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Abstract

Predicting which patients will need the intensive care unit (ICU) due to severe COVID-19 is critical
in terms of disease treatment. In this study, the use of the derived isohemagglutinin (dIH) parameter
calculated from isohemagglutinin (IH) values and neutrophil to lymphocyte ratios for prediction of clin-
ical care (CLC), ICU admission and mortality status was investigated for the morbidity and mortality
of COVID-19. The data of approximately 21,500 patients admitted to the hospital with the suspicion of
COVID-19 were scanned retrospectively. A total of 352 patients with IH results were divided into three
groups according to CLC, ICU admission and mortality. Isohemagglutinin, hemogram and biochemistry
test results, demographic characteristics, chronic diseases, length of stay, treatments, ICU admission
and mortality records were reviewed for all patients. The relationship between test results, demographic
characteristics, clinical status and mortality was investigated using statistical methods. The dIH values
of patients with ICU admission and mortality were much lower than those of CLC patients [median
(min-max): 3.34 (0.14-95.8) and 0.82 (0.05-42.3) vs. 0.18 (0.01-20.6) titers, p < 0.01, respectively].
In the ROC analysis for the power of dIH to discriminate ICU admission, the cutoff was < 0.68 with sen-
sitivity 88.9%, and specificity 79.6%. It was determined that a I-unit increase in dIH values decreased
the need for ICU by 2.09 times and the mortality of those receiving ICU treatment by 2.02 times. dIH
values calculated in the early stages of the disease in patients with COVID-19 can be used to estimate
the clinical progression associated with ICU admission and mortality.
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Introduction

The coronaviruses, which include the causative agent
of coronavirus disease 2019 (COVID-19), caused a very
deadly pandemic all over the world by inducing severe
acute respiratory syndrome (SARS), and this coronavirus
was named SARS-CoV-2. The course of COVID-19 has
a spectrum ranging from asymptomatic to mild, moderate
to severe and fatal. COVID-19 has a severe course in the
elderly and those with comorbidities (such as hypertension,
hyperlipidemia, diabetes, and chronic lung or kidney dis-
ease) and/or immunodeficiency [1, 2]. In addition to these
risk factors, patient fever, blood pressure, respiratory rate,
oxygen saturation, neutrophil-to-lymphocyte ratio (NLR)
and bilateral diffuse chest infiltration findings on X-ray
or computed tomography are important for the evaluation
of disease severity and for triage of patients [3-7]. Since
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all these parameters are associated with the acute phase of
the disease, they have limited value in predicting disease
severity. Therefore, new parameters are needed.
Although the exact pathophysiological mechanism is
unknown, it was suggested that high levels of proinflam-
matory cytokines released linked to an inappropriate re-
sponse of the immune system against SARS-CoV-2 play
a role in the exacerbation of the disease [8, 9]. The main
pathology here is the loss of immune regulation. Based
on this information, it is thought that a biomarker that can
evaluate the innate immune system, which manages the
immune system response and constitutes the first barrier
against various pathogens, will provide useful information
about disease progression. For this purpose, polysaccha-
ride antibodies called isohemagglutinins (IHs), a product
of the innate immune system and produced against A or
B erythrocyte antigens, were considered for use [10, 11].
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It was also suggested that IHs can be combined with other
members of the innate immune system (such as natural
killer cells and lymphocytes) for more accurate prediction.

In this study, conducted in light of the above infor-
mation, the records of patients treated with clinical care
(CLC) or in the intensive care unit (ICU) were examined
to investigate whether there was a relationship between
the results of IH and derived IH (dIH), hemogram and bio-
chemical tests performed during their first admission with
disease progression and mortality.

Material and methods
Study design

The research was planned as a retrospective study.
The necessary permission (instead of informed consent
from participants) was obtained from the Ministry of Health
of the Republic of Turkey (No. 2020-08-22T18-07-40)
to use patient data. Real-time PCR test results and oth-
er laboratory records of 21,500 patients with suspected
COVID-19 in the clinics and intensive care unit of Sultan
2. Abdulhamid Han Training and Research Hospital be-
tween June 2020 and March 2021 were examined. A total
of 352 COVID-19 patients with isohemagglutinin IgM test
results were divided into 3 groups (CLC group, ICU group
and mortality group) according to CLC, ICU intake and
mortality as indicators of disease severity.

Inclusion and exclusion criteria

Among the patients with COVID-19, whose clinical
follow-up was made from the first stages of the disease,
those who had positive real-time PCR test results as well
as isohemagglutinin and hemogram tests were included in
the study.

