(R,

HEHTPAJIHA MEJIMIIMUHCKA BUBJIMOTEKA

=g ME/[MIHCKN YHUBEPCUTET — CODU

OBIIIA

MEJIUIIAH

GENERAL MEDICINE

PEJAKLIMOHHA KOJIET'US
A. Tloctamkusit (TIaBeH PeaakTop)

P. Acenosa (cekperap)
B. MamxoBa

B. Ilenuera

J1. TamsiHOB

E. [llunkoBeHcka

WB. MwiianoB

K. Yepnen

M. bonuesa

I1. AaToHoB

P. bumokos

EDITORIAL STAFF

A. Postadjian (Editor-in-Chief)
R. Assenova (Secretary)
V. Madjova

V. Pencheva

D. Damianov

E. Shipkovenska

Iv. Milanov

K. Chernev

M. Boncheva

P. Antonov

R. Bilyukov

1. Unluoglu (Turkey)
M. Mojkovic (Serbia)
M. Ungan (Turkey)

J. Stofters (Netherlands)

Cnucanmnerto ce 00padoTBa BbB:

EBSCO
Scopus
Excerpta Medica

B/l bprarapcka MeIMIUHCKA JJUTEpPaTypa

Tom X X1V o

2022 .

OO01a mex.
Obshta med.

BPOM 4



CbAbPXAHUE

ABTOPCKU CTATUMU
B. Ma+dosa, P. CmeghaHos. 30paBHONPOMOTUBHN AEVHOCTU

Ha nekapwuTe no obLua AeHTanHa MeguumnHa npy geua

C XEMOMUITIM .ttt ettt et ettt e e bt e s 3
M. HoHeesa, M. umumposa, M. Kamywesa, 3. Mumkosa, K. Tawkos,

I Nemposa, A. Nemposa, B. [NeH4yesa. [ bnrocpovHO

nacnenBaHe Ha naumeHT ¢ XOBB B Bbarapust .........cccceeees 10
WN. MnadeHosa, K. locrnoduHos, C. Tuweea. KpalibrbnHUST kaMmbk

B NpeBeHUMsTa — KoM AnarHocTuumpa aucnunugemusita

B ©XKEOHEBHATA MPAKTUKA ...eeiuvianiieaneeeieeasieesieeeieesieeesieesieeennns 17
E. TpeHOacgpunosa, E. Jumumposa, E. Kocmosa, bn. KapamaHyesa,

b. Ipuzoposa, b. Jumumpos, [. Aspamos, [. KameHosa,

. MNMonos, []. Cnasos, I. [ocrioduHosa, U. Xadxues,

Xp. batives, M. AHmosa, M. CmosiHos, [1. KameHosa,

I1. Mlopdarosa, C. Hamesa, C. [eopauesa, C. [oHzanosa.

[MoBeaeHve Npu NpeacbpAHO MbXAEHE — Gbnrapcku

NPOCMNEKTUBEH PErMCTbP Ha NaLMEHTU C HEKNanHo

npeacbpaHo MbxaeHe — BG-AF (cpaBHeHne

€ BALKAN-AF 2015 1) oottt 22
1. Mauesa, M. Bacunesa, B. AmaHacosa, Cm. Xapu3aHosa,

A. busonapcka. Puckosu caktopu 3a 3gpaBeTo,

CBbpP3aHu CbC CTUMNA Ha XUBOT Mpu GbAeLy MeauLMHCKN

cneumanucT — CpaBHUTENHO Npoy4YBaHe Npu Gbnrapcku

N YyXXOECTPaHHU CTYAEeHTU

KNMAHUYHU CNYYHAU

WN. MnadeHosa, K. locrnoduHos, C. Tuweea. MoHa Jlusa B HawweTo
CbBpEMUE: NaLMEHT C hamuIHa XeTepo3nroTHa
XUNEPXONECTEPONMEMMST. ... ieeeeneeeeieeeeneeeeeeeseeebeeenneesseeeneeas 39

1. Cmanyes, E. beyesa, 1. AHmoHos, I. Ljueaposcku, P. AceHoea.
MaumneHT ¢ meTabonuTeH cuHapoMm, 3axapeH anabet Tvn 1
1 CMHOPOM Ha YynnuBaTa X-XxpoMo30Ma — KIUHWUYEH cryyail..... 43

