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Interferon-Gamma Inducible Protein-10: Not a Mortality Marker for COVID-19 Disease

Interferon-gamma ile indii"klenebilir Protein-10: COVID-19 Hastalig1 icin Bir

Oliim Gostergesi Degildir

"Mahmud ISLAM, 'Hamad DHEIR, 2Elif OZOZEN SAHIN, 3Selcuk YAYLACI, *Abdulkadir AYDIN, Musa
PINAR, *Ertugrul GUCLU, *Ahmed Cihad GENC, “Mehmet KOROGLU, Oguz KARABAY

'Division of Nephrology, Medical Faculty of Sakarya University, Sakarya, Tiirkiye
*Department of Microbiology, Medical Faculty of Sakarya University, Sakarya, Tiirkiye
3Department of Internal Medicine, Medical Faculty of Sakarya University, Sakarya, Tiirkiye
“‘Department of Family Medicine, Medical Faculty of Sakarya University, Sakarya, Tiirkiye
SSakarya University, Department of Infectious Diseases and Microbiology, Sakarya, Tiirkiye

Mahmud Islam: https://orcid.org/0000-0003-1284-916X
Hamad Dheir: https://orcid.org/0000-0002-3569-6269
Elif Ozsozen Sahin: https://orcid.org/0000-0002-8873-2884
Selcuk Yaylaci: https://orcid.org/0000-0003-0663-586X
Abdlkadir Aydin: https://orcid.org/0000-0003-0663-586X
Musa Pinar: https://orcid.org/0000-0001-8164-6302
Ertugrul Guclu: https://orcid.org/0000- 0003-2860-2831
Ahmed Cihad Genc: https://orcid.org/0000-0002-7725-707X
Mehmet Koroglu: https://orcid.org/0000-0001-8101-1104
Oguz Karabay: https://orcid.org/0000-0003-1514-1685

ABSTRACT

Objective: Interferon-gamma inducible protein-10 (IP-
10) released from macrophages is associated with throm-
bosis. We aimed to investigate patients' biochemical
markers following severe COVID-19, concentrating on
the role of IP-10 in mortality.

Materials and Methods: In our study, we retrospectively
evaluated data from 88 (females, 44.3%) severe patients
followed in our university hospital's intensive care unit
(ICU). We obtained demographic and laboratory data
from our study population's files and electronic records,
including D-dimer, ferritin, uric acid, IP-10 values, and
other biochemical markers.

Results: The mean age of all 88 patients with COVID-19
infection followed in the ICU was 70.5 +10 years. The
median for lymphocyte count was 1.3 (1-2.1) vs 0.8 (0.5-
1.1) K/uL, ferritin 151 (90.7-255) vs 624 (296-1254) mcg/
L, D-dimer 386 (293.5-650) vs 1280 (871-2245) ug/L,
LDH 220 (185-286) vs 429.5 (368-560) U/L with a p-
value of <0.05 in survivors vs non-survivors respectively.
On the other hand, the level of IP-10 was 21.3 (13.2-31.6)
vs 26.6 (11.4-43.6) pg/mL with a p-value of 0.04.
Conclusion: In this study, in which non-survivors and
survivors were compared in severe COVID-19 patients, it
was found that ferritin and D-dimer were good predictors
of mortality, while IP-10 could not be a predictor of mor-
tality.
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Amag: Makrofajlardan salinan interferon-gama indiikle-
nebilir protein-10 (IP-10) tromboz ile iliskilidir. Bu ¢alis-
ma, siddetli COVID-19 nedeniyle takip edilen hastalarin
biyokimyasal belirteglerini ve IP-10'un mortaliteyi goster-
medeki roliinii aragtirmay1 amagladi.

