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 ABSTRACT 
 

Background and Aim: Coronavirus disease known as COVID-19 pandemic is caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), which is affecting over 200 countries all over the world. This study was aimed to identify simple 
and swiftly available laboratory biomarkers to help facilitate effectual triage to categorize suspected COVID-19 patients. 

Materials and Methods: According to a standard protocol, we collected clinical, etiological, and laboratory data of 140 
patients who underwent diagnostic tests at Medical Laboratory Group, Tehran, Iran, from October 1 to November 28, 2020, 
based on PCR testing for SARS-CoV-2 infection. Leukocyte parameters, C-reactive protein (CRP) and, ferritin levels were 
measured in patients with positive PCR COVID-19 test. 

Results:  140 patients with COVID-19 infection were included in the study. The median age in women was 41.5 (23-60) years 
and 45.3 (22-68) years in men. Based on RT-PCR result, there were significant differences for neutrophil, lymphocyte, and 
monocyte counts. Overall, 72.8% of patients had monocyte count more than 11 ×109 /L. The mean neutrophil lymphocyte 
ratio (NLR) for women was 2.8 (SD: 1.8) and 2.6 (SD: 1.7) for men. Only in 15 patients (10.7%) with respiratory symptoms, 
CRP level was more than 5 mg/L.  

Conclusion:  We found a significant increase in monocyte count. Lymphopenia was also observed. In patients with 
respiratory symptoms, CRP was significantly higher than the normal reference range. 
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Introduction
Severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), which causes coronavirus  disease  
(COVID-19) rapidly evolved from an epidemic 
outbreak in China  (1, 2) into a pandemic infecting 
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people all over the world (3). COVID-19 is a virus-
induced respiratory disease, which is progressed to 
the Acute Respiratory Distress Syndrome (ARDS), 
hyper inflammation, and leukocytes count variation 
(4). It has been testified that ACE2 is the main receptor 
of the host cell for the human pathogenic 
coronaviruses; SARS-CoV-1, MERS and SARS-CoV-2. It 
plays a key role in the virus entry into the cell, viral 
spreading and its pathogenesis (5, 6). Although the 
airways are the main locations for COVID-19 infection, 
the virus can distribute systemically. The epithelial and 
endothelial cells that express the ACE2 receptor are 
the major targets for viral infection (7). Nasoph -
aryngeal epithelium is an early target for the infection 
and plays a role in inflammatory cytokine responses 
through macrophages (8). Cytokine release syndrome 
(CRS) is a form of systemic inflammatory reaction 
triggered by various factors especially infections (9). 
The CRS occurs when pro-inflammatory cytokines are 
released from large numbers of activated leucocytes 
(10). The IL-6 and granulocyte macrophage-colony 
stimulating factor (GM-CSF), which both increase 
during the cytokine storm in the COVID-19 patients, 
regulate monocyte activation (10, 11). The IL-6 is the 
leading stimulator of the most acute-phase proteins 
production and controls monocyte activation and 
differentiation (11). The GM-CSF is another cytokine 
related to the monocyte/macrophage activation that 
has an important influence under inflammatory 
conditions, by promoting neutrophils and monocytes 
proliferation, maturation, and migration (12). The GM-
CSF stimulates stem cells to produce monocytes and 
granulocytes, and promotes migration of mono-cytes 
to the inflammatory sites and differentiation into the 
inflammatory macrophages (13). The extreme 
activation of monocyte-macrophage may cause subs -
equent respiratory failure in the patients with severe 
respiratory infection.  

Ferritin and CRP are used as early markers for 
infections (14) and are highly increased along with 
inflammatory cytokines. The essential measures to 
predict the mortality and severity of COVID-19 
infection are clinical and laboratory biomarkers. 
Leukocyte changes such as neutrophilia, lymphopenia, 
and neutrophil-to-lymphocyte ratio (NLR) (15), could 
be used as predictors for the severity of COVID-19 
infection. The aim of this research was to evaluate the 
associatiation of leukocytes, CRP, and ferritin with 
COVID-19 severity in the patients with positive PCR 
test for the COVID-19. 

