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ARTICLE INFO ABSTRACT

Keywords: Accumulating evidence supports that the viral-induced hyper-inflammatory immune response plays a central role
COVID-19 ) in COVID-19 pathogenesis. It might be involved in the progression to acute respiratory distress syndrome
Ejgammatory biomarker (ARDS), multi-organ failure leading to death. In this study, we aimed to evaluate the prognostic value of the

Procalcitonin immune-inflammatory biomarkers in COVID-19, then determine optimal thresholds for assessing severe and fatal

Cytokine storm forms of this disease.153 patients with confirmed COVID-19 were included in this study, and classified into non-

NLR severe and severe groups. Plasmatic levels of interleukin 6 (IL6), C-reactive protein (CRP), soluble-IL2 receptor
(IL2Ra), procalcitonin (PCT) and ferritin were measured using chemiluminescence assay. Complete blood count
was performed by Convergys 3X® hematology analyzer. Our results demonstrated that the peripheral blood
levels of IL6, PCT, CRP, ferritin, IL2Ra, white blood cell count (WBC), neutrophil count (NEU), neutrophil-to-
lymphocyte ratio (NLR), derived neutrophil-to-lymphocyte ratio (d-NLR) were significantly higher in severe
forms of COVID-19. The ROC curve analysis showed that IL6 was the most accurate inflammatory biomarker. The
calculated cutoff of IL6 (42 pg/ml) could correctly classify > 90% of patients regarding their risk of severity (area
under ROC curve (AUROC) = 0.972) and the threshold value of 83 pg/ml was highly predictive of the pro-
gression to death (AUROC = 0.94, OR = 184) after a median of 3 days. Besides, IL-6 was positively correlated
with other inflammatory markers and the kinetic analysis highlighted its value for monitoring COVID-19 pa-
tients. PCT and NLR had also a high prognostic relevance to assess severe forms of COVID-19 with corresponding
AUROC of 0.856, 0.831 respectively. Furthermore the cut-off values of PCT (0.16 ng/ml) and NLR (7.4) allowed
to predict mortality with high accuracy (se = 96.3%, sp = 70.5%,0R = 61.2)’ (se = 75%, sp = 84%, OR = 14.6).
The levels of these parameters were not influenced by corticosteroid treatment, which make them potential
prognostic markers when patients are already undergoing steroid therapy.
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1. Introduction

Since December 2019, the world has experienced an outbreak of
pneumonia caused by the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). This infection, also called coronavirus disease 2019
(COVID-19) has a wide clinical spectrum, encompassing asymptomatic
forms, mild symptoms, and severe forms that can quickly progress to
death [1].

The identification of potential risk factors for disease progression of
COVID-19 is very crucial in order to guide preventive and therapeutic
interventions. Evidence suggests that older age and underlying diseases
are more likely to be associated with COVID-19 hospitalization [2].
Similarly several observational studies have shown that aberrant
immune-inflammatory response and cytokine storm might be respon-
sible of multi-organ failure and fatal progression of COVID-19 [3-6].

Reports describing the immunological features of severe and critical
forms of COVID-19 have revealed a markedly high levels of circulating
inflammatory cytokines, mainly interleukin-6 (IL-6) with elevated blood
concentration of several inflammatory markers including the complete
blood count parameters [7-12]. Moreover, according to autopsy ana-
lyses, the elevated levels of these inflammatory markers seem to be
strongly associated with extensive tissue necrosis and interstitial
macrophage infiltrations in the pulmonary, cardiac and gastrointestinal
tissues of COVID-19 patients [4,13].

The aim of our study is to explore changes of the immune-
inflammatory markers in peripheral blood of patients with different
forms of COVID-19, and to evaluate their prognostic value, then deter-
mine optimal thresholds for assessing severity and mortality of this
disease.