Materyal ve Metot: Bu calismada iiniversite hastanesinin
yogun bakim iinitesinde (YBU) takip edilen 88 (Kadin %
44,3) agir hastanin retrospektif verileri degerlendirildi. De-
mografik ve laboratuvar verileri ile D-dimer, Ferritin, Urik
asit, [P-10 degerleri ve diger biyokimyasal belirteclere iligkin
veriler 6len ve yasayan hastalarin dosyalarindan elde edildi.
Bulgular: Yogun bakimda takip edilen COVID-19 enfeksi-
yonlu 88 hastanin yas ortalamas1 70,5 +10 idi. Hayatta kalan
gurupta, lenfosit sayist 1,3 (1-2,1) K/uL, ferritin 151 (90,7-
255), D-dimer 386 (293,5-650), LDH 220 (185-286) iken,
Olen hastalarda ise, lenfosit sayis1 0,8 (0,5-1,1), ferritin 624
(296-1254) mcg/L, D-dimer 1280 (871-2245) ug/L, LDH
429.5 (368-560) U/L saptandi. Bu parametrelerde p degeri
<0,05 idi. Buna karsilik, hayatta kalmayanlarda serum IP-10
seviyeleri hayatta kalanlar da 21,3 (1,2-31,6) pg/mL iken
Olen hastalarda 26,6 (11,4-43,6) pg/mL, p=0,04.

Sonug: Siddetli COVID-19 hastalarinda hayatta kalmayanlar
ve hayatta kalanlarin karsilagtirildigi bu ¢alismada, ferritin,
ve D-dimerin mortalite i¢in iyi bir tahmin edici potansiyeli
oldugu, IP-10'un ise bir belirleyici olamayacagi bulundu.
Anahtar Kelimeler: Biyobelirteg, COVID-19, IP-10, morta-
lite
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INTRODUCTION

Early symptoms of patients with the new Corona-
virus disease 2019 (COVID-19) are fever, nonpro-
ductive cough, and fatigue. Still, it is closely related
to multi-organ failure and high cytokine levels in
severe patients.! Cytokine levels determine the
course of symptoms. Cytokine production is related
to individual immune function; therefore, some pa-
rameters may have a predictive role in estimating the
severity of the COVID-19 course. The clinical spec-
trum of COVID-19 ranges from simple to severe and
critical.? Criteria and indications for ICU admission,
intubation, and therapy changed dynamically with
time during the pandemic.

The host immune response against COVID-19 plays
a principal role in the pathogenesis and progression.”
Serum concentrations of proinflammatory cytokines
are strongly associated with disease outcomes and
are increased in patients with severe disease.’ In
severe cases, stimulated expression of inflammatory
cytokines, especially TNF-a and Interleukin 6, is
associated with lymphopenia, T-cell depletion, and
increased macrophage and neutrophil counts, indi-
cating immune pathways and cell distribution.’

In critical OVID-19 patients, inflammatory factors
such as interleukins, colony-stimulating factor, inter-
feron, tumour necrosis factor, growth factor, and
chemokines usually increase.® Most cytokines are
produced by T lymphocytes, fibroblasts, and mono-
nuclear macrophages, which are, in turn, affected by
them. Cytokines usually mediate inflammation;
however, IL-10 has an anti-inflammatory effect.
After natural killer cells (NK) and T cells are acti-
vated, proinflammatory cytokines and chemokines
such as interferon-gamma inducible protein-10 (IP-
10) increase. IP-10 is secreted via endothelial cells,
monocytes, and adipose tissue. In a recent study,
serum levels of interleukins (4, 19, and 1), MCP-1,
and TNF-a were significantly higher in patients with
COVID-19 compared to disease free.” However, the
level of IP-10 levels was significantly lower in
COVID patients.” IP-10 is associated with throm-
bosis. "**. Covid-19 was also described as a multior-
gan disease with microthrombosis resulting from
damage to the microvascular system."* In our study,
we aimed to evaluate the role of several laboratory
parameters, including IP-10, to determine whether
they have any predictive role regarding the mortality
of COVID-19 in patients followed up in our institu-
tion.

MATERIALS AND METHODS

Ethical Approval: We obtained ethical committee
approval from the Sakarya University Faculty of
Medicine Ethical Committee (Date: 28.12.2020,
decision no: E-71522473-050.01.04-619); we con-
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ducted our study per the Declaration of Helsinki.
Study: Our study is a retrospective, single-center
study involving 88 severe (39 female and 49 male)
COVID-19 patients recruited from the ICU of our
university hospital in Sakarya, western Tiirkiye. We
included adult patients over 18 years who fulfilled
COVID-19 disease severity criteria (Those with ox-
ygen saturation less than 90 and or breathing more
than 30 breaths per minute despite >5 litre O2 sup-
port). We excluded those under 18 years, those with
a history of malignancy or evidence of bacterial in-
fection on ICU admission, and those immunocom-
promised.