Materials and Methods 
Study Population and Laboratory Methods 

This study was conducted by Medical Laboratory 
Group in Tehran during the peak of COVID-19 
epidemic between October 1 and November 28, 2020. 

All subjects were Iranian and lived in Tehran. Susp-
ected patients have been referred to our laboratory 
for Polymerase Chain Reaction (PCR) testing. Nece-
ssary information such as drug use and underlying 
diseases were also recorded. A nasoph-arynx sample 
for PCR was collected. Also, a blood sample was 
obtained from the cubital vein. In all tests, tubes 
without anti-preservative were used for the tests. 
After clot formation, samples were centrifuged for 15 
minutes at 2500 rpm, the serum samples were 
separated and sent to the biochemistry section. Blood 
for CBC test was collected in EDTA K2 anticoagulant 
tubes. After testing daily, patients' serum was stored 
at -20 C for one week. The Cobas 6000 device, Sysmex 
XN 1000 Hematology inurement, real time PCR Roche  
were used for testing. Nasal-pharyngeal swabs and 
venous blood samples  were examined by Medical 
Laboratory Group.  

In this study, CRP was checked using particle 
enhanced turbid metric method, ferritin test with 
method, particle enhanced immune turbid metric 
assay and CBC test with flow cytometry, fluorescent 
technologies. Table 1 shows the information related 
to the normal range and test reading range. The RNA 
samples were extracted using Roje kit (Viga SARS-
COV-2, ROJE Technologies, Iran) and subjected to real-
time Revers Transcription Polymerase Chain Reaction 
(RT-PCR) using Pishtaz-Teb COVID-19 RT-PCR kit 
(Pishtaz-Teb Diagnostics, Tehran, Iran) amplyfying 
RdRP, and N genes as recommended by the manu -
facturer. When two genes were positive, the average 
of the observations was presented as representative 
of overall CT values; while, if only one gene was 
detected, the available value was used to represent 
the observation. According to the manufacturer instr -
uction , the cycle threshold (CT) value ≤ 35 was defined 
as positive. 

 Confirmation of SARS-CoV-2 was achieved by 
RTPCR  assay in accordance with the protocol estab -
lished by the WHO (World Health Organization). 

 Laboratory tests on admission  included complete 
blood count, blood chemistry, and biomarkers 
including leucocyte, neutrophil, lymphocyte, mono -
cyte, eosinophil, platelet, ferritin and CRP. 

Data Extraction 

Data was collected according to a standard protocol 
independently by authors from medical laboratory  
back up system and patient’s questionnaires. In the 
first stage, we included only the laboratory-confirmed 
cases, as the diagnosis was performed by a real-time 
RT-PCR assay to test nasal and pharyngeal swab 
specimens according to the WHO guidance [16].  At 
this stage, 76 women and 74 men had the necessary 
conditions to be included. In the second stage, CBC, 
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biochemistry results, and the questionnaire compl-
eted by the patient were evaluated in terms of 
epidemiological information. We  considered patient 
demographic characteristics  including age and 
gender, comorbidities such as hypertension, diabetes, 
cardiovascular disease, respiratory disease, blood 
group, clinical symptoms including fever, respiratory, 
and digestive symptoms. In the third stage, subjects 
were screened and those lacking baseline examination 
data (n=10) were excluded. At this stage, it was 
determined that 70 women and 70 men had the 
necessary conditions to be examined.  Data was 
analyzed in terms of various variables such as age, 
weight, blood group, leukocyte parameters, neutron -
phil lymphocyte ratio (NLR), CRP, and ferritin tests. For 
a comparison with healthy individuals, we collected 

CBC, CRP, and Ferritin tests results from 140 healthy 
Iranian individual from Medical laboratory data base 
system. 

Statistical Analysis 

Determining sample size for research activities 
provided by Cochran (d=0.05). The Statistical Package 
for Social Sciences (SPSS), version 24, (SPSS Inc., 
Chicago,  IL, USA) was used for data analysis. 
Descriptive statistics were performed to describe 
data. Categorical variables were reported through 
frequencies (percentages) and continuous variables 
were presented as a mean (SD) or median and range. 
For inferential statistical methods, independent t-test 
was conducted. The significance level was considered 
as P-value<0.05 in all analysis. 

