease (CVD), 
and chronic heart failure (CHF) was 14 (12.8%), 11 (10%), 5 (4.5%), 5 
(4.5%), 3 (2.7%), 3 (2.7%), and 1 (0.9%), respectively. In the PCR- 
negative group, the number of patients with HT, DM, asthma, COPD, 
CHF, and CVD was 4 (6.1%), 3 (4.6%), 2 (3%), 2 (3%), 1 (1.5%), and 1 
(1.5%), respectively. There was a statistically significant difference be-
tween the two groups in comorbidity (p = 0.049; Table 1). 

3.2. Evaluation of symptoms 

The most common symptoms in both groups were cough, fever, and 
shortness of breath. Other common symptoms included sore throat, 
sputum, and loss of taste and odor. In addition, weakness, headache, 
nausea, and vomiting were observed rarely. No significant difference 
was observed between the two groups for symptoms (Table 2). 

3.3. Evaluation of treatments 

In wards where PCR-positive and PCR-negative patients were hos-
pitalized, 96 (88.1%) PCR-positive patients were admitted to the ser-
vice, and 13 (11.9%) patients were admitted to the intensive care unit. 
In the other group, 61 (93.8%) patients received service, and 4 (6.2%) 
patients were followed up in the intensive care unit (Table 1). Moreover, 
97 (89%) patients in the PCR-positive group did not require oxygen 
therapy, whereas 8 (7.3%) required oxygen therapy, and 4 (3.7%) 
required MV. In the PCR-negative group, 61 (93.8%) patients did not 
require oxygen therapy, whereas 4 (6.2%) required oxygen therapy. 
None of the patients in this group required MV (p = 0.276; Table 1). 

3.4. Evaluation of mortality 

A total of 104 (95.4%) patients were discharged, and 5 (4.6%) died in 
the PCR-positive group, whereas 63 (96.9%) were discharged and 2 
(3.1%) died in the other group, with no significant difference between 
the two groups (p = 0.624; Table 1). The mean duration of hospitali-
zation was 9.77 ± 4.98 days and 6.49 ± 2.76 days in the PCR-positive 
and -negative patients, respectively, with a statistically significant dif-
ference between the two groups (p < 0.001; Table 1). 

3.5. Evaluation of radiological findings 

Radiological images of the patients in the PCR-positive group were 
classified according to the Radiological Society of North America Expert 
Consensus. The PCR test was negative in 30 (27.5%) patients, and the 
radiological appearance was typical in 64 (58.7%) patients, probable in 
11 (10.1%), and atypical in four (3.7%). 

3.6. Evaluation of laboratory parameters 

The two groups were transmitting in the laboratory at the time of 
admission to the hospital. A significant increase was observed in 
leukopenia (p < 0.001), thrombocytopenia (p = 0.006), neutropenia (p 
< 0.001), lymphopenia (p = 0.001), and NLR (p = 0.003) in the PCR- 
positive group. However, a significant decrease was observed in 
ferritin (p = 0.012), procalcitonin (p = 0.038), and potassium (p = 0.05) 
levels in the PCR-positive group (Table 4). No significant differences 
were observed in lactate dehydrogenase (p = 0.182), albumin (p =
0.094), D-dimer (p = 0.949), troponin (p = 0.394), and CRP (p = 0.322) 
levels (Table 3). 

In addition, a ROC curve analysis was performed on the PCR-positive 
group. The PCR test was significantly positive for leukopenia, lympho-
penia, thrombocytopenia, and neutropenia (Fig. 1). The cutoff value, 
sensitivity, and specificity for leukopenia were 667 thousand, 68%, and 
71%, respectively. The cutoff value, sensitivity, and specificity for 
lymphopenia were 151 thousand, 61%, and 65%, respectively. The 
cutoff value, sensitivity, and specificity for neutropenia were 4.425, 
72%, and 67%, respectively. The cutoff value, sensitivity, and specificity 
for thrombocytopenia were 208 thousand, 55%, and 72%, respectively 
(Table 4). 