Study Group: Our population included surviving
and deceased COVID-19 patients admitted to the
ICU. Clinical information and laboratory results
were collected at the earliest time after hospitalisa-
tion. We split our patients into survivors (n=44) and
non-survivors (n=44). To study IP-10, serum sam-
ples of the patients were drawn on the first day of
ICU admission and then stored at -80 degrees. All
serum IP-10 levels were measured using an ELISA
kit. Clinical symptoms, COVID-19, and laboratory
test results were analysed retrospectively.

Follow-up of Patients and Treatment Protocol: The
diagnosis was made based on the constantly updated
TR Ministry of Health's and COVID-19 diagnosis
and treatment guidelines parallel to updated interna-
tional guidelines.

COVID-19 RNA Detection and Measurement of IP
-10: Nasopharyngeal swabs were tested using com-
mercial reagent kits designed detection of SARS-
CoV-2 RNA by PCR. Ready-made commercial kits
(Bioxcen, Tiirkiye) were used for the test. Tests of
samples were carried out in compliance with the
manufacturer's instructions.

Measurement of Human IP-10 (CXCL 10) Levels:
Collected samples were sent to our microbiology
laboratory in yellow serum separate tubes (SST)
biochemistry tube and centrifuged at 4000 rpm for
10 minutes. Collected serum samples were frozen
and stored at -80°C until investigated for IP-10 using
the micro-ELISA test. Using the ELISA kit, the lev-
el of Human IP-10 CXCL10 (Abcam Ltd, Cam-
bridge, UK) was determined in an automatic micro-
ELISA device (Grifols, Triturus, Spain). The micro-
ELISA test procedure was carried out according to
the manufacturer's (Abcam, Cambridge, USA) in-
structions. The serum levels of IP-10 were meas-
ured quantitatively by subtracting the cut-off and
calibration curves. The detection range of the kit
used is 12.5-800 pg/ml, with an analytical sensitivity
of 2.6 pg/mL.

Outcomes and Other Tests: All information regard-
ing patient outcomes and routinely monitored labor-
atory data were taken from hospital records and the
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hospital management system.

Statistical Analyses: A descriptive analysis was per-
formed to provide information on the general char-
acteristics of the study population. We used Visual
(probability plots, histograms) and analytical meth-
ods (Kolmogorov-Smirnov/Shapiro-Wilk's test) to
evaluate the normality of distribution. To compare
normally distributed variables, we used mean and
standard deviation. For non-normally distributed
variables, the descriptive analyses were presented
using median and interquartile range (IQR). We
used the student's t-test for parametric variables and
the Mann-Whitney U test for nonparametric ones.
The categorical variables were presented as the fre-
quency (% percentage). Categorical variables be-
tween the two groups were evaluated using used Chi
-square test. Automated analyses were performed by
SPSS statistics software (IBM SPSS Statistics, Ver-
sion 21.0). P-value <0.05 was considered significant.

RESULTS
This study included 88 patients (44 females & 44
males) confirmed by PCR. The mean age was 70,5
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+10 years. We divided the patients into the Survivor
(Group 1) and the non-survivor groups (Group 2).
The mean age of group 1 was 69.1 £ 9.5 years, while
72 + 10.3 years in group 2. The male sex ratio was
50.0% (n=22) and 61.40% (n=17) in group 1 and
group 2, respectively. In the non-survivor group, the
history of both COPD (n=9; 25%) as well as CKD
(n=8; 18,2%) was higher than in the survival group.
The non-survivor patients had lower lymphocyte
accounts, higher neutrophil accounts, higher uric
acid, higher alanine aminotransferase (AST), and
lower serum albumin than survived patients. On the
other hand, Troponin-I, CRP, and procalcitonin lev-
els were higher than the survivor group. The median
of IP-10 serum levels of all patients was 23.1 pg/mL
(11.8-35.7). The median IP-10 level of the non-
survived group was 26.6 pg/mL (11.4-43.6), where-
as 21.3 pg/mL (13.2-31.6) in the survived group.
However, this difference was statistically insignifi-
cant (Table 1).