2. Methods
2.1. Study design

We conducted a prospective study on 153 patients recruited from
Beni-Messous teaching hospital (Algiers, Algeria). All patients were
diagnosed with COVID-19 by reverse transcription-polymerase chain
reaction method (RT- PCR) from a nasopharyngeal swab, between
March 22 and June 16, 2020. Our patients were classified based on the
severity of symptoms according to the World Health Organization
(WHO) interim guidance for COVID-19 [14]‘ into mild (n = 34), mod-
erate (n = 39), severe (n = 33) and critical (n = 47) types.

For our work, we have resembled our patients on two principal
groups: non-severe group (n = 73, mild and moderate) and severe group
(n = 80, severe and critical). In the severe group, note that: 21 patients
received corticosteroid therapy during their hospitalization, and 38
patients have succumbed to the disease. The steroid treatment consisted
of administering dexamethasone in a dosage of 8 mg intravenously per
day for 10 days.

The patients were divided into three groups [Non-severe group (n =
73)’severe group without steroid therapy (n = 59) and severe group
with steroid therapy (n = 21)] when taking into account the adminis-
tration of corticosteroid treatment.

Demographic and clinical information were collected from medical
records, and informed consent was obtained from all the participants.

In order to study the dynamic change of interleukin-6 in COVID-19
infection, the level of this cytokine was measured twice in serum sam-
ples of 27 patients (16 non-severe and 11 severe), with a delay of 5-10
days.

2.2. Laboratory examination of blood samples

Peripheral blood was obtained by venipuncture from all the patients
on admission. We have analyzed: Complete Blood Count (CBC) and
immune-inflammatory parameters: interleukin-6, procalcitonin (PCT),
C-reactive protein (CRP), soluble-IL2 receptor (IL2Ra) and ferritin.
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CBC was performed by the hematology analyzer Convergys 3X®. IL6,
CRP and IL2Ra were measured by chemiluminescence immunoassay
(CLIA) via IMMULITE® 2000 XPI analyzer (Siemens). The fully auto-
mated electrochemiluminescence method (ECLIA) was used to measure
levels of PCT and ferritin on COBAS® E411 platform (Roche
Diagnostics).

2.3. Statistical analysis

Normally distributed continuous data were presented as mean +
standard deviation, a comparative analysis of this data was performed
between non-severe and severe groups using unpaired 2-sided Student’s
t-test. Categorical variables were described as percentages, and the
significance was tested by the chi-square test. Abnormally distributed
variables were expressed as medians and inter-quartile ranges (IQR),
and were compared between the three above-mentioned groups using
the non-parametric Kruskal Wallis test followed by pair-wise compari-
son by the Dunn-Bonferroni post hoc method. A p value of <0.05 was
considered statistically significant.

Univariate and multivariate logistic regression analysis was used to
evaluate the prognostic value of different immune-inflammatory bio-
markers, by taking the severity or the mortality of COVID-19 as
dependent variable. The receiver operator characteristic (ROC) curves
were built to assess predictive values and the optimal discriminating cut-
off values were obtained by calculating the Youden index. The Odds
Ratio (OR) with their confidence intervals 95% (95% CI) were calcu-
lated according to the cut-off values by Fisher’s exact test.

The correlations between interleukin-6 and other variables were
analyzed by the Spearman correlation analysis. Kaplan-Meier curves
were constructed for analyzing survival data. All these statistical cal-
culations were performed using R 3.6.3 and Medcalc 19.3 software.

3. Results
3.1. Demographic and clinical characteristics

A total of 153 patients with COVID-19 were included in this study.
Among them 50 (33%) were woman and 103 (67%) were man, the mean
age was 61 + 13.95 years. Hypertension (39%) and diabetes (32%) were
the most common comorbidities.

Compared with non-severe group, the patients of severe group were
older (65 + 13.55 vs 57 + 13.41 years, p = 0.0003) and had more un-
derlying comorbidities: hypertension (50% vs 22%, p = 0.0072) and
diabetes (45% vs 11%, p = 0.0006). The 38 deceased patients represent
47.5% of severe group patients (Table 1).