OB30PU
B. Muna+os. Ty6epkynosa ¢ niekapcTBeHa pe3MCTEHTHOCT —
CbBPEMEHHMN TEPANEBTUYHN PEXUMU U ONpedeneHus
33 UBXOL, OT NMTEUEHUETO ......veeneevieieeniesteenieseesaeeneestesreeeesseeneennas 47
P. Komumosa, M. AmaHacosa. Yetnpu gecetunetusa HIV/CIMUH —
KpaTka XpoHUKa Ha eiHa naHaemust

rOCTYBALY ABTOP

b. Unkoecka, b. Komescka-TpugpyHosa, 1. Aepamoscku.
CbOTHOLLEHNETO Ha HeYyTPOUNN U MIMMQOLMTM U HUBOTO
Ha C-peaKTVBEH NPOTEWH MNP TEXKU CNPSIMO HETEXKN
nauneHtn ¢ COVID-19 B CeBepHa MakeOoHNS ...........ccveenes 63

CONTENTS

ORIGINAL ARTICLES
V. Mandova, R. Stefanov. Health promotion activities

of general dentists for children

With hemophilia ..o 3
M. Doneva, M. Dimitrrova, M. Kamusheva, Z. Mitkova, K. Tachkov,

G. Petrova, D. Petrova, V. Pencheva. Long-term study

of patients with COPD in Bulgaria...........c.cooveiiiinicnciinenn, 10
Y. Mladenova, K. Gospodinov, S. Tisheva. The cornerstone

of prevention — who diagnoses dyslipidemia

in everyday PractiCe ..........oouviierieiiieeieesiee e 17
E. Trendafilova, E. Dimitrova, E. Kostova, B. Karatancheva,

B. Grigorova, B. Dimitrov, D. Avramov, D. Kamenova,

D. Popov, D. Slavov, G. Gospodinova, I. Hadzhiev,

H. Baichev, M. Antova, M. Stoianov, P. Kamenova,

P. Yordanova, S. Nateva, S. Georgieva, S. Gongalova.

Management of atrial fibrillation — Bulgarian

prospective registry — BG-AF in comparison

With BALKAN-AF ... 22
P. Gatseva, M. Vasileva, V. Atanasova, St. Harizanova,

A. Bivolarska. Health risk factors associated

with the future medical specialists

life style — comparative study

among Bulgarian and foreign

students ...

CASE REPORTS
Y. Mladenova, K. Gospodinov, S. Tisheva. Mona Lisa at present:
a patient with familial heterozygous
hypercholesterolemia............cocveeiiiieiieiiiecee e 39
P. Stanchev, E. Becheva, P. Antonov, G. Tsigarovski, R. Asenova.
A patient with metabolic syndrome, type 1 diabetes
mellitus and fragile X syndrome — a case report .............c....... 43

REVIEWS
V. Milanov. Drug-resistant tuberculosis — current drug

regimens and definitions

of treatment oUtCOME .........ccoiiiiiiiic 47
R. Komitova, M. Atanasova. Four decades of HIV/AIDS —

a short chronicle of one pandemic ....

GUEST AUTHOR

B. llkovska, B. Kotevska-Trifunova, P. Avramovski. Neutrophil to
lymphocyte ratio and C-reactive protein level
in severe versus non-severe COVID-19 patients
in North Macedonia...........couiiiiiiiiiiieceee e 63

OBLWA MEOVLIVHA 4/2022
ISSN 1311-1817 YOK 611

OpraHusauuoHeH cekpetap: Cs. LigemaHosa

CTunoBa pepakums u kopekuusi: B. Libkneea, []. TaHyesa
Pepakuusi Ha aHrn. pestomera: B. Koses

Ctpanupane: O. Mapkosa

MNoanucaHa 3a neyat Ha 07.09.2022 r.

LleHTpanHa meamumnHcka 6ubnuoteka
1431 Codoms, yn. "Cs. I. Cocburickm™ Ne 1

® 952 16 45, 952 23 93, e-mail: s.tsvetanova@cml.mu-sofia.bg

CnucaHneTo 1 n3gaTensT He HoCAT OTrOBOPHOCT 3a U3N0XEeHUTe
B ny6n|/||(auv|v|Te ABTOPCKN MHEHUA 1 CTaHOBULLA,

KaKTO 1 3a AOCTOBEPHOCTTA Ha npeAcTtaBeHnTe

OT aBTOpUTE OaHHWU.