 

Table 1. Characteristics of the parameter, reference range (adult group) and methods 

Parameter Reference Range Methods 

WBC (1000/µL) 3.5 – 10.5 

Flow cytometry, fluorescent technologies 

Neutrophil (109 / L) 30 – 70 

Lymphocyte (109 / L) 20 – 50 

Monocyte (109 / L) 4 – 11 

Eosinophil (109 / L) 0 – 5 

Basophile (109 / L) < 1 

CRP (mg/L) < 5 Particle enhanced turbid metric assay 

Ferritin (ng/mL) Male     : 24 – 330 
Female : 11 – 307 Particle enhanced immune turbid metric assay 

NLR < 4.5 Neutrophil lymphocyte ratio 
 

Results 
The mean age in women was 41.5 (23-60) years and 

45.3 (22-68) years in men. Blood groups +O and +A had 
the highest prevalence in patients. Overall, 46% of 
patients had blood group +O and 38% +A. The most 
important clinical symptoms recorded by patients in 
the questionnaire were general symptoms, fever and 
headache, respiratory symptoms such as dry cough, 
gastrointestinal symptoms and anosmia and ageusia. 
Fever and headache (46.6% and 41.6%, respectively) 
were the most common symptoms in patients. 
Meanwhile, 12% of people complained of anosmia 
and ageusia. 

As for laboratory findings, in 15 patients (10.7%), 
CRP value was more than 5 mg/L. These 15 people had 
lung involvement and respiratory symptoms. Analysis 
of patients’ serum ferritin data showed that only 4 
patients (2.8%) had ferritin above the normal range. 

Blood parameters including white blood cell count, 
differential white blood cell count and neutrophil to 

lymphocyte ratio (NLR) were also studied in both 
patients and control group. According to Table 2, the 
mean number of white blood cell count in both men 
and women increased compared with the control 
group. White blood cell count was more than 
10.5×1000/µL in 19 patients (13.57%), and only 2.8% 
of patients had leukopenia. Neutrophil Lymphocyte 
Ratio analysis for each COVID-19 patient revealed that 
19.3% had an NLR greater than 4.5.  

Besides, the mean number of monocytes in both 
male and female subjects of patients group was 
increased dramatically in comparison with control 
group (P=0.04). 

Figure 1 illustrates the abnormality of Monocyte, 
Neutrophil, Lymphocyte, ferritin, and CRP parameters 
in COVID-19 patients in this study. It was found that 
monocyte count was changed more than other 
parameters, in patients. Also, according to the bar 
chart, ferritin had the fewest changes. 

 

Table 2. Patient’s symptoms, biochemistry serum tests, and leukocytes parameters in COVID-19 patients  
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Leukocytes analysis 

Parameters 

Female (n=70) 

Median (SD) 

COVID19 (+) 

Female(n=70) 

Median(SD) 

Control 

P-value 

Male (n=70) 

Median (SD) 

COVID19(+) 

male(n=70) 

Median(SD) 

Control 

P-value 

WBC 

(1000/µL) 
7.8 (2.2) 7.1(1.4) 0.9 8.3 (2.5) 7.2(1.2) 0.9 

Neutrophil   
(×109 /L) 56.6 (10.4) 53.3(5.4) 0.4 55.40 (10.5) 51.7(4.8) 0.4 

Lymphocyte 
(×109 /L) 26.3 (10) 37.1(4.3) 0.6 26. 8 (9.0) 38.4(4.5) 0.8 

NLR 2.8 (1.8) 1.4(0.3) 0.6 2.6 (1.7) 1.3(0.3) 0.7 

Monocyte    
(×109 /L) 13.9 (2.2) 5.3(1.2) 0.04 13.6 (3.0) 5.4(1.2) 0.04 

Acute phase protein 

Test 

Female (n=70) 

Median(SD) 

COVID19(+) 

Female(n=70) 

Median(SD) 

Control 

P-value 

Male (n=70) 

Median (SD) 

COVID19(+) 

male(n=70) 

Median(SD) 

Control 

P-value 

CRP 

(mg/L) 
3.2(3.9) 2.2(1.1) 0.008 4.5(4.1) 2.9(1.6) 0.9 

Ferritin (ng/mL) 140(87) 138(81) 4.0 168(72) 157(61) 0.6 

 

 
Figure 1. Percentage of abnormality of Monocyte, Neutrophil, Lymphocyte, ferritin, and CRP parameters in COVID-19 patients in this study. 
 