3.2. Prognostic value of immune-inflammatory markers to assess the
severity

We first analyzed the CBC parameters: lymphocyte count was
significantly lower in the severe group when compared with the non-
severe group (P < 0.0001). White blood cell count (WBC), neutrophil
count (NEU), neutrophil-to-lymphocyte ratio (NLR), derived neutrophil-
to-lymphocyte ratio (d-NLR) were significantly higher in patients with
severe forms (P < 0.0001 and p = 0.00071 for WBC). There were no
significant differences in the hemoglobin levels (HGB), mean corpus-
cular volume (MCV), mean corpuscular hemoglobin concentration
(MCHC), platelets count, platelet-to-lymphocyte ratio (PLR), and
lymphocyte-to-monocyte ratio (LMR) between the two groups of pa-
tients (p > 0.05).

We next compared the levels of CRP, IL6, IL2Ra, PCT and ferritin in
plasma samples between severe and non-severe groups. The values of
the above-mentioned parameters were significantly higher in patients
with severe form of COVID-19 than in non-severe form (P < 0.0001)
(Table 2).

The ROC curve analysis showed that IL6 has the highest area under
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Table 1
Demographic and clinical characteristics of patients with COVID-19.
Variable All patients Non severe Severe group P value
(n =153) group (n="73) (n = 80)
Age (years) 61 + 13.95 57 +£13.41 65 + 13.55 0.0003
(18-88) (18-80) (31-88)
Gender n (%)
Female 50 (33%) 27 (37%) 23(29%) 0.2941
Male 103 (67%) 46 (63%) 57(71%)
Smoking history n/N
(%)
Non-smok 51/56(91%) 2/29 (7%) 3/27 (11%) 0.6032
Smok 5/56 (9%) 27/29 (93%) 24/27 (89%)
Any comorbidity n/ 64/94 (68%) 19/36 (53%) 45/58(78%) 0.0137
N (%)
Hypertension 37/94 (39%) 8/36 (22%) 29/58(50%) 0.0072
Diabetes 30/94(32%) 4/36 (11%) 26/58(45%) 0.0006
Respiratory 10/94 (11%) 1/36 (2.7%) 9/58 0.0512
disease (15.5%)
Cardiopathy 7/94 (7%) 0/36 (0%) 7/58(12%) -
Cancer 9/94 (9%) 5/36 (14%) 4/58(7%) 0.2671
Thyroiditis 7/94 (7%) 4/36 (11%) 6/58(10%) 0.8779
Others 18/94 (19%) 4/36 (11%) 13/58(22%) 0.1775
Disease severity
status
Mild 34(22%) 34(46.6%) 0(0%)
Moderate 39(25.5%) 39(53.4%) 0(0%) -
Severe 33(21.5%) 0(0%) 36(45%)
Critical 47(31%) 0(0%) 44(55%)
Clinical outcomes
Recovery 115(75%) 73(100%) 38(47.5%) -
Death 38(25%) 0(0%) 42 (52.5%)

Data are mean =+ standard deviation (range), n (%) or n/N (%) where N is the
total number of patients with available data. P values indicate differences be-
tween severe and non-severe groups and were calculated using the Student’s t-
test or y2 test. P < 0.05 was considered statistically significant.

ROC curve (AUROC) = 0.97, followed by PCT, NLR and CRP with cor-
responding AUOC of 0.856, 0.831 and 0.816 respectively, reflecting a
high prognostic performance of these inflammatory parameters to assess
severe forms of COVID-19. The optimal cut-off values were 44 pg/ml for
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IL6 with an excellent accuracy (sensitivity (se) = 95%, specificity (sp) =
93%), 0.138 ng/ml (se = 76.3%’ sp = 79.5%) for PCT’ 123 mg/1 (se =
70%, sp = 81%) for CRP and 5.9 (se = 72%’ sp = 80.3%) for NLR.