ABTOpUTE 3anassBaT BCUYKM HEKOMEPCUanHU npasa
BbpXy NyGnvKyBaHWTE CY TEKCTOBE.

The journal and the publisher are not legally responsible for the
author opinions and statements expressed in their publications,
as well as for the accuracy and sources of data, to which authors
refer in their publications.

Authors retain all the intellectual property rights on their own
publications, except the publishing and commercial rights.



NEUTROPHIL TO LYMPHOCYTE RATIO AND C-REACTIVE PROTEIN LEVEL
IN SEVERE VERSUS NON-SEVERE COVID-19 PATIENTS IN NORTH MACEDONIA

B. llkovska', B. Kotevska-Trifunova? P. Avramovski®

'Department of Laboratory Medicine, PHO Clinical Hospital Dr. Trifun Panovski — Bitola, North Macedonia
2Department of Dermatovenerology, Acibadem Citi Clinic UMHAT Tokuda — Sofia, Bulgaria
3Department of Internal Medicine, PHO Clinical Hospital Dr. Trifun Panovski — Bitola, North Macedonia

CbOTHOWEHUWETO HA HEYTPO®UITU U TUMPOLIUTU U HUBOTO
HA C-PEAKTUBEH NMPOTEWH NPU TEXKU CMPAMO HETEXKW NALUUEHTU
C COVID-19 B CEBEPHA MAKEAOOHMUA

bB. Unkoecka', b. Komeecka-TpugyHoea?, 1. Aepamoecku®

"OmdeneHue ,JlabopamopHa meduyuHa“, O3U KnurHuyHa 6onHuya ,-p TpugbyH MNaHoscku”— bumorsi, CeeepHa MakedoHusi
20OmoeneHue ,[lepmamoseHeporioausi®, Adxwbadem Cumu Knunuk, YMBATT ,Tokyda“— Cogpusi, bbreapus
3OmodeneHue ,,BbmpewHra meduyuHa“, O3U KnuHuyHa 6onHuua ,[d-p TpugbyH MNaHoscku®— bumons, CesepHa MakedoHusi

Abstract. Background. Coronavirus disease 2019 (COVID-19) infection is a significant health problem
facing the world community since early 2020. This disease is highly contagious and has a broad spectrum
of clinical manifestations. Aims: This study aimed to investigate NLR and CRP to identify potential clinical
predictors and analyze differences among the severe and non-severe COVID-19 patients. Laboratory
monitoring of certain parameters such as CRP, leukocyte and platelet count is invaluable and crucial for
all cases of COVID-19. Study Design: A single-center retrospective study was conducted on the recruited
patients who were referred to Clinical Hospital, Bitola, North Macedonia, from January to April, 2022. Material
and Methods: Serum CRP level as well as plasma D-dimer level were measured according to standard
methods using Abbott Alinity Ci analyzer. Complete blood counts (white blood cell, neutrophil, lymphocyte
and platelet counts) were measured in EDTA-anticoagulated blood samples using Sysmex XS1000i analyzer
(Sysmex). Afterwards, the NLR value was calculated for each of the patients. Results: Data of 200 patients
(94 female, 106 male) were evaluated. The mean age was 66.63 + 49.49 years in the group with severe
patients and 51.45 + 19.01 years in the group of non-severe patients. Compared with the patients with a
non-severe COVID-19 infection, the severe COVID-19 patients had higher levels of CRP, D-dimer, NLR,
platelets, neutrophil count and lower levels of lymphocyte and hemoglobin. In the correlation analysis of NLR
and CLR indices as inflammatory biomarkers in the COVID-19 patients, a positive correlation was observed
between NLR values and CRP in the severe vs non-severe COVID-19. Also, NLR significantly correlated
with D-dimer, hemoglobin and platelets in the severe vs non-severe COVID-19 patients.