Patients with COVID-19 who were admitted to the
hospital in the advanced stages of the disease, those who
came by transfer or who could not be followed up due to
being transferred to a different hospital were not included
in the study. In addition, patients with negative PCR test
results but diagnosed with COVID-19 by thoracic comput-
ed tomography (CT) were also excluded from the study.

Demographic characteristics and clinical history

Demographic information of patients (such as age,
gender, chronic disease status), symptoms (fever, short-
ness of breath, cough, fatigue, headache, back or joint pain,
muscle pain, sore throat, diarrhea, loss of taste or smell),
clinical or ICU admission status and duration, erythro-
cyte suspension (ES) and/or convalescent immune plasma
(CIP) usage status, O, support, intubation, and respirator
status data were collected from patient records.

IH titers and dIH

Blood types and IH IgM titers (anti-A1 and anti-B) of
all patients were determined using ABO/Rh D forward and

reverse blood grouping technique and the microplate direct
hemagglutination method (Neo Iris Fully-automated blood
bank instrument, Immucor, Inc., Germany). IH titers were
determined as the highest dilution score (endpoint titer) that
gave a positive reaction (1/0.5, 1/1, 1/2, 1/4, 1/8, 1/16, 1/32,
1/64, 1/128 and 1/256). If the highest titer giving a positive
reaction was 1/256, the titration was expressed as 256, and
if it was 1/0.5, the titration was expressed as 0.5.

In this study, in order to compare the IH values of the
patients, the anti-B IgM titers found in patients with A and
O blood groups were taken as the basis, since they are more
common. In the study, the anti-A1 IgM results of individ-
uals with blood type O tended to be higher than the anti-B
IgM results. Therefore, in order to eliminate the difference,
the following correction equation was used to adapt anti-A1
titers to anti-B titers in patients with blood group B. Thus,
the effect of negativity was limited in this study conducted
with two different types of IH (anti-A1 and anti-B IgM).

Anti-B IgM = anti-A1 IgM x 0.638 + 2.764

The correction equation was created based on the
relationship determined by linear regression analysis be-
tween anti-Al IgM and anti-B IgM results of 102 patients
with blood type O because there was a high correlation
between anti-A1 IgM and anti-B IgM results of these pa-
tients (Spearman r = 0.807, p < 0.001). The patients with
blood type AB were excluded from the study because there
was no measurable IH formed against A and B erythrocyte
antigens in their blood [12].

dIH values were obtained by dividing IH by NLR.

In the post hoc power analysis based on the dIH inde-
pendent variable of the patient groups, the power of the
study was 0.99 (a = 0.05, effect size = 3.414) and the ef-
fect size (eta squared: n%) was 0.81.

Biochemical results and hematological indices

The hematological indices [leukocytes, neutrophils,
lymphocytes, monocytes, %eosinophils, %basophils,
NLR, derived NLR (dNLR), lymphocyte to monocyte ra-
tio (LMR), erythrocytes, hemoglobin, hematocrit, mean
corpuscular volume (MCV), red cell distribution width
(RDW), platelets, mean platelet volume (MPV), platelet
distribution width (PDW), platelet to lymphocyte ratio
(PLR)] and biochemical results (glucose, urea, creatinine,
eGFR, albumin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), y-glutamyl transferase (GGT), al-
kaline phosphatase (ALP), lactate dehydrogenase (LDH),
creatine kinase (CK), C reactive protein (CRP), sodium,
potassium, calcium, erythrocyte sedimentation rate (ESR),
procalcitonin, prothrombin time (PT), fibrinogen, D-di-
mer) of the patients included in the study were extracted
from the patient records within the first 24 hours after ad-
mission to the CLC or ICU. All tests were performed us-
ing a clinical chemistry analyzer (Architect c16000, Abbott
Diagnostics, USA and Cobas ¢ 501, Roche Diagnostics,
Germany), hematology auto analyzer (Mindray, BC-6800,
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China) and automatic coagulation device (STA Compact
Max3, Diagnostica Stago, France).

Statistical analysis

All statistical analyses were performed using IBM SPSS
statistics version 25 (USA) and MedCalc version 15.8 soft-
ware. One-way analysis of variance (ANOV A) was used to
compare the parametric data of three independent groups
in the study, and the Kruskal-Wallis test (nonparametric
ANOVA) was used to compare the nonparametric data.
The Mann-Whitney test was used to compare nonparametric
data in two groups. Multinomial logistic regression analy-
sis was used to determine the effects of dIH, age and CRP
(independent risk factors) on ICU admission and mortality
(dependent variables) and to estimate the dependent vari-
able. Receiver operating characteristic (ROC) analysis was
used to compare the diagnostic power of dIH, IH, NLR, age
and CRP parameters for determining ICU admission and
mortality. The x? test was used to evaluate categorical data.