Multivariate logistic regression analysis revealed that IL6 and NLR
are independent predictors of severe COVID-19. The combined detection
of these two markers allowed to reach an AUROC value of 0.98 (Table 3,
Fig. 1).

Table 3
Area under the ROC curve and optimal cut-off values of the immune inflam-
matory markers according to the severity.

Variable AUROC  Optimal Sensitivity ~ Specificity =~ OR (95%CI)
cut-off
value
NLR 0.831 5.9 71.7% 80.3% 8.7 (3.85-19.7)
d-NLR 0.748 4.6 57% 87% 7.95
(3.36-18.83)
WBC 0.693 9.67 x 103/ 63% 83.1% 8.11
ul (3.53-18.66)
NEU 0.765 8.84x10°/  55% 93% 15.95
ul (5.54-45.94)
LYM 0.737 0.9 x 10%/ 51% 88.7% 8.30
ul (3.34-20.66)
IL6 0.972 44 pg/ml 94.9% 93.2% 253.86
(58.11-1109)
PCT 0.856 0.138 ng/ 76.3% 79.5% 12.42
ml (5.44-28.39)
CRP 0.816 123 mg/1 70% 80.8% 9.59
(4.29-21.45)
Ferritin 0.752 601 ng/ml 83.1% 64.4% 8.86
(3.85-20.35)
IL2Ra 0.724 1204 U/ml 54.2% 83.6% 6.02
(2.69-13.45)
IL6 + 0.98 - - - -
NLR

The optimal discriminating cut-off values were obtained by calculating the
Youden index. The Odds Ratio with their confidence intervals 95% were
calculated according to the cut-off values by Fisher’s exact test.

AUOC: Area under the receiver operating characteristic curve; CI: confidence
interval; OR: odds ratio.

Table 2
Laboratory finding of patients with COVID-19.
Variable Normal All patients (n = Non severe group (n = Severe group (n = 80) P value® P value”
rang 153) 73 without steroid therapy (n = with steroid therapy (n =
59) 21)
WBC x 103/}11 5-10 9.2 (6.7-11.4) 7.7 (6.5-9.4) 10.5 (7.2-12.2) 12.59 (9.9-15.5) 0.00071 0.224
NEU x 103/ul 2.5-7.5 6.8 (4.6-9.6) 5(4-6.9) 9.09 (5.9-10.8) 10.88 (8.27-13.9) <0.0001 0.75
LYM x 10%ul 1.3-4 1.2 (0.8-1.8) 1.5(1.1-2) 0.9 (0.71-1.34) 0.85 (0.57-1.57) <0.0001 0.99
MON x 10%/ul  0.16-0.7 0.3 (0.2-0.6) 0.33 (0.2-0.73) 0.24 (0.13-0.5) 0.34 (0.13-0.58) 0.048 0.617
HGB g/dl 12-17.4 13.1 (11.7-14.1) 13.4 (12.4-14.2) 13(11.8-14) 11.5 (11-13) 0.61 0.08
MCV (f) 76-96 84 (81-86) 83.7 (81-86) 84(82-86) 83.5 (80-86.5) 0.99 0.79
MCHC (g/dl) 30-35 32.9 (32.1-33.5) 32.7 (32.1-33.4) 33(32.2-33.8) 32.5(31.9-33) 1.0 0.86
PLT x 103/pl 150-400 235(167-309) 242(174-310.5) 196.5 (140.5-273.5) 333(260-398.5) 0.067 0.00017
NLR 1-3 5.6 (3-9.8) 3.5(2.2-5.7) 8.2 (5.4-13.6) 12.2 (5.3-19.6) <0.0001 0.97
d-NLR - 2.8 (1.4-5.3) 2.2 (1.2-3.8) 5.4 (2.3-8.4) 1.6 (1.19-3) <0.0001 0.00083
PLR - 186.4 (125.4-295) 160.7 (109.7-233.7) 184.5 (129.6-315.8) 375.3 (239.2-597.2) 0.263 0.02217
LMR - 3.8(2.1-7) 4.4 (2.53-7.3) 3.5(2.2-7) 3.6 (1.5-5.2) 0.90 0.88
CRP (mg/1) <3 103 (33-167) 61(8-113) 160 (102-215.5) 99.1 (15-171) <0.0001 0.028
IL6 (pg/ml) <5.9 35 (13-85) 17(4-19.8) 114 (64-230.5) 16.4 (6.5-38) <0.0001 <0.0001
IL2Ra (U/ml) 158-623 918(642-1459) 740(501-1055) 1308 (773.5-1809.5) 1010 (772-1442) <0.0001 1.0
PCT (ng/ml) <0.05 0.13 (0.05-0.37) 0.059(0.022-0.13) 0.3 (0.151-0.71) 0.25 (0.132-0.71) <0.0001 1.0
Ferritin (ng/ 13-400 714 (362-1292) 438(234-867) 1045 (657-1615) 928 (362-1768) <0.0001 1.0