Key words: COVID-19, CRP, NLR, neutrophil

Pe3rome. BreedeHue. Hbekyusima ¢ KopoHasupycHama 6onecm 2019 (COVID-19) ce npesbpHa 8 3Ha4um
30paseH rpobnem 3a ceemosHama obujHocm om Havanomo Ha 2020 2. 3aborisieaHeMo e CUuIHO UHGheKUU-
03HO U UMa WUpPOK Ouara3oH Ha KrnuHu4yHume nposisu. Ljen: Llenma Ha uscnedsaHemo e Oa ce aHanusupam
NLR u CRP, 3a da ce ycmaHogsim rnomeHyuanHume KnuHuU4HU npedukmopu u 0a ce onpedensim pasnukume
Mex0y mexkume u Hemexxkume navyueHmu ¢ COVID-19. JTabopamopHuUsim MOHUMOPUH2 Ha crieyugbuyHu rna-
pamempu kamo CRP u Husomo Ha neskoyumume u mpomboyumume ugpae HeoueHuUMa U pewiasauja possi
npu scuyku crydau Ha COVID-19. fQu3aliH Ha uscnedeaHemo: [Tposede ce eOHOUEHMPOBO PempOoCekmus-
HO MpoyYsaHe Ha PekpymupaHu nayueHmu, Koumo ca Haco4eHu kbM KnuHuyHa 6onHuya, bumons, CesepHa
MakedoHusi, om siHyapu 0o anpun 2022 2. Mamepuan u memodu: CepymHume Husa Ha CRP u nnasmeHomo
Hugo Ha D-Oumep b6sixa usmepeHu no cmaHdapm+u memoodu ¢ anapam Abbott Alinity Ci. 3ebpwu ce udcned-
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g8aHe Ha Mb/IHama KpbB8Ha KapmuHa (bpol Ha negkoyumume, Heympodguniume, numgoyumume U mpom-
boyumume) 8 KpbBHU Mpobu, aHmukoazynupaHu ¢ EDTA, 4ype3 anapam Sysmex XS1000i (Sysmex). Crned
moea ce us4yucsu cmotiHocmma Ha NLR 3a eceku nayueHm. Pe3ynmamu: V3sbpuwu ce aHanu3 Ha 0aHHUmMe
Ha 200 nayueHmu (94 xeru, 106 mbxe). CpedHama eb3pacm 8 epyrnama ¢ mexku nayueHmu bewe 66,63 +
49,49 2. u 51,45 + 19,01 2. 8 epynama ¢ Hemexku rnayueHmu. [lpu cpagHeHUemo ¢ nayueHmume ¢ Hemex-
ka COVID-19 uHgbekyusi ce ycmaHosu, 4e mexkume COVID-19 nayueHmu umam rno-8ucoku Huea Ha CRP,
D-0umep, NLR u 6poli Ha mpomboyumume u Heympoghusiume, Kakmo U MOo-HUCKU HU8a Ha siumMgboyumume
u xemoernobuHa. lNpu KopenayuoHHuUs1 aHanu3 Ha uHOekcume NLR u CLR kamo eb3nanumernHu buomapkepu
npu COVID-19 nayueHmu ce ycmaHo8U MonoxumerHa Kopesnayus mexdy cmotiHocmume Ha NLR u CRP
npu mexwuk crpsimo Hemexbk COVID-19. OceeH mosa, NLR kopenupa 3Ha4umo ¢ D-Oumepa, xemoarnobuHa
u mpomboyumume npu Mexku cripsimo Hemexku COVID-19 nayueHmu.

Knroyoeu dymu: COVID-19, CRP, NLR, Heympogunu

INTRODUCTION

Coronavirus disease 2019 (COVID-19) infec-
tion is a significant health problem facing the world
community since early 2020. This disease is highly
contagious and has a broad spectrum of clinical
manifestations [1]. COVID-19 patients are classified
according to clinical presentation of disease as mild,
moderate, severe and critical. The main criteria for
classification of patients are involvement of lung and
severity of pneumonia [2]. Although 81% of the cas-
es have a mild course, a severe course is observed
in 14% of cases and a critically severe course is
observed in 5% [3]. Prognosis is poor and mortality
is high in critically severe cases [4]. Fever, cough,
dyspnea, fatigue, and myalgia are among the clini-
cal symptoms, and the ground-glass appearance
on computed tomography is accepted as the typical
finding [5]. Its pathogenesis includes the inflamma-
tory process associated with vasculitis, the comple-
ment cascade and pro-inflammatory cytokines, and
the process results in serious organ damage, par-
ticularly lung and cardiovascular damages [6].