Results

Characteristics of the patients

The age range of 352 patients (female/male = 130/222)
with COVID-19 included in the study was 18-97 years.
When the ages of the patients were examined, 11% were
<39 years, 15% were 40-54 years, 19% were 55-64 years,
and 55% were > 65 years old. Of the patients, 186 had
blood type A, 102 had blood type O, and 64 had blood
type B (Table 1). There was no difference between CLC,
ICU and mortality groups in terms of blood group type.
Of the patients who died, 73% were aged > 65 years and
21% were aged 55-64 years.

Comparison of groups in terms of demographic
characteristics, anamnesis, and clinical status

Demographic and anamnesis data according to CLC,
ICU and mortality group as indicators of disease progres-
sion for patients with COVID-19 are given in Table 1. There
was a significant difference between the groups in terms
of age, number of patients with chronic disease (NPCD),
CT findings, hospital stay, O, support, intubation, respirator
use, ES treatment and CIP treatment, especially in favor of
the mortality group. There was no difference in terms of
gender and blood group types. Except for one patient, all
patients in the mortality group were admitted to the ICU.

Comparison of groups in terms of hematological
and biochemical test results

Isohemagglutinin and dIH values of the ICU and mor-
tality groups were statistically significantly lower, while
the age and NLR values were higher, compared to the CLC
group with a milder disease progression (Fig. 1A-D and

Table 2). The CRP levels of the mortality group were high-
er than the other two groups (Fig. 1E and Table 3).

Hematological indices, ESR and biochemical test re-
sults of the patients according to study groups are com-
pared in Tables 2 and 3. There was a statistically signif-
icant difference between the groups in favor of ICU and
mortality groups in terms of leukocytes, neutrophils,
lymphocytes, NLR, dNLR and LMR values. In contrast,
erythrocytes, hemoglobin, hematocrit and PLR values of
the ICU and mortality groups were found to be lower com-
pared to the CLC group. The platelet values of the patients
in the mortality group were lower than in the other groups.

There was a significant difference between the groups
in terms of ESR, glucose, urea, and creatinine, especially in
favor of the mortality group. €GFR and albumin values of the
mortality group were quite low compared to the other groups
(Table 3). Differences observed in urea, creatinine, eGFR
and albumin levels were associated with age and age-re-
lated renal pathology. Again, LDH and D-dimer levels of
the ICU and mortality groups were higher than in the CLC
group. Calcium levels were lower and prothrombin time was
longer in the mortality group compared to the CLC group.
In addition, while there was no difference between the other
groups, there was a difference between the CLC group and
the mortality group in terms of GGT and ALP levels.

Multinomial logistic regression analysis to test
the effect of dIH, age, and CRP

In the multinomial logistic regression analysis per-
formed to determine the effect of independent variables
such as dIH, age and CRP on CLC, ICU admission or
mortality representing disease severity (Fig. 2), dIH was
found to have a stronger effect in progression from CLC
or ICU admission to mortality compared to age and CRP.
The odds ratio (OD) for dIH was 2.092 for CLC status and
2.022 for ICU admission. In other words, 1 unit increase
in dIH value increased the transition to the mortality group
from the CLC group by 2.092 times.

Comparison of ROC curves of important
markers for determining ICU admission
and mortality

In the comparison of ROC curves comparing the diag-
nostic power of IH, dIH, NLR, age, and CRP to differen-
tiate between clinical or ICU admission, the cutoff for IH
titers was < 5.3, which had sensitivity 73.7%, specificity
78.0%, and area under the curve (AUC) 0.800 (Fig. 3).
The cutoff for dIH values was < 0.68 with sensitivity
73.7%, specificity 89.6%, and AUC 0.867. The cutoffs for
NLR, age, and CRP were > 6.7, > 56, and > 94.3, with
sensitivity 71.5%, 87.1%, and 53.7%, specificity 80.9%,
46.2%, and 68.7%, and AUC 0.804, 708, and 0.640, re-
spectively. dIH was found to have the best diagnostic pow-
er for ICU admission.
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Table 1. Comparison of demographic results in patients with COVID-19 according to the clinical care, intensive care