As illustrated in Figure 1, the Level of ferritin and D
-dimer was prominently higher in the nonsurvivor
group (p=0,0). This was minimal concerning IP-10

Table 1. Characteristics and results of Survivor and non-survivor groups.

Survivor Group

Non-survivor Group

All patients

Characteristics (n- 44) (n- 44) (n- 88) P

Age. Mean + SD 69.1+9.5 72+10.3 70.5+10 0.177
Sex Female, n (%) 22 (50.0) 17 (38.60%) 39 (44.3%) 0.283

Male, n (%) 22 (50.0) 27 (61.40%) 49 (55.7%) ’

Fever * 5(11.4) 11 (25.00%) 16 (18.2%) 0.097
Cough * 12 (27.3) 21 (47.70%) 33 (37.5%) 0.048
COPD * 1(2.3) 9 (20.50%) 10 (11.4%) 0.007
Chronic kidney disease * 2 (4.5) 8 (18.20%) 10 (11.4%) 0.044
WBC (K/uL) ** 5.5(4.5-7) 8.2 (5.3-10.9) 6.2 (4.9-9) 0.000
Hemoglobin, Mean + SD, (gr/dl) 12.6+1.8 12.1+1.9 12.3+1.9 0.192
Platelet (K/uL) ** 168.2 (134.5-201) 182 (139.5-257) 177(135-223.5) 0.223
Lymphocyte count (K/uL) ** 1.3 (1-2.1) 0.8 (0.5-1.1) 1.1 (0.7-1.8) 0.000
Neutrophil, (K/uL) ** 3.3(2.4-4.5) 6.3 (3.9-9.1) 4.3 (2.9-6.7) 0.000
Uric acid, Mean +SD, (mg/dl) 5.9+1.7 7.243.2 6.5£2.6 0.037
AS, median (U/L) ** 25.5(21.9-38.3) 41.5 (25.5-71) 31.5(22.7-48.5) 0.008
Serum albumin, median (gr/L) ** 39.9 (32.6-43) 31.5(26.9-33.2) 33.1 (30-39.9) 0.000
LDH (U/L) ** 220 (185-286) 429.5 (368-560) 310 (214.5-448.5) 0.000
Total cholesterol (mg/dl) ** 169 (134-204.5) 136 (121-156) 150 (125-181) 0.008
LDL-cholesterol (mg/dl) ** 114 (97.5-139.5) 85 (69-111) 103 (78-128) 0.000
HDL-cholesterol (mg/dl) ** 38 (33-46) 35 (26-40) 36 (30-42) 0.037
D-Dimer (ug/L) ** 386 (293.5-650) 1280 (871-2245) 774 (377.5-1540) 0.000
Troponin (ug/L) ** 4.7 (1.7-9.7) 29.7 (11.7-101) 11.5 (4-40.9) 0.000
Ferritin (mcg/L) ** 151 (90.7-255) 624 (296-1254) 296 (135.5-653) 0.000
C-reactive protein (mg/L) ** 19.5 (6.2-68.4) 118 (65.3-167.5) 65.3 (16.5-128) 0.000
Procalcitonin (ng/mL) 0.1 (0-0.1) 0.3 (0.2-0.6) 0.1 (0.1-0.3) 0.000
Fibrinogen (mg/dL) ** 337 (285-394) 409 (354-462) 376.5 (298-434) 0.003
IP-10 (pg/mL) ** 21.3(13.2-31.6) 26.6 (11.4-43.6) 23.1(11.8-35.7) 0.406

AST: Alanine aminotransferase; COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein; IP-10: Interferon-gamma
inducible protein-10; LDH: Lactate dehydrogenase; WBC: White blood cells. IQR: Interquartile range; *: Sshown as n, (%); **: Shown
as IQR.
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levels (p=0,406). The mean values of D-dimer &
Ferritin are dramatically different, while the differ-
ence is not prominent for IP-10.

Mahmud Islam ve ark. (et al.)