C-reactive protein (CRP) is a widely used diag-
nostic marker primarily used to assess ongoing in-
flammation. It appears in blood within 6-10 hours of
a tissue-damaging event and decreases exponen-
tially over 18-20h [7]. The complete blood count is
the most available, efficient, and economic exami-
nation. Moreover, peripheral white blood cell (WBC)
count and neutrophil (NEU)-to-lymphocyte (LYM) ra-
tio (NLR) are indicators of the systematic inflamma-
tory response [8]. Recent studies have shown that
inflammatory markers like C-reactive protein (CRP),
and immune-cell-based inflammatory indices such
as neutrophil to lymphocyte ratio (NLR), were signifi-
cantly associated with adverse disease outcomes of
COVID-19 and have been considered useful indica-

tors for diagnosis and prognosis of various infectious
diseases, including COVID-19 infection [9].

Several previous studies have been performed
on neutrophils, lymphocytes, and CRP in COVID-19
patients [10, 11], but little is known about their associ-
ation with disease severity in North Macedonia. This
study aimed to investigate NLR and CRP to identify
potential clinical predictors and analyze differences
among severe and non-severe COVID-19 patients.
Laboratory monitoring of certain parameters such as
CRP, leukocyte and platelet count is invaluable and
crucial for all cases of COVID-19.

MATERIAL AND METHODS

Participants

A single-center retrospective study was conduct-
ed on recruited patients, who were referred to Clinical
Hospital, Bitola, North Macedonia, from January to
April, 2022. Positive COVID-19 patients were clas-
sified into two groups based on their clinical reports
(non-severe and severe). According to clinical symp-
toms, CT findings, and laboratory results we classi-
fied patients as follows: 100 patients were listed as
non-severe and 100 had developed into severe infec-
tion. Data for each patient, such as age and gender,
was collected from medical records. Blood samples
were collected for laboratory assessments, includ-
ing complete blood counts with differential count and
CRP levels. All COVID-19 cases had positive PCR
test results in collected nasopharyngeal swab sam-
ples to detect SARS-CoV-2. Serum CRP level as well
as plasma D-dimer level were measured according
to standard methods using Abbott Alinity Ci analyzer.
Complete blood counts (white blood cell, neutrophil,
lymphocyte and platelet counts) were measured in
EDTA-anticoagulated blood samples using Sysmex
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XS-1000i analyzer (Sysmex). Afterwards, NLR values
were calculated for each of the patients.

Statistical Analysis

IBM 22.0 version was used for statistical anal-
ysis. The Mann-Whitney U-test was used for non-
parametric analysis. Descriptive analyses were
presented as a mean and standard deviation. The
chi-square and Fisher’s exact test were employed
for categorical analyses. Variables were compared
using Student’s t test. P < 0.05 was considered sig-
nificant.

RESULTS

Data of 200 patients (94 female, 106 male) were
evaluated. The mean age was 66.63 + 49.49 years
in the group with severe patients and 51.45 £ 19.01
years in the group of non-severe patients. Among
them, 29% were in the age range of 15 to 49 years,
28% were in the age range of 50 to 64 years and
43% were older than 65 years. The common labora-
tory indicators such as lymphocyte, neutrophil, WBC,
CRP and D-dimer were achieved from the enrolled
200 patients and compared between the severe and
non-severe patients.

Table 1. Demographic and laboratory characteristics of
severe and non-severe COVID-19 patients

Severe Non-severe

Variables (n = 100) (n =100) P
Gender:
Males 57 49
Females 43 51
Age, mean = SD 66.63 +49.49 | 51.45+19.01
1549y 13 46
50-64 y 22 35 0.0046
265y 65 19
White Blood Cell
count, mean + SD 10.45+ 1.06 6.24 + 0.42 < 0.0001

(10°L)

Hemoglobin,

mean + SD (g/l) 135.77 + 41.01

146.12+13.43 | 0.0174

Platelate,

312.67 £ 65.76 | 243.13 £ 167.58 | 0.0002
mean = SD

Neutrophil count

mean £ 8D (10°L) 8.35+ 3.1 373+021 | 0.0001
Lymphocyte count

meon £ 9D (1071 146 +5.9 178 +049 | 0.5895
CRP, mean £ SD 37.11+37.47 | 17.52+3217 | 0.0001

(mgll)

D-dimer, mean + SD

(FEU ng/ml) 3271.87 + 1052 | 854.03 + 115.25 | < 0.0001

NLR, mean + SD 11.75+1.03 242 +0.43 < 0.0001

Table 1 shows baseline demographic and labo-
ratory characteristics of the severe and non-severe
COVID-19 patients. There were many significant dif-
ferences in the parameters of baseline characteris-
tics between the severe group and the non-severe
group. The patients in the severe group had older
average age (66 vs. 51 years; p = 0.0046). Com-
pared with patients with non-severe COVID-19 in-
fection, severe COVID-19 patients had higher levels
of CRP, D-dimer, NLR, platelets, neutrophil count
and lower levels of lymphocyte and hemoglobin.