Discussion 
The number of COVID-19 patients is increasing 

globally, and asymptomatic patients are one of the 
main sources of infection spread (17-19). Different 
biomarkers such as CRP and ferritin have been 
recognized for this disease severity (20). CRP which is 
correlated with the level of inflammation can be 
served as an early marker of infection (21, 22). It is an 
acute-phase protein and its concentration level is not 
affected by the factors such as sex, age, and physical 
condition (23). CRP levels can be used for the early 
diagnosis of pneumonia, and the patients with severe 
pneumonia have shown high levels of CRP [24]. Our 
study findings were consistent with the recent public-

cations (24-26), which showed that the CRP level on 
admission was a sensitive and early indicator for the 
COVID-19 severity. Our results highlighted that 10.7% 
of the patients had CRP levels higher than 5 mg/L and 
they had respiratory involvement. CRP levels were 
positively correlated with the lung lesion and disease 
severity (27). This suggests that, CRP level could be 
used as an indicator of disease severity in the early 
stage of COVID-19. 

In our study, only 2.80% of patients had higher fer-
ritin levels than the normal reference range. In studies 
on ferritin levels in COVID-19 patients, only in patients 
with acute conditions, ferritin levels were very high. In 
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one study with twenty COVID-19 patients, it was 
found that  individuals with severe and very severe 
COVID-19 infection exhibited  increased serum ferritin 
level (28). Chen et al. analyzed the clinical charact-
eristics  of 99 patients and reported that 63 of them 
had serum ferritin  levels above the normal range (29).  

One of the main specifications of ARDS is cytokine 
storm, which is a lethal excessive systemic inflamm-
atory response, caused by the production of high 
levels of pro-inflammatory cytokines, such as TNFα, 
IL6, IFNα, IL1β, IFNγ, IL18 and IL12 (30).  

The COVID-19 patients have shown the lowest and 
te highest counts of lymphocytes and neutrophils, 
respectively (25). Several studies have confirmed that 
increased pro-inflammatory cytokines and dysregul-
ation of the immune response may play a critical role 
in lymphopenia induction, which is one of the 
hallmarks of severe SARS-CoV-2 infection (31).   

In this study it was found that the average number 
of neutrophils in patients with COVID-19 was 
increased. Among them, 14.30% had neutrophil cou-
nts higher than 70 × 109, while the average number of 
lymphocytes in these patients decreased and 28.5% of 
patients had a lymphocyte count less than 20 ×109. As 
in other studies, an increase in neutrophils and a 
decrease in lymphocytes have been observed in 
patients with COVID-19. 

Neutrophil-to-lymphocyte ratio (NLR) is a simple 
and good marker to assess the inflammatory status 
(15). A number of studies have stated that NLR, which 
is a clinical inflammation biomarker is augmented 
which is predictive of severe illness in the early stage 
of SARS-CoV-2 infection (32). Wang et al. also showed 
that several patients with COVID-19 infection have a 
rising neutrophil count and a falling lymphocyte count 
during severe phase of this infection (33). Overall, in 
our study 19.3% of patients had higher NLR than 
normal reference range. 

In the present study,  based on the analysis of 
monocytes results, we found significant increases in 

monocytes count in COVID-19 patients. According to 
the results the average number of monocytes 
increased and 78.4% of them had monocyte counts 
higher than normal reference interval range 11 × 109. 