ml)

Data are presented as median (interquartile ranges).P values were calculated using the Kruskal-Wallis test followed by Dunn’s posthoc test.
Abbreviations. CRP: C-reactive protein; d-NLR = derived neutrophil-to-lymphocyte ratio (neutrophil count divided by the result of white cell count minus neutrophil
count); HGB: hemoglobin; IL2Ra: soluble-interleukin-2 receptor; IL6: interleukin-6; LMR: lymphocyte-to-monocyte ratio; LYM: lymphocyte count; MCHC: mean
corpuscular hemoglobin concentration; MCV: mean corpuscular volume; MON: monocyte count; NEU: neutrophil count; NLR: neutrophil-to-lymphocyte ratio; PCT:
procalcitonin; PLR: platelet-to-lymphocyte ratio; PLT: Platelet count; WBC = white blood cell count.

@ P values indicate the comparison between non severe group and severe without corticosteroid therapy group.

b p values indicate the comparison between severe with and without corticosteroid therapy groups.
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Fig. 1. Receiver operator characteristic curves of the immune inflammatory markers according to (a) the severity (b) the mortality in COVID-19 patients. Univariate
and multivariate logistic regression analysis were conducted to evaluate the prognostic value of different immune-inflammatory biomarkers, by taking the severity or

the mortality of COVID-19 as dependent variable.

3.3. Predictive value of immune-inflammatory markers to assess the
mortality

The area under ROC curve of immune-inflammatory parameters
were ranging between 0.65 and 0.94. IL6 and PCT were the most ac-
curate predictive markers of mortality with AUROC > 0.9, followed by
NEU, NLR, CRP, ferritin and WBC with AUROC > 0.8, indicating a high
prognostic value for mortality.

Multivariate logistic regression analysis showed that PCT, neutrophil
count and ferritin are independent risk factors associated with fatal
outcomes. The AUROC of the risk model that combined these three
markers was as high as that of the IL6 calculated in the univariate
analysis (=0.94).

The thresholds for CBC markers that indicate a high risk of mortality

Table 4

are summarized in Table 4. The strongest predictor biomarkers of
mortality were NLR (se = 75%, sp = 84%, OR = 14.6), neutrophil count
(se = 68%, sp = 85%, OR = 12.6) and white blood cell count (se = 80%,
sp = 74%, OR = 11.4).

The statistically optimal cut-off value for IL6 was 83 pg/ml, this
value could predict mortality with high accuracy (se = 96%, sp = 87%).
The risk of mortality is 184 times higher among patients with IL6 levels
above this cut-off, (OR = 184’ log-rank, P < 0.0001).Moreover the
median time to death after reaching an IL6 value of 83 pg/ml, was 3 days
(range 1-17 days) (Fig. 2).