The results showed that the median lymphocyte
value of the severe patients was lower than that of the
non-severe patients (1.48 vs 1.78 x 10°%L; P < 0.589),
while the median neutrophil value of the severe pa-
tients was quite higher than non-severe patients
(8.35 vs 3.73 x 10%L; P < 0.0001). In addition, the
median NLR value of the severe patients was dra-
matically higher than non-severe patients (11.75 vs
2.42; P < 0.0001). Plasma CRP levels were higher
in severe cases than in the non-severe, and this dif-
ference was significant (p = 0.0001).

The NLR value equal to 5 was a boundary
value worthy of reference, and more than 60% se-
vere patients had an NLR value greater than 5 and
over 93% non-severe patients had an NLR value
less than 5. In the correlation analysis of NLR and
CLR indices as inflammatory biomarkers in the
COVID-19 patients, a positive correlation was ob-
served between NLR values and CRP in the severe
vs non-severe COVID-19 patients (t = 4.61477 vs t
=4.92334, p <0.00001). NLR was also significantly
correlated with D-dimer, hemoglobin and platelets
in the severe vs non-severe COVID-19 patients (t =
12.5638, t=69.71364, t = 31.66096 vs t = 38.65221,
t=126.88709, t = 38.65221, p < 0.00001).

In the presented Fig. 1 and Fig. 2 is seen the
correlation between the NLR and CRP levels in the
severe and non-severe COVID-19 patients.

DiscussION

As far as we know, this is the first study that inves-
tigates NLR and CRP as inflammatory biomarkers in
severe and non-severe COVID-19 patients in North
Macedonia. This study demonstrated that severe CO-
VID-19 patients had significantly higher NLR, WBC,
platelets, neutrophils and D-dimer values and lower
hemoglobin and lymphocytes compared with the pa-
tients with non-severe COVID-19 infection.

In many studies, it has been observed that ad-
vanced age is the main factor in hospitalization risk.
This study showed significant differences between
the average age of the severe and non-severe cases

OBLA MEOVLIMHA, 24, 2022, Ne 4
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Fig. 2. Correlation between NLR with CRP levels in non-severe COVID-19 patients

(66.63 £ 49.49 vs. 51.45 + 19.01 years; p = 0.0046).
The severe cases group had a significantly higher
average age than the non-severe cases group. This
finding is supported by the results of a previous
study conducted by Yang et al. and Ou et al. [12, 13].
Advanced chronological age is one of the main risk
factors for the adverse outcomes of COVID-19, pre-
sumably due to immunological changes that occur
during the aging process (immunosenescence and
inflammation), both characteristic of the elderly [14].

There is a positive relationship between NLR and
CRP levels. Our results showed that increased NLR

is a sign of COVID-19 progress and can lead to more
severe disease. Recently, NLR was extensively inves-
tigated for its role in assessing prognosis and severity
of COVID-19 infection. In studies and meta-analyses
on NLR-related COVID-19, it has been reported that
high neutrophil count and decreased lymphocyte
count and NLR are useful in predicting disease sever-
ity [15]. In a study, in which 548 COVID-19 cases were
analyzed, it was reported that increased neutrophil
count and NLR were found in critically ill patients and
the cases with mortality, and low eosinophil, lympho-
cyte and platelet counts were observed during hos-
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pitalization of these cases [16]. NLR is widely used
marker and defined by neutrophil count divided by
lymphocyte count. The NLR index was found to be an
indicator of prognosis in patients with pneumonia and
tumors [17]. The findings have proven the hypothesis
of the present study and suggest that elevated NLR
is a functional biomarker that influences the progres-
sion of infection with COVID-19. These findings are
supported by previous studies that have backed up
the prognostic utility of NLR in COVID-19 patients [12,
18]. Ding et al. [19] found that NLR index positively
correlated with the length of hospital stay and has a
role in predicting the prognosis of disease for CO-
VID-19 patients. Another study reported an elevated
NLR in non-survivors than survivors and the magni-
tude of rising was correlated with severity of illness.
The relationship between NLR and infectious dis-
eases is well-known. An explanation for this relation-
ship may be that the neutrophil is a part of leukocytes
that arises from the venous system and is transmit-
ted to the immune system [20]. Neutrophils generate
large amounts of reactive oxygen species and could
save the cell from the virus by inducing DNA damage
[21]. An excessive and uncontrolled cytokine produc-
tion plays an important role in the pathogenesis of
COVID-19 pneumonia. The virus enters the alveolar
cells via angiotensin converting enzyme 2 receptors
and triggers the release of inflammatory factors from
the cells resulting in activation of macrophages in the
alveolar tissue [22, 23]. The inducing factors and che-
mokines released from macrophages cause the ac-
cumulation of mononuclear cells in the lung tissue.
Extreme infiltration of inflammatory cells induces a cy-
tokine storm leading to acute lung injury and ARDS,
the severe consequences of COVID-19 pneumonia
[22].

