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ABSTRACT

Objectives: The coronavirus pandemic was associated with a high mortality rate in the Republic of North
Macedonia. Finding early markers of the disease’s severity may predict outcomes and guide the treatment
of the disease. The aim of our study was to evaluate the role of inflammatory markers in predicting the
outcome of COVID-19 in hospitalized patients.

Methods: The study included 104 PCR-confirmed COVID-19 patients who underwent hospital treatment
at the Institute of Lung Diseases and Tuberculosis in Skopje, North Macedonia, between November 2020
and May 2021. Inflammatory markers were assessed in all patients and correlated with the disease severity
and outcome in terms of survival or death.

Results: IL-6 and LDH at admission were significantly elevated in patients with a severe or critical form
of'the disease and among non-survivors. In addition, IL-6 showed 87.9% of sensitivity and 61.8% of spec-
ificity for distinguishing non-survivors from survivors with a cut-off value of 21.7 pg/ml in the receiver
operator curve (ROC). Procalcitonin was significantly increased in non-survivors. Parallel to the increase
of disease severity, the values of CRP and LDH increased significantly during hospitalization.

Conclusion: The results of the study indicate that a significant association exists between the highly
increased levels of CRP, LDH, IL-6 and procalcitonin and the severity of the disease and mortality in
COVID-19 patients. Their measurements and follow-up during the course of the disease could be used as
predictors for prognosis and outcome but also as a subject for targeted therapy.
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INTRODUCTION

Infection ranges from asymptomatic to severe
The corona virus disease-19 (COVID-19) and critical forms of the disease [1]. The dif-

is caused by severe acute respiratory syn-
drome-Coronavirus-2 (SARS-CoV-2), a novel
coronavirus which belongs to the Betacoronavi-
rus, and is responsible for the current pandemic.

ferences in the clinical presentation are mainly
attributed to the differences of the immune re-
sponse [2]. Due to the critical role of inflamma-
tion and proinflammatory cytokines in the patho-
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genesis and progression of COVID-19, many au-
thors have investigated the role of inflammatory
markers in predicting the severity of COVID-19
as well as the disease outcomes [3—5]. The con-
clusions of these studies that analyze the associa-
tion of the inflammatory markers with the severi-
ty of COVID-19 are inconsistent [6].

The mortality rate from COVD-19 in our
country shows higher numbers compared with
other countries. Taking this as a starting point,
we conducted a study to evaluate the role of in-
flammatory markers in predicting the outcome
of COVID-19, and their use as a guide for more
aggressive medical treatment which may bring a
better outcome in severe or critical forms of the
disease.

MATERIAL AND METHODS

This is a retrospective study conducted at
the Institute of Lung Diseases and Tuberculosis in
Skopje, between November 2020 and May 2021.
During this period, the Institute was operating as
one of the state’s COVID-19 centers in the Re-
public of North Macedonia and was used for di-
agnosis and in-hospital treatment of COVID-19
patients. One hundred and four patients, aged
>18 years, who were treated for COVID-19 in
the intensive and semi-intensive care unit, have
been included in this study. The demographic
laboratory data and course of disease and out-
comes were collected from the medical records.
In all patients, the coronavirus infection with
SARS-CoV-2 was confirmed in respiratory spec-
imens (nasal and/or pharyngeal swab) by reverse
transcription polymerase chain reaction (RT-
PCR) tests. At admission, all comorbidities of
the patients were noted in their medical records,
and blood samples were analyzed for a complete
blood count, renal and liver function tests, C-re-
active protein, Interleukin-6, procalcitonin, ferri-
tin, lactate dehydrogenase (LDH), D-dimer and
creatinine kinase (CK). For the analyzed vari-
ables, the reference values were as follows: CRP
less than 6 mg/l, IL-6 less than 4.4pg/ml, ferritin
less than 300ug/l, D-dimer less than 500ng/ml,
procalcitonin less than 0.5ng/ml, LDH less than
248U/L, and CK from 24 U/L to 173U/L.

During patient follow-up, laboratory anal-
yses were repeated based on indications and/or
the medical condition of each patient. According

to WHO criteria [7], the severity of the patient's
condition was classified as mild, moderate, se-
vere, or critical. Patients’ outcome in terms of
survival was noted as “recovery” or “death”.