4. Discussion 

COVID-19 infection has become a crucial problem all over the world. 
In this study, we studied parameters and searched for findings that may 
help in early diagnosis and treatment. PCR positivity was found to be 
higher in patients with leukopenia, lymphopenia, thrombocytopenia, 
increased NLR, and increased ferritin. 

COVID-19 is a disease that affects several systems in the body, 
including the lungs. It can be transmitted very quickly from person to 
person or through droplets and can spread rapidly in this manner. It is 
more common in men. Although all age groups can contract COVID-19, 
15–49 years of age range is less likely to be affected. Cough and fever are 
among the common symptoms [15]. Li et al. reported that COVID-19 
infection is more common in men. Moreover, the most frequent 

Table 2 
The difference in symptoms between groups.  

Symptoms PCR p-value 

Positive 
(N = 109) 

Negative 
(N = 65) 

Cough 77 (70.6%) 54 (83.1%) 0.06 
Fewer 49 (45%) 24 (36.9%) 0.29 
Dyspnea 42 (38.5%) 21 (32.3%) 0.40 
Sputum 2 (1.8%) 1 (1.7%) 0.88 
Throat Ache 13 (11.9%) 7 (10.8%) 0.81 
Loss Of Taste And Smell 8 (7.3%) 5 (7.7%) 0.93 
Other Symptoms* 32 (29.4%) 13 (20%) 0.88 

p < 0.05 : is statistically significant 
* : weakness, malaise, headache, nausea, vomiting 

Table 3 
Comparison of laboratory parameters with PCR positivity.   

PCR p-value 

Positive (n = 109) 
Median (interquartile 
range) 

Negative (n = 65) 
Median 
(interquartile range) 

WBC (White Blood 
Cells) 

5.70 (3.15 to15.25) 8.13 (3.07–17.07) <0.001* 

Platelets 204 (72–732) 239 (78–462) 0.006* 
Neutrophils 3.61 (0.98–12.97) 5.24 (1.20–14.26) <0.001* 
Lymphocytes 1.40 (0.39–4.57) 1.86 (0.58–5.15) 0.001* 
PDW (Platelet 

Distribution Width) 
11.80 (8.20–19.80) 12.00 (9.40–21.40 0.366 

RDW (Red Cell 
Distribution Width) 

12.60 (10.90–20.00) 12.60 (11.40–12.80) 0.717 

MPV (Mean Platelet 
Volume) 

10.50 (8.80–13.50) 10.60 (9.10–12.80) 0.821 

NLR (Neutrophils/ 
Lymphocytes) 

3.73 (1.16–16.01) 3.17 (0.75–6.25) 0.003* 

CRP (C-reactive 
protein) 

8.00 (0.04–266.60) 9.90 (0.10–81.80) 0.322 

Procalcitonin 0.02 (0.01–32.60) 0.01 (0.00–4.24) 0.038* 
D-dimer 409.00 

(96.00–3750,000) 
386.00 
(123.00–13,400) 

0.949 

Troponin 2.50 (2.00–8989.15) 2.50 (2.10–64.57) 0.394 
Albumin 4.30 (2.80–5.10) 4.40 (3.00–5.00) 0.94 
K+ (potassium) 3.90 (3.10–5.40) 4.10 (2.80–5.60) 0.05* 
Ferritin 180.00 

(23.20–3142.50) 
134.90 
(5.50–600.00) 

0.012* 

LDH (Lactate 
Dehydrogenase) 

239.00 
(156.00–645.00) 

258.00 
(98.00–640.00) 

0.182  
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presentation was a cough, and it is more common in the same market 
between the ages of 15 and 49 years. In addition, fever was seen in 98% 
of the cases, and the mortality rate was higher in intensive care patients. 
[1,6]. It occurred more often in men than in women. Moreover, fever 
and cough were common symptoms, with a mortality rate reported as 
11% [16]. In this study, although the disease was more prevalent among 
males, it did not affect the young population. In addition, the most 
common symptoms were cough and fever, with a mortality rate of 4.6%. 