Laboratory abnormalities such as decreased
platelet, lymphocyte and increased neutrophil count
and CRP level were reported in COVID-19 patients
[24]. WBC and its differential counts including lym-
phocytes and neutrophils are associated with the
inflammation and immune systems [25]. Platelets,
which are anucleate blood cells produced from mega-
karyocytes in the bone marrow, play an important role
in the host inflammatory and immune responses as
well as regulation of hemostasis and thrombosis [26].
In the present study, we found that severe COVID-19
patients had lower lymphocyte and higher neutrophil
counts and CRP levels than the non-severe group.
Moreover, Li et al. [27]. reported that increased neu-
trophil percentage and CRP level and decreased lym-
phocyte counts were closely related to the severity of
COVID-19 pneumonia. CRP, a positive acute phase

protein, is one of the markers reflecting the systemic
inflammatory response of body [28]. Previous stud-
ies have shown that CRP levels can be used for the
early detection of patients with pneumonia, which
had higher levels of CRP than others [29]. In line with
these findings, in this study, CRP levels were signifi-
cantly correlated with disease severity. This means
that CRP levels can be considered a warning factor
for the progression of COVID-19. This study found
that CRP concentration was significantly higher in the
severe than non-severe cases. This finding is consis-
tent with the results in the study of Qin et al. [30]. CRP
is the principal downstream mediator of the acute-
phase response following an inflammatory event and
is primarily synthesized by IL-6-dependent hepatic
biosynthesis. CRP levels are correlated with inflam-
mation, and its concentration level is not affected by
factors such as age, sex, and physical condition. Our
present data indicated that the disease severity and
progression were related to systemic inflammatory
response severity. In the current study, a significantly
higher CRP level (p = 0.0001) was observed in severe
COVID-19 patients compared with the non-severe
group, as previously reported by other studies [9].

Continuous dynamic monitoring of reliable clini-
cal and laboratory indicators will help identify a sub-
set of patients with COVID-19 developing severe
disease which can contribute to an early control of
this disease and a good clinical prognosis. The re-
sults showed that the age of COVID-19 patients is
an important factor influencing the development of
a patient’s condition. A routine blood test is easy to
conduct almost in every hospital and medical testing
laboratory, and among which, neutrophil and lym-
phocyte are two key indexes that are evidently af-
fected by SARS-CoV-2 infection and demonstrated
to be with significant differences in the severe and
non-severe patients with COVID-19. NLR is calcu-
lated according to the specific value of neutrophil-
to-lymphocyte, which can amplify the value of neu-
trophil and lymphocyte. Routine analyzes such as
NLR and CRP and their integration can lead to im-
proved prognosis and are therefore recommended
as a valuable early marker for assessing prognosis
and evaluating the severity of clinical symptoms in
patients with COVID-19.

CONCLUSION

The COVID-19 pandemic continues to affect the
world with increasing case and mortality rates. In
this study, the correlation of leukocyte count, neu-
trophil absolute count, NLR and CRP with inflamma-
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tory markers was determined. NLR and CRP were
observed to be predictive in cases with hospitaliza-
tion. Future studies are needed regarding the role
of these biomarkers in the pathogenesis of the dis-
ease. Our results showed that NLR and CRP are sig-
nificantly higher in patients with severe COVID-19,
and they could be effective biomarkers in predicting
COVID-19 severity.
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