unit and mortality status

Parameters Clinical care group (A) ICU group (B) Mortality group (C) p values
n 173 58 121 -
Gender (male), n (%) 114 (66) 36 (62) 72 (60) 0.529*
Age (years)* 57 £19 65 +15 73 +12 <0.001°
<0.01,<0.001, <0.01*
NPCD, n (%) 104 (60) 51(88) 117 (97) <0.001°
<0.001, <0.001, > 0.05*
NCD-P, n 2(0-7) 2(1-5) 2 (1-6) 0.794
CT findings, n (%) 126 (73) 53 (91) 120 (99) <0.001*
<0.01, <0.001, > 0.05*
Fever, n (%) 89 (51) 31(53) 72 (60) 0.388°
Shortness of breath, n (%) 86 (50) 34 (59) 71 (59) 0.243¢
Cough, n (%) 77 (45) 26 (45) 43 (36) 0.263*
Weakness, n (%) 81 (47) 23 (40) 56 (46) 0.623*
Headache, n (%) 25 (14) 4(7) 13 (11) 0.273¢
Back or joint pain, n (%) 26 (15) 11 (19) 13 (11) 0.307*
Muscle pain, n (%) 28 (16) 6 (10) 13 (11) 0.308°
Sore throat, n (%) 11(6) 3(5) 22 0.158°
Diarrhea, n (%) 14 (8) 7(12) 11(9) 0.661°
Loss of taste or smell, n (%) 20 (12) 50) 14) 0.081*
Hospital stay (day) 8 (2-49) 22 (5-75) 15 (2-72) <0.001*
<0.001, <0.001, > 0.05*
ICU stay (day) - 11 (1-62) 10 (1-72) 0.679°
O, support, n (%) 116 (67) 58 (100) 121 (100) <0.001°
<0.001, <0.001, > 0.05*
Intubation statement, n (%) - 10 (17) 117 (97) <0.001¢
Respirator application, n (%) - 13 (8) 117 (97) <0.001¢
ES treatment, n (%) 27 (16) 26 (45) 83 (69) <0.001*
<0.001, <0.001, <0.01*
CIP treatment, n (%) 21 (12) 29 (50) 48 (40) <0.001°
Blood typing A/B/O, n (%) 97/26/50 28/11/19 61/27/33 0.533¢

“Kruskal-Wallis test (nonparametric ANOVA) with post-hoc test (Dunn’s multiple comparisons test). The P value is approximate (from y? distribution);

*One-way analysis of variance (ANOVA), ‘Mann-Whitney test.

*Comparison p values between groups (A-B, A-C and B-C, respectively) were determined when p value obtained by ANOVA was < 0.05 (significant). Non-
parametric data are given as median (min-max) while parametric data are given as mean # standard deviation. Patients in the ICU group are those who
are discharged after recovery. NPCD — number of patients with chronic disease, NCD-P — number of chronic diseases in patients with chronic disease,
CT — computed tomography, ICU — intensive care unit, ES — erythrocyte suspension, CIP — convalescent immune plasma

In the analysis comparing the diagnostic power of IH,
dIH, NLR, age, and CRP to differentiate the mortality
of the disease, the cutoff of < 5.3 for IH had sensitivity
88.4%, specificity 72.7% and AUC 0.852. The cutoff for
dIH was < 0.57 with sensitivity 83.5%, specificity 85.7%
and AUC 0.902. The cutoff was > 6.9 for NLR with sensi-

tivity 78.5%, specificity 75.3% and AUC 0.810. The cutoff
for age was > 68 with sensitivity 67.8%, specificity 66.2%
and AUC 0.726, and finally the cutoff for CRP was > 94.3
with sensitivity 61.9%, specificity 66.3%, and AUC 0.689
(Fig. 4). dIH was found to have the best diagnostic power
for the prediction of mortality.

76 Central European Journal of Immunology 2022; 47(1)



>

dIH (titers)

—
W

—_
[

W

[\

—_

—_

Use of the derived isohemagglutinin parameter to predict patients with COVID-19 in need of an intensive care unit

B
05 pt <0001 3009 p | <0001 1209 p°, | <0.001
o <0,001 . 001<O'001 001
0 4 <0.001 <0.001 260 == S 100 - <0.001
| I ; {
0 B ! <001 <001
1 1 L 1
| 160 4: 80
1
0 7 T S
1
2 804 2 60- I
4 et H o
5 = ! <
40 40 -
0-
5 - 20 204
O T Q 1 0 ? 0
CLC ICU Mortal CLC ICU Mortal CLC ICU Mortal
140 B,
D ] . <0001 E p't 1 <0.001
| 420 1
! 1
! , <0.001
: <0.001 360 - i =
120 -+ ' it | > 0.05 <0.001
i <0.001 <0.01
! 300 1
I —~
i =
5 80 'E g 240 4
! =9
I x
0. O 180
120 -
20
60
0 0 -
CLC ICU Mortal CLC ICU Mortal