A leukocyte count of less than 4000 µL is termed as leukopenia. 
Leukocytes provide an immune response when the body encounters a 
viral or bacterial infection. After coming in contact with the virus, it 
affects all cells and releases a high number of cytokines, as previously 
seen in SARS-COV and MERS-COV infection [17]. Thus, it can directly 
kill the virus or trigger humoral immunity and cause a cytokine storm by 
releasing IL1, IL6, and TNF-α. On the other hand, lymphocytes, the 
cornerstone of the immunity of viral infections, increase the release of 
CD8 + T lymphocytes, and decrease the release of CD4 + T lymphocytes. 
Thus, it suppresses cellular immunity, and lymphopenia occurs. Coro-
navirus has been shown to affect the bone marrow and the release of 
leukocytes. Zeng et al. reported that IL-2, IL-6, IL-8, IL-10, and TNF-α 
secretion increased in critical patients with COVID-19 [11]. In one 

study, it was reported that IL-6 release increased after the imbalanced 
response of the immune system in critically ill patients with COVID-19 
[13]. A study reported that leukopenia was detected in patients with 
COVID-19 and these patients were more likely to die [17]. In another 
study, >80% of the patients had leukopenia [18]. Similarly, other 
studies have shown that leukopenia was more common among patients 
with COVID-19 [6,16]. In this study, the number of leukocytes signifi-
cantly decreased in the PCR-positive group. Therefore, we believed that 
the presence of leukopenia is a supportive laboratory parameter for 
diagnosis in patients with COVID-19. 

In PCR-positive patients, the virus could have caused lymphopenia 
by affecting lymphocytes. Liu et al. suggested that the coronavirus may 
affect lymphocytes, leading to a decrease in the absolute lymphocyte 
count. Therefore, it has been reported that the virus may consume de-
fense cells and cause the disease to progress more severely [12]. In 
another study, Henry et al. suggested that lymphopenia was observed in 
critically ill patients and in cases with high mortality, and this may lead 
to a decreased immune response [17]. Moreover, lymphopenia can be 
observed in severe patients with MERS-COV infection [19]. Another 
study showed that lymphopenia may help in identifying disease severity 
in patients with COVID-19 [7]. A study conducted in Wuhan has shown 
that the observation of lymphopenia may help in the early diagnosis of 
COVID-19 [20]. In a study conducted by Zeng et al., the presence of high 
hsCRP and lymphopenia was emphasized in critical patients with 
COVID-19 [11]. In this study, lymphopenia was significantly observed in 
patients with PCR positivity. Therefore, lymphopenia can be used as an 
auxiliary laboratory parameter in the diagnosis of PCR-positive patients. 

When the body encounters a viral infection, it stimulates antigen- 
presenting CD8 + T lymphocytes and causes a cytokine storm by 
releasing a high number of neutrophils. This increase NLR by causing a 
decrease in the absolute lymphocyte count in viral infections [21,22]. In 
a study of 237 patients in China, it was reported that NLR is an inde-
pendent risk factor affecting mortality in influenza infections such as 

Table 4 
The effects of laboratory parameters on PCR positivity.   

White blood cell 
(WBC) 

Platelet Lymphocyte Neutrophil 

Cut-off 6.67 208 1.51 4.425 
Sensitivity 68% 55% 61% 72% 
Specificity 71% 72% 65% 67% 
Positive predictive 

value 
79% 77% 74% 79% 

Negative predictive 
value 

56% 49% 49% 59%  

Fig. 1. ROC curve analysis of NLR, D-dimer, platelets, ferritin, lymphocyte, neutrophil, and leukocyte count. Area under the curve of lymphocyte: 356; p < 0.001, 
area under the curve of neutrophils: 307; p < 0.001, area under the curve of platelets: 375; p = 0.006, area under the curve of white blood count: 310; p < 0.001. 