The ROC curve analysis of the other plasmatic markers revealed that,
the cut-off values of PCT (0.16 ng/ml) and CRP (151 mg/1) allowed to
predict the progression towards the death with high sensitivity and
specificity (se = 96.3%, sp = 70.5%, OR = 61.2), (se = 70.4%, sp = 80%,

Area under the ROC curve and optimal cut-off values of the immune inflammatory markers according to the mortality.

Variable AUROC Optimal cut-off value Sensitivity Specificity OR (95%CI)

NLR 0.839 7.4 75% 84% 14.64 (5.07-42.32)
d-NLR 0.730 4.9 66.7% 79% 7.52 (2.84-19.96)
WBC 0.814 9.67 x 103/pl 80% 74% 11.38 (3.88-33.42)
NEU 0.851 9 x 10%/ul 68% 85% 12.6 (4.57-34.7)
LYM 0.653 0.82 x 10%/ul 46% 82% 3.62 (1.41-9.27)
1L6 0.94 83 pg/ml 96.3% 87.6% 184 (22.98-1472.9)
PCT 0.905 0.16 ng/ml 96.3% 70.5% 61.22 (7.95-471.36)
CRP 0.825 151mg/1 70.4% 80% 9.5 (3.65-24.67)
Ferritin 0.821 834 ng/ml 85.2% 69.5% 13.11 (4.19-41.02)
IL2Ra 0.735 1276 U/ml 67% 78.1% 7.13 (2.83-17.96)
PCT+NEU-+Ferritin 0.94 - - - -

The optimal discriminating cut-off values were obtained by calculating the Youden index. The Odds Ratio with their confidence intervals 95% were calculated ac-

cording to the cut-off values by Fisher’s exact test.

AUOC: Area under the receiver operating characteristic curve; CI: confidence interval; OR: odds ratio.
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Fig. 2. Kaplan-Meier survival curves according to the cut-off value of
interleukin-6 levels. The log-rank test indicates a significant difference between
the survival curves.

OR = 9.5) respectively (Table 4, Fig. 1).

3.4. Correlation between IL6 other inflammatory parameters and
comorbidities

Significant positive correlations were found between the plasmatic
level of IL6 and other immune-inflammatory parameters: PCT(r
0.718, P < 0.0001), CRP (r = 0.632, P < 0.0001), NLR (r = 0.634, P <
0.0001)’ ferritin (r = 0.499, P < 0.0001)’ neutrophil count (r = 0.483, P
< 0.0001).It was negatively correlated with lymphocyte count (r =
—0.486, P < 0.0001) and platelet count (r = —0.212, p = 0.017).
Moreover the level of IL6 was significantly higher in patients with
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diabetes and/or hypertension than in patients without these underlying
diseases. (114 (61.5-251.5) vs 40 (10-86.5), p = 0.001) and (65
(43.7-199.5) vs 40 (7-92.5) p = 0.01) respectively (Fig. 3).

3.5. Dynamic change of IL6

Between the two measurements, the level of IL6 had decreased from
a median (IQR) of 14.5 (2-36.5) to 5.9 (2-12.7) in the non-severe group,
and from 58 (32-91) to 16 (11-53.8) in the severe group. Note that the
difference of the IL6 levels between the two groups remains significant
in the two checkpoints with a P value of 0.005 and 0.01 respectively
(Fig. 4).

In contrast, we have observed an important elevation of IL6 level for
two deceased patients (from 109 pg/ml to 2950 pg/ml and from 38 pg/
ml to 97 pg/ml respectively). It should be mentioned that the second
measurement was performed the day before their death.

3.6. The effect of corticosteroid treatment on immune-inflammatory
markers

Among the severe group, the patients who received corticosteroid
treatment had significantly lower levels of IL6 and CRP, and higher
platelets count compared to patients who didn’t receive steroid treat-
ment: (16.4 pg/mlvs 114 pg/ml, P < 0.0001), (99.1 mg/1vs 160 mg/1, P
=0.02) and (333 x 10%/ul vs 96.5 x 10%/ul, P < 0.0001) respectively.