Fig. 1. Derived isohemagglutinin (dIH), IH, age, NLR and CRP results of CLC, ICU and mortality groups. Age, NLR and
CRP results of patients who were admitted to the ICU and died were higher, while the dIH and IH results were signifi-
cantly lower. Statistical comparisons were made according to whether the data were parametric or not. *Kruskal-Wallis
test (nonparametric ANOVA) and "one-way analysis of variance (ANOVA) with post-hoc test

Discussion

COVID-19, which has left millions dead due to its
rapid contagion, has been a crisis for the whole world. Al-
though the disease is mild at a high rate, it causes serious
pulmonary infection in approximately 20% of patients.
The need for respiratory support and intensive care in
5-10% of those who show signs of pulmonary infection
makes it difficult for the health system to fight against the
disease because mortality rates are related to the availabil-
ity of respiratory support and intensive care services [13].

Among COVID-19 patients with pneumonia, those
who developed shortness of breath, with tachypnea (respi-
ratory rate > 28/min), with decreased blood oxygen satura-
tion (< 93%), with decreased PaO,/FiO, ratio (< 300), and

Central European Journal of Immunology 2022; 47(1)

with radiologically extensive lung infiltration (> 50%) are
considered severe cases [13]. Similarly, the “Sepsis-related
Organ Failure Assessment” (SOFA), which evaluates the
respiratory (PaO,/FiO, ratio), cardiovascular system (hypo-
tension), central nervous system (Glasgow Coma Score),
renal system (blood creatinine level and urine output), co-
agulation status (platelet count) and liver (bilirubin level),
is used as an indicator of the severity of the disease for
those with COVID-19 pneumonia to determine the pos-
sible mortality risk of patients admitted to the ICU [14].
There are also different scoring systems used to predict
disease severity and mortality in COVID-19 patients. Ex-
amples include CURB-65, consisting of five parameters
(confusion, blood urea level, respiratory rate, blood pres-
sure and age) [15], the Pneumonia Severity Index (PSI),
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Table 2. Comparison of hematological indices between clinical care, ICU and mortality status

Parameters Clinical care group (A) ICU group (B) Mortality group (C) p values
n 173 58 121 -
Leukocytes (x 10*/ul) 6.5 (1.4-51.9) 8.7 (0.3-39.4) 8.7 (2.8-70.7) <0.001*
<0.001, <0.001, > 0.05*
Neutrophils (x 103/ul) 4.5(0.8-16.0) 6.5 (0.1-36.9) 7.4 (2.0-68.8) <0.001*
<0.001, <0.001, > 0.05*
Lymphocytes (x 10%/ul) 1.3 (0.2-41.5) 1.0 (0.1-6.1) 0.6 (0.1-14.1) <0.001*
<0.001, <0.001, <0.01*
Monocytes (x 10/ul) 0.4 (0.1-6.8) 0.4 (0.0-6.8) 0.3 (0.0-2.9) 0.096*
%Eosinophils 0.5 (0.1-9.9) 0.3 (0.0-8.8) 0.1 (0.1-14.0) <0.001*
>0.05,<0.001, <0.01*
%Basophils 0.2 (0.1-2.8) 0.2 (0.1-2.4) 0.2 (0.0-1.3) 0.009*
>0.05,<0.01, > 0.05*
NLR 3.7(0.1-21.3) 6.8 (0.4-37.8) 13.1 (1.3-98.1) <0.001*
<0.001, <0.001, <0.01*
dNLR 2.5(0.1-12.9) 4.4(0.2-18.2) 7.5 (0.9-51.6) <0.001*
<0.001, <0.001, <0.01*
LMR 3.5 (0.6-400) 2.4 (0.4-445) 1.9 (0.3-55.4) <0.001*
<0.01, 0.001, > 0.05
Erythrocytes (x 10%/ul) 4.5 (1.4-6.3) 4.0 (1.9-5.6) 3.8 (1.8-5.6) <0.001a
<0.001, <0.001, > 0.05*
Hemoglobin (g/dl) 13.1 (4.5-17.8) 11.2 (5.3-16.1) 10.4 (5.4-17.6) <0.001*
<0.01, <0.001, > 0.05*
Hematocrit (%) 37.2£6.9 342 +7.1 329 %63 <0.001°
<0.01, <0.001, > 0.05*
MCV (fl) 84.7 £7.1 86.5 +6.8 86.6 £7.6 0.056°
RDW (%) 142 £2.6 143 £22 15.0+23 0.011b
>0.05, < 0.001, < 0.05*
Platelets (x 10%/ul) 224 (60-594) 271 (28-986) 178 (11-575) <0.001*
>0.05, <0.001, <0.001*
PDW (%) 16.2 (15.0-17.9) 16.2 (15.6-17.9) 16.4 (14.7-17.6) 0.001°
>0.05,<0.01, > 0.05*
MPV (1) 9.9 (7.4-13.4) 10.0 (7.8-12.4) 10.6 (7.1-104) <0.001*
> 0.05, <0.001, < 0.001*
PLR 160 (5-1415) 221 (10-906) 293 (17-1489) <0.001*