M. Kabak et al.                                                                                                                                                                                                                                  



International Immunopharmacology 93 (2021) 107390

5

H7N9. In another study, the mortality rate of patients with an NLR >
19.94 was found to be higher [23]. A study by Yang et al. showed that 
the increase in NLR can be used as an independent prognostic biomarker 
in patients with COVID-19 [8]. In a study conducted in China with 116 
COVID-19 pneumonia patients, it was shown that the increase in NLR 
may be associated with the severity of COVID-19 disease [7]. Another 
study showed that the increase in NLR in patients with COVID-19 may 
help in early diagnosis [20]. In this study, an increase in NLR at the time 
of diagnosis was more pronounced in PCR-positive patients. We believed 
that increase in NLR in patients with COVID-19 should be recognized 
earlier and treated. 

Platelet is one of the crucial factors in coagulation and an essential 
part of systemic inflammation. In the case of active inflammation, it is 
triggered by the immune system and can lead to thrombosis. In addition, 
as chronic inflammation continues, it interacts with white blood cells 
and triggers cytokine release. Platelet is the origin of several immune 
mediators and inflammatory structures. In a viral infection, platelets 
stimulate the immune system, increasing the release of IL1, IL6, and 
IL1b and creating an immune response. COVID-19 infection affects the 
bone marrow and causes thrombocytopenia by inhibiting the synthesis 
of hematopoietic cells after entering the cells [24]. Studies have shown 
that the rate of thrombocytopenia in COVID-19 ranges from 40% to 
60%. A study reported that the mortality rate of patients with throm-
bocytopenia was high in patients with COVID-19 [25]. Another study 
showed that low platelet levels were observed in patients diagnosed 
with COVID-19, which affected mortality [26]. Similarly, other studies 
have shown that thrombocytopenia supports the diagnosis and affects 
mortality in COVID-19 patients [6,27]. In this study, we found that the 
number of platelets significantly decreased in patients with PCR posi-
tivity. Thus, thrombocytopenia may be a parameter that can help in 
early diagnosis, apart from the radiological appearance of the patients. 

Ferritin is an intracellular iron storage protein and a crucial part of 
natural immunity, which activates macrophages. Ferritin levels increase 
in viral or bacterial infections. Moreover, studies have reported high 
ferritin levels in COVID-19 pneumonia. Ferritin is believed to trigger the 
macrophage activation syndrome at extremely high levels because of 
excessive macrophage release. This may be the cause of the cytokine 
storm that occurs in COVID-19 infection. In a study, patients with 
COVID-19 had an elevated ferritin level with a significant effect on 
mortality [27]. Another study found that 63% of patients had high 
ferritin levels [12]. Another study reported that the S100B protein could 
be used as a biomarker in severe COVID-19 patients and correlated with 
ferritin [10]. In this study, a significant increase was observed in ferritin 
levels in PCR-positive patients. As ferritin levels increase in COVID-19 
infection, we believed that it may be a crucial laboratory marker for 
the diagnosis of the infection. 

Several notable limitations were observed in this study. First, data 
were obtained from a single clinical research center. Second, the 
experimental data were limited. Furthermore, the conclusion of this 
study may differ from that of other studies at home and abroad and must 
be further improved in clinical cases. Third, in PCR-negative patients, 
samples were taken only from the nasopharynx and oropharynx. We 
were unable to examine PCR in bronchoalveolar lavage or deep tracheal 
aspirate in these patients because of the heavy patient load. Finally, a 
small number of patients were included in the study because of time 
constraints. 

In conclusion, COVID-19 pneumonia has become a major disease 
worldwide. As COVID-19 pneumonia progresses rapidly, early diagnosis 
and treatment are crucial. Radiological imaging and PCR are a crucial 
part of the diagnosis. Because of the higher cost, prolonged test results, 
unavailability of PCR laboratories in each site, shortage of microbiolo-
gists experienced in PCR, and false negativity of the PCR test, there is an 
unmet need for rapid laboratory tests. It is crucial to diagnose and start 
treatment early with clinical, radiology, and rapid hemogram testing. 
We believed that leukopenia, lymphopenia, thrombocytopenia, NLR 
increase, and ferritin increase are crucial parameters in PCR positivity. 

Ethics committee approval for the study was obtained from the 
University of Harran Ethics Committee with number HRU/20.15.20. 
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