In the other hand, there were no significant differences in the levels
of: PCT (0.25 ng/ml vs 0.3 ng/ml), NLR (12.2 vs 8.2), IL2Ra (1010 UL/
ml vs 1308 Ul/ml) and ferritin (928 ng/ml vs 1045 ng/ml), between the
patients with and without steroid therapy, with P values > 0.05 (Table 2,
Fig. 5).
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4. Discussion

The inflammatory response plays a central role in COVID-19 path-
ogenesis. Accumulating evidence supports that the unbalanced pro-
inflammatory immune response might be involved in the progression

towards severe and critical forms of the disease [15-17].

Several studies have reported that the peripheral blood levels of
immune-inflammatory and CBC markers such as IL6, PCT, CRP,
neutrophil count and NLR increase considerably in severe forms of

COVID-19. The levels of these markers reflect the intensity of cytokine-
mediated hyper-inflammatory response, and seem to be strongly asso-
ciated with poor outcome [7-12].

In our study, we first analyzed CBC test considering that it is

affordable and broadly available exam in routine laboratories. We have
observed that white blood cell count, neutrophil count, NLR and d-NLR
were significantly higher in patients with severe forms of COVID-19,
while lymphocyte count was decreased in severe group.

NLR combines two CBC parameters:

neutrophil count and
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lymphocyte count. The increase of neutrophil count reflects the intensity
of systemic inflammation whereas the lymphopenia reflects lympho-
cytes sequestration in inflammation site and their apoptosis. The com-
bination of these two biomarkers may improve the prediction of severe
COVID-19 [18,19].

The ROC curve analysis in our study showed that NLR has the highest
accuracy among CBC marKkers to assess severity and mortality in COVID-
19, with cut-off values of 5.9 and 7.4 respectively. The proposed cut-off
values reported in previous studies were ranging between 3 and 6 (3.13
[12]°3.3 [20], 3.63 [21]° 4 [8]‘5 [22]° 5.5 [23] 5.87 [24]).

Concerning the plasmatic inflammatory markers, the levels of CRP,
IL6, IL2Ra, PCT and ferritin were significantly higher in patients with
severe form of COVID-19. These results are consistent with the cytokine
release syndrome (CRS) hypothesis [15].

The plasmatic levels of PCT are usually undetectable in physiological
condition. It increases considerably in the bacterial and fungal infections
compared to the viral infections, which makes it a differential diagnosis
marker between them [25]. In our study, the proposed cut off values
were 0.138 ng/ml for severity and 0.16 ng/ml for mortality. In line with
prior studies, our results suggest that the secondary bacterial and fungal
infections, expressed by high level of PCT, are associated with severe
and potentially fatal forms of COVID-19, justifying the necessity of
rational use of antibiotics in COVID-19. However, the thresholds sug-
gested are variable according to the studies going from: 0.07 ng/ml to
0.5 ng/ml [26-29].

CRP is an acute-phase protein of inflammation. Its role as predictive
marker of severe forms of the COVID-19 was clearly proven by several
studies. In our series we have defined threshold values of: 123 mg/1 to
assess severe forms and 151 mg/1 to predict mortality with high accu-
racy. These cut-off values are relatively higher than those proposed by
similar studies: 20.42 mg/1 [30]‘ 41.4 mg/1 [31]° 60 mg/1 [5] and 97
mg/1 [32].