DISCUSSION AND CONCLUSION

In most COVID-19-positive patients, a localised,
short-lived immune response is sufficient to clear
the virus from the lungs, after which the immune

B sSURVIVORS [l NON-SURVIVORS

1500

* P<0.05

1000

500

D-DIMER *

FERRITIN *

IP 10

Figure 1. Comparison of survivors and non-survivors according to parameters indicating COVID-19 severity.

response subsides, and the patient recovers.' It is a
hyperinflammatory condition that may lead to acute
lung injury, ARDS, or multiple organ failure, with
mortality of up to 15% in such patients. A more hy-
perinflammatory response is seen in deceased pa-
tients.” This study aimed to reveal different indica-
tors that determine mortality in the data obtained
from 88 patients. Cough, COPD, chronic kidney
failure, leukocytosis, lymphopenia, low LDL, high
D-dimer, high CRP, and high fibrinogen have been
shown as significant predictors of determining mor-
tality in many studies. All these high factors are as-
sociated with hyperinflammation.

Patients who died in our study had more cough com-
plaints, more COPD history, and more chronic renal
failure history. In addition, lymphopenia, increased
uric acid value, low albumin, and high LDH were
remarkable in our dying patients. Different research-
ers in different studies have demonstrated these pa-
rameters. Again, high ferritin levels are unprecedent-
ed in patients who died in D-dimer tests." Accord-
ing to our findings, ferritin and D-Dimer levels are
higher in patients with a mortal course associated
with organ damage. Ferritin is an acute-phase pro-
tein that can be excreted from destroyed cells. Ele-
vated ferritinemia can result from impaired liver
activity or metabolic syndrome. COVID-19 patients
with abnormal ferritin levels have a higher risk of
liver damage and severe disease, and previous stud-
ies have shown liver damage in COVID-19 pa-

tients."!

It has been shown that proinflammatory cytokines
may affect uric acid excretion or serum uric acid
levels.'? This study found that patients with a mortal
course had a significantly higher uric acid level. Uric
acid is an important antioxidant that scavenges free
radicals and reactive oxygen species. Therefore,
more inflammation occurs, producing more oxidants
in severe COVID-19 patients. The high uric acid
levels may be correlated with the anti-inflammatory
effect of protecting the body. IP-10 (CXCL10) is a
chemokine with multiple actions. It is important in
attracting Th1l lymphocytes, monocytes, and natural
killer cells. It is also involved in chemotaxis, apopto-
sis, and regulation of cell growth. It has a role in the
immune system. It was identified as a significant
biological marker mediating disease severity."> IP-
10 is particularly interesting as its expression pattern
in COVID-19 patients differs from that observed in
traditional viral infections. It has been reported that
IP-10 rises rapidly but transiently in viral infections
like the common cold, while its concentrations often
remain high throughout the COVID-19 course.'
Different researchers have reported that IP-10 may
effectively indicate the severity of COVID-19. Sev-
eral studies pointed to IP-10 as a marker of COVID-
19 progression.'* For example, a study including 74
COVID-19 patients from China reported IP-10 and
MCP-1 as parameters that may indicate mortality.'
In another study from China evaluating 41 patients,
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plasma levels of IL-2, IL-7, IL-10, IP-10, GSCF,
MCP-1, TNFo, and MIP-1A were higher in ICU
patients."”> However, this study did not demonstrate
any correlation between IP-10 and mortality. Our
results showed that the IP-10 levels were 26.6 pg/
mL in the non-survivors versus 21.3 pg/mL in the
survivors, with no statistical difference between
groups. The main reason for the difference between
our study's results and other studies seems to be due
to the comparison of those admitted to the ICU for
more severe diseases and who were already prone to
death with those who survived. In Yu Chen et al.
study, they compared critically ill patients with se-
verely ill ones in the ICU.! On the other hand, other
studies compared patients admitted to the ICU with
those in the wards or those with different clinical
pictures.'®!

According to these results, IP-10 may be a good
biomarker for predicting the progression of the
COVID-19 patient newly admitted to the hospital.
Still, it may not be a good biomarker for the COVID
patients followed in the ICU.

Our study has some limitations. Being partially ret-
rospective, depending on available health records,
we do not have full information about the time lag
between the first symptoms and application to the
outpatient clinic or admission to ICU. In conclusion,
comparing non-survivors and survivors of COVID-
19 disease, it was determined that while ferritin, uric
acid, and D-dimer were good indicators to show
mortality, IP-10 could not be a marker for mortality.
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