Our findings were consistent with the recent 
publications, which indicated that monocyte may be a 
sensitive marker for rapid triage of patients suspected 
to COVID-19 infection (34). Monocytes and 
macrophages play significant role in operating early 
inflammatory reactionsby the innate immune system 
(35). Zhang et al., provided important data 
highlighting the potential contribution of monocytes 
to the viral cytokine storm during SARS-COV-2 
infection. They also suggested a possible role of shifts 
in the monocyte subpopulations in mediating severity 
of the disease (36).  

Conclusion  
COVID-19 is a respiratory disease induced by SARS-

COV-2 virus and may progress to ARDS, hyper 
inflammation, and leukocytes count changes. White 
blood cells and acute phase proteins provide a 
window on the systemic immune response. In the 
present study, based on the analysis obtained from 
140 Iranian patients with COVID-19 we analyzed 
biochemistry parameters and white blood cell count in 
COVID-19 positive patients. The purpose of this study 
was to evaluate acute phase proteins and white blood 
cells according to routine tests. We found significant 
increases in monocyte count, meanwhile lymph-
openia was observed in patients. Besides, in patients 
with respiratory symptoms, CRP was significantly 
higher than normal reference range.  
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 COVID-19 مبتلا به عفونت  یرانیا  ماران ی در ب نی تیو فر    CRPها، ت ی لکوس يپارامترها

 ی مقطع ۀ مطالع کی
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 2  روس یحاد کرونا و  یدر اثر سندرم حاد تنفس COVID-19 ریکرونا به نام همه گ  روسیو  يماریب:  زمینه و اهداف
(SARS-CoV-2)   مطالعه با هدف    نیقرار داده است. ا  ریکشور در سراسر جهان را تحت تأث  200از    شی شود، که بی م  جادیا

 مشکوك به  مارانیب  تشخیص در  کمک به سهولت    يبرا  ترس در دس  عیساده و سر  یشگاهیآزما  یستیز  ينشانگرها   ییشناسا
COVID-19 انجام شد. 

 آذرماه تا    مهرماه که از    ماریب  140  یشگاهیو آزما  یکیولوژی، اتین یبال  يهاپروتکل استاندارد، داده   کی  بنا بر:  مواد و روش کار
  PCRي هاش یتحت آزما   SARS-CoV-2  عفونت ، براي تشخیص ابتلا به  رانیتهران، ا،  یپزشک  شگاه یدر گروه آزما  1399سال  

جمع گرفتند،  پارامترهاشد  يآورقرار  پروتئتیلکوس  ي.  فرC   (CRP)  نی،  ب  ن یتیو سطح  مثبتبا    مارانیدر   PCR نتیجۀ 
COVID-19  شد يریگاندازه . 

  مردان   در  و  سال)  23-60(  41/ 5  زنان  در  سندر مطالعه وارد شدند. متوسط   19کووید   مبتلا به عفونت  ماریب  140ها:  یافته
وجود   يداریتفاوت معن  تی و مونوس  ت ی، لنفوسل ی، از نظر تعداد نوتروف RT-PCR جهنتی  اساس  بر .  بود  سال)  22  -68(  45/ 3

به کلداشت.  تع  یطور  مبود L /  910    ×11  از  شیب  مارانبی  ٪72/ 8   يهاتیمونوس  داد،  لنفوس  نیانگی.   لینوتروف  تینسبت 
(NLR) 1/ 8(   2/ 8زنان    يبرا=SD(   2/ 6و  )1/ 7=SD  (ماریب  15مردان بود. فقط در    يبرا  )سطح  تنفسی  علائم  با)  ٪10/ 7 ، 

CRP بود تر یگرم در لیلیم 5از  شیب   

با علائم  مارانیشد. در ب گزارش در نتایج ز ین ی. لنفوپنمشاهده شدها تیدر تعداد مونوس یقابل توجه شیافزا: گیرينتیجه
 .بود یعیمرجع طب ة بالاتر از محدود یطور قابل توجهبه  CRP، یتنفس

،  PCR Real Time،  ی، لنفوپننی توکیکرونا، سندرم رهش س  روس ی، ویحاد تنفس  سترس یسندرم د  :هاواژه   کلید
 یتنفسسندرم حاد 
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