As previously mentioned, IL6 was the most accurate inflammatory
biomarker observed in our study. First, the calculated cut-off for IL6
levels (42 pg/ml) could correctly classify >90% of patients regarding
their risk of severity (AUROC = 0.972). In addition, the proposed
threshold value of IL6 (83 pg/ml) was highly predictive of progression to
death (AUROC = 0.94, OR = 184) after a median of 3 days. The
thresholds of severity reported in different studies are very variable
ranging between 24 and 32 pg/ml [26,33,34]. A metanalysis based on a
total of nine studies included 1426 patients, suggested a cut-off value of
55 pg/ml to identify severe forms [35].Concerning the mortality’ only
few studies have analyzed the predictive value of IL6 to assess critical
and fatal forms. The study of Herold et al has defined a value of 80 pg/ml
of the need for mechanical ventilation with a median time of 1.5 days
[32,36], In addition Chen et al have reported that the median level of IL6
was 72 pg/ml with IQR (35.6-146.8), in 113 deceased patients with
COVID-19 [37].

Indeed, the IL6 values in severe COVID-19 are 10- to 200-fold lower
compared to those observed in patients with the hyper-inflammatory
phenotype of acute respiratory distress syndrome (ARDS) and septic
shock reported in previous series [38-41]. It has been hypothesized that
the hyper-inflammatory response is primarily induced in lung tissues
with a high local concentrations of IL6 compared with their circulating
plasma levels [42,43].

Otherwise, despite the high predictive value of IL6, its implication in
pathogenesis of severe COVID-19 remains unclear. It is well known that
IL6 is a pleiotropic pro-inflammatory cytokine which can induce a va-
riety of acute-phase proteins [44]. Besides’ it is considered as a crucial
regulator of neutrophil trafficking during acute inflammatory response
via STAT3 signaling pathway [45]. In our study, IL6 was positively
correlated with other inflammatory markers including CRP, neutrophil
count and NLR. It was negatively correlated with lymphocyte count.
According to autopsy studies IL6 was directly involved in the decrease of
lymphocyte count observed in COVID-19 [46]. In addition the treatment
with tocilizumab (anti-IL6 receptor) was able to correct the

Cytokine 141 (2021) 155428

lymphopenia [47].

Furthermore, our severe group was older, had more underlying dis-
eases: hypertension and diabetes. Also, the IL6 levels were significantly
higher in patients with these comorbidities. This relationship might be
linked to the low expression of angiotensin-converting enzyme 2 (ACE-
2) in elderly patients with chronic diseases. This induces the accumu-
lation of angiotensin-II which has pro-inflammatory proprieties and may
contribute to the progression towards severe and fatal forms of the
COVID-19 [48].

In addition to its prognostic value, the kinetic analysis of IL6, has
demonstrated that this cytokine might be a good marker for the moni-
toring of COVID-19 patients. These results are consistent with previous
studies [49-51].

Only 14% of our patients, all included in the severe group, received
the corticosteroid therapy. This practice is still widely used in COVID-
19. Our study demonstrated that the plasmatic levels of IL6 and CRP
might be influenced by steroid therapy in contrast with PCT and NLR,
which may constitute good alternative markers to assess severe forms
when patients are already undergoing steroid therapy.

5. Conclusion

Severe and fatal forms of COVID-19 are associated with high levels of
immune-inflammatory markers in peripheral blood. These results, ob-
tained from our Algerian cohort study, support the finding largely re-
ported in previous series, since the beginning of COVID-19 pandemic.

Furthermore, it is concluded that interleukin-6, procalcitonin, NLR
and CRP may constitute potential markers to assess severe forms and
fatal progression of SARS-CoV-2 infection in the context of cytokine-
mediated hyper-inflammatory response.

The determination of cut-offs may allow to identify with a high ac-
curacy and at an early stage the patients requiring immunosuppression,
particularly the best candidates for IL6 blockade therapy. Moreover, the
levels of procalcitonin can guide the antibiotic therapy decisions.

Lastly, IL6 might be a good marker to monitor COVID-19 patients
and guide treatment. However, PCT and NLR are accurate and low-cost
alternative markers considering that their blood levels are not influ-
enced by corticosteroid treatment.
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