<0.01, <0.001, > 0.05*

“Kruskal-Wallis test (nonparametric ANOVA) with post-hoc test (Dunn’s multiple comparisons test). The P value is approximate (from y? distribution).
*One-way analysis of variance (ANOVA), ‘Mann-Whitney test.
*Comparison p values between groups (A-B, A-C and B-C, respectively) were determined when p value obtained by ANOVA was < 0.05 (significant). Nonparametric
data are given as median (min-max) while parametric data are given as mean + standard deviation. Patients in the ICU group are those who were discharged
after recovery. Isohemagglutinin results obtained from anti-Al and/or anti-B IgM. NLR — neutrophil to lymphocyte ratio dNLR (derived NLR) = neutrophils/

(leukocytes-neutrophils)
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Table 3. Comparison of isohemagglutinins and biochemistry blood test results between clinical care, ICU and mortality

status
Parameters Clinical care group (A) ICU group (B) Mortality group (C) p values
n 173 58 121 -
H 13 (1-256) 8 (1-32) 2(0.5-32) <0.001*
<0.05,<0.001, <0.001*
dIH 3.34 (0.14-95.8) 0.82 (0.05-42.3) 0.18 (0.01-20.6) <0.001#
<0.001, < 0.001, < 0.001*
ESR (mm/h) 49 (3-140) 57 (7-110) 72 (4-140) 0.001*
> 0.05, < 0.001, > 0.05*
Glucose (mg/dl) 93 (58-516) 118 (54-288) 135 (25-603) <0.001*
>0.05,<0.001, < 0.01*
Urea (mg/dl) 32 (11-230) 41 (19-239) 74 (14-266) <0.001*
<0.01,<0.001, < 0.001*
Creatinine (mg/dl) 1.1 (0.6-10.8) 1.0 (0.4-7.8) 1.3(0.4-213) 0.0112
> 0.05, < 0.01, < 0.05*
eGFR (ml/min/1.73 m?) 74.7 £26.3 65.6 £32.0 57.4 £33.2 0.001°
> 0.05, < 0.001, < 0.05
Albumin (g/1) 36.2 +28.3 28.2 +4.1 28.1 5.5 0.002°
<0.05,<0.01,>0.05*
AST (UN) 42 95 37 £30 51 £58 0.439°
ALT (U/) 46 £89 47 £49 46 £54 0.996°
GGT (U/) 48 +49 54 +55 69 +75 0.029°
> 0.05, < 0.05, > 0.05*
ALP (U/N) 83 +45 83 +44 102 £59 0.012°
> 0.05, < 0.05, > 0.05*
LDH (U/) 493 +278 649 +404 638 +361 <0.001°
<0.01,<0.01,> 0.05*
CK (UN) 128 £224 164 £271 204 +232 <0.281°
CRP (mg/1) 59.7 (2.0-74.3) 65.8 (2.0-252.7) 116.7 (1.8-332) <0.001*
> 0.05, <0.001, < 0.001*
Sodium (mEq/1) 138 +4 139 £5 139 6 0.034*
> 0.05, < 0.05, > 0.05*
Potassium (mEq/1) 4.3 +0.6 4.2 0.7 4.2 +0.7 0.572°
Calcium (mg/dl) 8.6 0.7 8.6 0.8 8.2 +0.8 <0.001°
>0.05,<0.001, <0.01*
Procalcitonin (ul/1) 0.8 +4.7 1.3+3.2 29 +7.1 0.021°
> 0.05, < 0.05, > 0.05*
Prothrombin time (s) 15.1 3.5 16.3 4.5 18.9 £12.3 0.002"
>0.05,<0.01, > 0.05*
Fibrinogen (mg/dl) 548 161 539 190 556 £184 0.902°
D-dimer (ul/ml) 0.48 (0.01-12.5) 1.2(0.01-14.4) 1.55 (0.01-23.0) <0.001*

<0.001, <0.001, > 0.05*

“Kruskal-Wallis test (nonparametric ANOVA) with post-hoc test (Dunn’s multiple comparisons test). The P value is approximate (from ? distribution). *One-way
analysis of variance (ANOVA), “Mann-Whitney test.