Statistical analysis

Data was analyzed using SPSS 20.0. Quan-
titative variables were represented as mean = SD
or median. Qualitative data were presented as
numbers and percentages. The chi-square test was
used to determine the differences among the qual-
itative data. All research results were processed
using a one-way analysis of variance (ANOVA).
The Bonferroni post-hoc test was used for testing
the significance between pairs of means. The re-
ceiver-operating characteristic (ROC) was done
to determine the cut-off value of IL-6, ferritin and
LDH order to predict the outcome in COVID-19
patients. The P-value of less than 0.05 was con-
sidered as statistically significant.

RESULTS

Table 1 shows the demographic and labora-
tory analyses of a total number of 104 patients with
COVID-19 (63.5% males and 36.5% females).
From the total number of patients, 69.23% sur-
vived and 77.88% have comorbidities. According
to WHO criteria for severity [7], 55 (52.88%) had a
mild to moderate form, 14 (13.46%) were severely
ill and 35 (33.65%) were critically ill patients.
Table 1. Demographic and laboratory analyses of
patients with COVIDI19

N =104 patients
Age (mean £SD) 58.56+12.8 years
Gender
Male (%) 66 (63,5%)
Female (%) 38 (36,5%)
Disease severity
Mild to moderate (%) 55 (52.88%)
Severe (%) 14 (13.46%)
Critical (%) 35 (33.65%)
Laboratory parameters
(median)
CRP 74 mg/l
LDH 441 U/L
CK 103 U/L
1IL-6 24 pg/ml
Procalcitonin 0.087 ng/ml
Ferritin 965.5 ug/L
Number of comorbid diseases 1
. . (0-4)
median (min-max)
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In male patients, LDH, IL-6, ferritin at
admission, and levels of CRP during treatment
were significantly increased in patients with a
severe and critical form of the disease. LDH, IL-
6, procalcitonin (PCT), and ferritin at admission
and CRP during the treatment were significantly
elevated among non-survivors. Non-survivors
have significantly more comorbidities than sur-
vivors. (Table 2)

There was a statistically significant dif-
ference in the disease severity between mild to
moderate and critical form, depending on the
patient’s age. In addition, there was a statistically
significant difference in the level of CRP during
the second checkup in patients with a critical
form, compared to patients with a mild to mod-
erate form and patients with a severe form of

the disease. Related to the level of LDH in the
second and third checkup, there was a statistical-
ly significant difference between patients whose
severity was mild to moderate, compared to pa-
tients with the severe form of the disease (Table
3). Statistically significant differences in other
laboratory parameters between patients with mild
to moderate, severe and critical disease forms
were not found.

The ROC curve analysis of 1L-6, ferritin,
and LDH showed a good sensitivity of 87.9%,
75% and 88.2%, respectively, with a cut-off value
of21.7,948, and 357, respectively, in predicting
the outcome of COVID-19. Of all markers, IL-6
appears to have an 87.9% sensitivity and a 61.8%
specificity (Figures 1-3).

Table 2. Association between disease severity and laboratory parameters

Disease severity Outcome
Mild to Critical P Recover ’
moderate Severe (N=14) _ value | peath (N=32) - y -value
¢ (N=34) (N=72)

(N=55)
Age 53.58+12.3 59.0+8.6 66.24+11.6 032 | 5478117 66.24+11.6 0.0001
Gender (male) | 34 (61.8%) 9 (64.3%) 23 (67.6%) 001 | 21(65.6%) 45 (62.5%) 0.85
CRP (mg/l) 88.49+78.9 74.20+42.6 108.58+75.9 | 027 | 85.29+72.1 108.58+75.9 | 0.135
CRP 2 (mg/l) | 11.03x12.4 32.03448.7 81.07+67.3 0.002 | 16.86+28.5 81.07+67.3 0.001
LDH (U/L) 381.82+141.0 | 534.14+280.1 | 586.70+255.4 | 0.046 | 411.30+188.8 | 586.70+255.4 | 0.001

828 .80+

CK (U/L) 279.00£4792 | 155.33£136.6 | 828.80+3440 | 046 | 2483244272 | 3 0% 0.214
IL-6 (pg/ml) 34.12+70.9 954041663 | 129.68+2959 [ 0.07 | 46.26+99.62 | 129.68+295.9 | 0.038
fnrg‘;;‘:)'“t"“"' 0.1096:0.093 | 0.1024+0.062 | 0.5963x1.66 | 0.15 | 0.107+0.085 | 0.596+1.663 | 0.049
Ferritin (ug/L) | 963.9£661.0 | 965.04820.2 | 1792.442095.3 | 0.045 | 970.0+683.9 | 1792.4+2095.3 | 0.012
Comorbidity | 0.65£0.775 121+ 1.477 121£1.095 | 0023 | 0769 121£1.0 0.036

The displayed results are mean+SD

Table 3. Bonferroni-test for the difference in clinical presentation depending on the age and inflammatory markers

Abbreviations: 1: Mild to moderate; 2: Severe; 3: Critical condition; CRP_2: CRP at the third checkup,

Age 2 3
6.043 13.285%*
2 7.242
CRP 2 2 3
20.957 69.801*
2 48.843%*
LDH 1 2 3
89.573 223.122%
133.549
LDH 2 2 3
1 260.013* 335.529*
2 75.516

LDH_1: LDH at the second checkup, LDH_2: LDH at the third checkup
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Figure 1. Receiver operator curve analysis of IL-6 as a predictor of COVID-19 outcome
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Figure 2. Receiver operator curve analysis of ferritin as a predictor of COVID-19 outcome
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Figure 3. Receiver operator curve analysis of LDH as a predictor of COVID-19 outcome
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DISCUSSION

In our study, we have analyzed the asso-
ciation between the inflammatory markers and
other laboratory parameters as well as patient
outcomes, in patients with COVID-19. Our re-
sults showed elevated values of IL-6, LDH, and
ferritin at admission, as well as elevated CRP
during treatment in patients with a more severe
clinical course and those with a poor clinical
outcome (i.e. death).

Males predominate as patients with
COVID-19, and are therefore associated with
a more severe form of the disease, similar to
the study by Sakthivadivel et al. (2021) [6]. The
proportion of middle-aged patients with co-mor-
bidities was significantly higher among non-sur-
vivors in comparison with survivors [13, 14].

Other studies showed significantly higher
CRP levels in COVID-19 patients that showed
severe illness compared to mild or non-severe
form of the disease [9, 15-20]. In our study, we
recorded a significant increase of CRP values
during hospitalization. There was a statistically
significant difference in the CRP values during
the second follow-up after admission in patients
with the critical form of COVID-19, compared
to patients with a mild to moderate form and
patients with a severe form of the disease. CRP
at the second follow-up was significantly higher
in patients with a severe form and in non-survi-
vors, which indicates that it could be used as a
risk-prediction marker of disease progression in
COVID-19 patients.

LDH was not considered a classical mark-
er of inflammation, but severe infections were
found to provoke cytokine-mediated tissue dam-
age as well as LDH release [24]. In our study,
LDH levels at admission and during the entire
hospitalization were significantly higher in pa-
tients with serious and critical levels of the dis-
ease. Related to the levels of LDH upon second
and third follow-up, there was a statistically sig-
nificant difference between patients with mild to
moderate compared to patients with severe forms
of the disease (Table 3). For that reason, elevated
LDH levels can also be considered as a predictor
of progression to severe form of the disease and
higher mortality rates in COVID-19 [8, 25].

Interleukin-6 is an acute-phase inflam-
matory cytokine whose levels become elevated

within 2-3 hours of infection, and represents the
severity of infection and poor clinical outcome in
COVID-19 patients [26]. We found a significant
elevation of IL-6 in severe and critical forms of
the disease, and in non-survivors. Furthermore,
IL-6 has the greatest sensitivity in predicting
mortality among COVID-19 patients. Our results
are in accordance with those of Sakthivadivel
et al. (2021) [6], and demonstrate the potency
of IL-6 as a predictor for disease severity and
mortality in patients with COVID-19.

Many studies have also highlighted a
strong association between elevated levels of
procalcitonin and a severe form of COVID-19
[21-23]. Our study has found procalcitonin as a
marker for the worst outcome (i.e., death): pro-
calcitonin levels were statistically significantly
increased in non-survivors.

Patients with a critical form of the dis-
ease were older and with comorbidities, with
increasing levels of CRP and LDH during the
disease course. This finding is in line with the
recent reports showing that high levels of CRP,
procalcitonin, D-dimer, LDH, and ferritin are as-
sociated with a more severe clinical course, and
they are able to predict poor outcome and prog-
nosis [8—12]. Statistically significant differences
in other laboratory parameters between patients
with mild to moderate, severe and critical disease
forms of COVID-19 have not been found.