*Comparison p values between groups (A-B, A-C and B-C, respectively) were determined when p value obtained by ANOVA was <0.05 (significant). Nonparamet-
ric data are given as median (min-max) while parametric data are given as mean + standard deviation. [H was obtained from anti-Al and/or anti-B IgM results.
IH — isohemagglutinin titers, dIH — adjusted IH, AST — aspartate aminotransferase, ALT — alanine aminotransferase, GGT — y-glutamyl transferase, ALP — alkaline
phosphatase, LDH — lactate dehydrogenase, CK — creatine kinase, CRP — C-reactive protein
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“The reference category is: 3.00. Nagelkerke R*: 0.407, Model fitting criteria
(x3: 149.03, p < 0.0001)

Fig. 2. Multinomial logistic regression analysis results and
regression graph to estimate the effects of dIH, age and
CRP, independent variables, on the dependent variable
consisting of CLC, ICU and mortality groups. The biggest
effect belongs to the dIH independent variable

APACHE-II [16] and physician’s gestalt [17]. It was re-
ported that most scoring systems have similar predictive
power and high scores are bad predictors of prognosis
[16, 18]. However, all of them evaluate the current state
of the disease and are insufficient in predicting the course
of the disease before it becomes severe.

The basic pathology in severe progression of
COVID-19 is attributed to the excessive production of
proinflammatory cytokines, causing uncontrolled hyper-
activation of cytotoxic lymphocytes and macrophages
linked to tissue damage caused by viruses. Macrophage ac-
tivation syndrome (MAS), in which cytokines rise rapidly
and tissue damage is accelerated due to this overactivation
of the immune system, is called the cytokine storm [19,
20]. Severe cases have the potential to progress to ARDS
requiring intensive care. Severe pneumonia, septic shock,
and multiple organ failure are the most important findings
that determine the need for ICU [13, 21]. However, there
is a need for new parameters that can determine the need
for ICU in the early period. In the study we conducted
for this purpose, COVID-19 patients were divided into
groups according to clinical severity. All data of the pa-
tients were compared according to these groups. Among
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H 78.03 73.74 0.800 0.0234 | 0.754-0.840 | < 0.0001
NLR 80.92 71.51 0.804 0.0237 | 0.758-0.845 | < 0.0001
Age 46.24 87.15 0.708 0.0280 | 0.656-0.756 | < 0.0001
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p <0.0001 | p=0.0002 | p<0.0001 | p<0.0001

Fig. 3. Comparison of receiver operating characteristic
(ROC) analysis results and graph used to compare the di-
agnostic power of dIH, IH, NLR, age and CRP parameters
to determine ICU admission. The highest diagnostic power
belongs to the dIH independent variable

these data, age, lymphocyte count, NLR, dNLR, CRP,
D-dimer, IH and dIH were remarkable. Among these, [H
and dIH derived from IH, a naturally synthesized biomark-
er that is a product of B-cell function [22] and represents
an approximately 1-month period in the immune system
[23], were the most appropriate parameters for predicting
disease progression. Moreover, the fact that Liu et al. [8]
found a relationship between the severity of the disease
and the levels of proinflammatory cytokines and immune
cell subgroups (lymphocytes) confirms this idea. Again,
the finding reported by Guillon et al. [10] that IHs inhibit
the interaction between SARS-CoV S protein and ACE2R
supports our results.