CONCLUSION

The results of this study indicate that there
is a significant association between highly in-
creased levels of CRP, LDH, II-6, and procalci-
tonin and the severity of the disease and mortality
in COVID-19 patients. Their measurements and
follow-up during the course of the disease could
be used as predictors of prognosis and outcome,
but also as a reference for targeted therapy
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Pe3ume

IHOBP3AHOCTA HA UH®JIAMATOPHUTE MAPKEPU
CO TEKMHATA HA BOJIECTA 1 UCXOAOT KAJ TAIMEHTH CO KOBHU/-19

Adexcanapa Anekcocka I'y3enoBa', Basentuna Besikocka HakoBa?,
3opnua HanoBuk"*, Mapuja MeronueBa', Anexcannpa JopranoBuk Crojkockal,
Huxona Yamyposckn', Baagumup Mutpeckn', Ciarana Cumeonoa KpcreBcka™**

! UuctutyT 3a Benoapobuu 3abonyBama u Tydepkyao3a, Ckormje, PC Makenonuja

2 Vausepsutet lone Jenues, [tun, PC Makenonuja

3 Menmunuscku dakynret, Yauepsurer CB.Kupuia u Meroauj, Cromje, PC Makenonuja
* VauBepsurercka Kimunnka 3a I'maekomoruja u Akymepctso Ckorje, PC Makenonwuja

Hesu: [Tannemujara co KOpoHa-BUPYCOT OellIe MOBp3aHa co BUCOKa cTanka Ha cMpTHOCT Bo PC Ma-
kenoHuja. Co mpoHaorame MapKepH 3a paHa AWjarHoCTHUKA Ha TeKUHATa Ha 00JIeCTa, MOXKE /1a Ce IPEIBUIN
MCXOJIOT M 1a C€ HACOUM TpeTMaHOT Ha Oonecra. LlenTa Ha cTyaujara e ia ce oueHH ynorara Ha uHGIa-
MaTOPHHUTE MapKepH Bo NpeaBuayBame Ha nucxonot og KOBU/L -19 kaj xocnuraau3supaHuTe MaUeHTH.

Metonu: Bo crynmjara 6ea Bxurydenu BkymHO 104 PCR-notBpaenn namment co KOBU/I-19, kon
0ea XOCTIUTATHO TpeTHpaHu Bo MHCTUTYTOT 3a OenonpoOHH 3a0omyBama U Tyoepkyso3a Bo Ckorje, PC
Maxkenonnja, mery HoemBpu 2020 1 maj 2021 ron. MudmamaropauTe Mapkepu Oea aHAIM3UPaHH Kaj CUTE
MAIMEHTH U CIIOPEJECHHU CO TeXMHaTa Ha 00JIecTa ¥ CO UCXOAO0T BO OMHOC HA MPEKUBEAHN WU IOYMHATH.

Pesyararu: [Ipu mpuem, IL-6 u LDH Oea 3HaunTEeTHO MOKAYCHH K] MMAIIMEHTUTE CO TEITKA M KPH-
tryHa hopma Ha 6oecta u Mer'y HenpexuBeanute. JlomomanrtenHo, [L-6 mokaxka 87,9 % ceH3UTHBHOCT U
61,8 % criennpuIHOCT 32 pa3INKyBamkbe HA HEPEIKUBEAHNUTE OJT MPEKUBCAHUTE CO TPAHUTHA BPESITHOCT O
21,7 cnopen ROC-kpusara. [IpokanuTonud Oerre 3HaYUTETHO OKa4eH Kaj HerpeknBeanuTe. [ lapanenno
CO 3rOJIEMYyBambETO Ha TeKMHATa Ha Oonecta, BpenHoctute Ha CRP u LDH curandukantHo ce mokadyBaa
3a BpeMe Ha XOCTIHTaIN3aIjara.

3akuay4ok: Pe3ynrarure oj] cTy/ujara oKaKyBaar Jeka oCTOU 3HauajHa IIOBP3aHOCT MET'y BUCOKO
nokadenure Bpennoctu Ha CRP, LDH, IL-6 u prokalcitonin, co TexkuHara Ha 0ojiecTa 1 MOPTAJIUTETOT Kaj
nanueHtute co Kosua-19. HuBaute Mepema u ciefiermhe BO TEKOT Ha 0ojiecTa MOKe Jla e KOPUCTAT KaKo
MPEBUIYBaYU Ha IPOrHO3aTa U UCXOAOT, HO M KaKO MPEIMET 3a LIEIHA TepaIiuja.

Kayunu 360posu: KOBU/I-19, undpnamaropun mapkepu, CRP, IL-6, LDH, procalcitonin