The immune system plays the main role in the patho-
genesis of MAS seen in patients with severe COVID-19.
Among the main criteria used in the diagnosis of MAS are
parameters related to the immune system. That is, clinical
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findings include immunosuppression, resistant high fever,
and hepatosplenomegaly, while laboratory findings include
cytopenia (lymphopenia or thrombocytopenia), elevated
triglyceride, ferritin and AST levels, hypofibrinogenemia,
and hemophagocytosis in the cytological examination of
bone marrow [24]. In addition, high interleukin (IL)-6,
CRP and D-dimer levels and prolonged prothrombin time
are important laboratory findings [25-27]. Therefore, new
candidate markers with the potential to be used in estimat-
ing the severity of COVID-19 disease are expected to be
directly or indirectly related to the immune system. In the
study we conducted in this context, d[H had high sensitiv-
ity and specificity in estimating ICU admission or mortal-
ity. This is likely because dIH contains a polysaccharide
antibody, which is indicative of the humoral activity of
the innate immune system, and NLR, which is part of the
cellular system. Therefore, dIH showed higher diagnostic
accuracy compared to IH, NLR, age, and CRP. The results
of the multinomial regression analysis showed that dIH,
which was able to distinguish CLC, ICU, and mortality
group from each other with a higher effect size, was more
reliable in estimating the severity of COVID-19 (compared
to CRP and age). In studies about the use of IHs for di-
agnosis, it was reported that they can be used to check
immunological function in patients with various immuno-
deficiencies (such as X-linked agammaglobulinemia and
severe combined immunodeficiency) [28, 29]. This is be-
cause natural antibodies, which are produced continuously
by B lymphocytes, mainly B1, form the first defense of the
organism, unlike adaptive antibodies, and provide non-spe-
cific protection. They are polyreactive regardless of the an-
tigenic stimulus. As the amount of B1 cells decreases with
age, the level of natural antibodies may also decrease. This
situation is associated with an increased risk of diseases re-
lated to old age [29]. In addition, these antibodies support
the immune system and homeostasis, prevent infections
and inflammation, and participate in many physiological
processes that limit autoimmune and cardiovascular diseas-
es and carcinogenesis. Due to all these features, we believe
that IHs, a type of natural antibody, may play an important
role in the prediction of age-related increasing severity of
COVID-19.

Special ICU practices such as timely mechanical ven-
tilation, fluid resuscitation, hemodynamic support and ear-
ly antibiotic therapy reduce the morbidity and mortality
among COVID-19 patients. For this reason, there is a need
for evidence-based protocols that can triage accurately and
quickly in the clinical decision process. However, this is
possible with the use of appropriate parameters [30, 31].
For example, it may be possible to suppress cytokine re-
lease, which causes severe respiratory failure observed in
patients with severe COVID-19, with tocilizumab, which
blocks the binding of the IL-6 receptor to IL-6. So, there
is a need for reliable triage systems that can make the right
ICU decisions. The monitoring of IL-6 and CRP levels,
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Fig. 4. Comparison of receiver operating characteristic
(ROC) analysis results and graph used to compare the di-
agnostic power of dIH, IH, NLR, age and CRP parameters
to determine mortality. The highest diagnostic power be-
longs to the dIH independent variable

which are a function of immune system cells, especial-
ly macrophages, is important to meet this need [32, 33].
Therefore, the level of natural antibodies, which is a func-
tion of the innate immune system, should also be inves-
tigated for the potential to provide information about the
immune structure that is resistant to SARS-CoV-2. Most
patients with severe COVID-19 are elderly, chronically
ill, and immunocompromised. In general, advanced age
and chronic diseases are associated with a weakened or
inappropriate immune response. This finding indicates
that this population will need more ICU and polyther-
apy approaches to support the immune system [such as
complex vitamins, oxygen supplementation, intravenous
immunoglobulin (IVIg) and interferon] during epidemics
[34-36]. However, in our study, the mortality rate was high
in the elderly population despite being admitted to the ICU
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and receiving treatment that supports the immune system.
The probable cause of this may be related to the timing of
treatment. For this reason, it is vital to find new markers
that provide an early understanding of the progression of
COVID-19 disease and whose primary focus is the im-
mune system.

In this study, the age, chronic disease, leukocyte count,
neutrophil count, NLR, urea, creatinine, albumin, CRP,
procalcitonin, PT, D-dimer, AST, GGT, LDH and ESR
values were higher for patients who were admitted to the
ICU due to the severity of the disease and died. Converse-
ly, IH, dIH, lymphocyte count, platelet count, erythrocyte
count, hemoglobin and hematocrit values were lower.
All this is proof of why the disease was severe. In addition,
the differences between the IH, dIH and NLR results of
the mortality group and other patient groups were quite
significant. The relationship between the clinical status,
outcomes, and severity of SARS-CoV pneumonia in a re-
cent meta-analysis by Li et al. [37] is similar to our results.
In conclusion, all the above clinical, hematological, and
biochemical findings are important in determining the
course of the disease. However, NLR, IH and dIH are
considered to be the most appropriate parameters for the
estimation of disease severity. Among these, dIH, which
is an indicator of innate immunity, gave higher accuracy
because it includes both IH and NLR. In addition, easy ac-
cess to IH and NLR tests is another advantage of this test.

Our results show that dIH value can be used with other
protocols to provide correct triage according to the severity of
the disease for COVID-19. However, there is a need for more
extensive studies about its use alone. We also recommend
trying different combinations to achieve higher accuracy.

In conclusion, dIH values calculated in the early stages
of the disease in patients with COVID-19 can be used to
understand the clinical progression associated with ICU
admission and mortality.

The authors declare no conflict of interest.
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