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Background: Dysregulated immunity is a hallmark of SARS-CoV-2 infection. Immune suppression is indicated by low monocyte
expression of human leukocyte antigen D-related (mHLA-DR). T cells are important antiviral cells. We aimed to assess the role of
mHLA-DR and T lymphocyte frequency in predicting COVID-19 severity.

Patients and Methods: This cross-sectional study enrolled 97 SARS-CoV-2 positive patients, including mild to moderate (n = 49)
and severe cases admitted to intensive care unit (ICU) (n = 48). These ICU cases were further subdivided into survivors (n = 35) and
non-survivors (n = 13).

Results: Severe cases had a significant decrease in the mHLA-DR mean fluorescence intensity (MFI) and T lymphocyte percentage
compared to mild to moderate cases (P<0.001). Non-survivors had a lower T lymphocyte percentage (P=0.004) than survivors. The
mHLA-DR MFI and T lymphocyte percentage correlated with oxygen saturation (r=0.632, P<0.001) and (r=0.669, P<0.001),
respectively. According to the ROC curves, mHLA-DR MFI, at a cutoff of 143 and an AUC of 0.9, is a reliable biomarker for
distinguishing severe COVID-19 cases, with 89.6% sensitivity and 81.6% specificity, while T lymphocyte frequency had 81.3%
sensitivity and 81.6% specificity at a cutoff of 54.4% and an AUC of 0.9. The T lymphocyte percentage as a predictor of ICU survival
at a cutoff of 38.995% exhibited 100% sensitivity and 57.1% specificity. According to multivariate regression analysis, reduced
mHLA-DR MFI and T lymphocyte percentage are independent predictors of COVID-19 severity (OR = 0.976, 95% CI: 0.955-0.997,
P =0.025) and (OR = 0.849, 95% CI: 0.741-0.972, P = 0.018), respectively.

Conclusion: Reduced mHLA-DR expression and T-lymphocyte percentage are independent predictors of COVID-19 severity.
Oxygen saturation percentage is correlated with mHLA-DR MFI and T lymphocyte frequency. The T lymphocyte frequency is
a proposed predictor of COVID-19 survival in ICU admitted patients.

Keywords: mHLA-DR, COVID-19 patients’ stratification, COVID-19 monitoring, COVID-19 severity discriminators, T cell
lymphopenia

Introduction

Coronavirus disease 2019 (COVID-19), which emerged in Wuhan, China, and has been declared an international
emergency. This disease is caused by the severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2).!
COVID-19 has been linked to 226,844,344 cases worldwide, with an estimated 4,666,334 COVID-19-related deaths.
While most COVID-19 cases are mild, some patients experience acute respiratory distress syndrome (ARDS). The severe
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type of COVID often demands the use of non-invasive or invasive mechanical ventilation (MV) to increase oxygenation,
necessitating admission to an intensive care unit (ICU).?

COVID-19 related ARDS had a worse prognosis than ARDS related to other conditions, with fatality rates ranging
from 65.7% to 94% in patients who require MV.? The most common acute histological patterns in COVID-19 in the lung
include diffuse alveolar damage, alveolar edema, hyaline membrane development, and inflammatory infiltrates.*

Patients with a severe form of COVID-19 have a poor clinical outcome, A hallmark of COVID-19 is lymphopenia,
which is observed in up to 63% of patients with COVID-19.° Monocyte human leukocyte antigen D related (mHLA-DR)
appears to be an essential factor as well for the poor outcomes. According to previous investigations, COVID-19 non-
survivors had a progressive increase in interleukin-6 (IL-6) levels throughout hospitalization. Increased IL-6 levels and
lymphopenia have been associated with low HLA-DR expression.’

Dysregulated immune responses generated by the SARS-CoV-2 infection, such as viral escape from innate sensing
and lymphopenia, which appear to activate immunological pathways that could contribute to COVID-19-induced
systemic damage and mortality.” The development of a cytokine storm is the etiology of the substantial lung damage
in individuals with severe SARS-CoV-2 infection, and monocytes play a key role in this pathological process.®
Dysregulated immunity has been hypothesized as the cause of impaired pulmonary gas exchange in severe cases.’
Previous data highlighted the importance of identifying early non-invasive severity predictors as soon as possible, which
allows for quick medical intervention and, as a result effective patient classification.

HLA-DR is a human leukocyte antigen class II that is expressed on the cell surface of antigen-presenting cells such as
monocytes.'” Reduced antigen presentation potential and, therefore, immunosuppression results from mHLA-DR
decline. So, it is hypothesized that monocytes in severe COVID-19 display a CD14+/HLA-DR-/low phenotype like
immunosuppressive monocytic myeloid-derived suppressor cells.''

Given that T lymphocyte responses are necessary for efficient antiviral immunity and that lymphopenia is a prevalent
laboratory abnormality in the critically ill patients with COVID-19. Several investigations have documented the
relevance of T lymphocyte frequency in COVID-19.'?

Monocytes were found to play a key role in both anti-SARS-CoV-2 immunity, as well as the dysregulated pro-
inflammatory signature that defines severe COVID-19."> COVID-19 has also been linked to reduced HLA-DR expres-
sion with a parallel decrease in the number of lymphocytes.®'* As a result, this study aimed to investigate the role of
expression of mHLA-DR and the T lymphocyte frequency in predicting COVID-19 severity. We also wanted to
determine if there is a link between mHLA-DR and the suppression of T lymphocyte expansion that gives rise of
lymphopenia in COVID-19 patients.

Patients and Methods
Study Type and Participants

This cross-sectional comparative study was conducted on 97 adult patients with confirmed COVID-19. All cases were
recruited from Al-Zahra Hospital, Faculty of Medicine (for Girls), Al-Azhar University, Cairo, Egypt, which was
designated for the diagnosis and the isolation of SARS-CoV-2 positive patients. Patients were recruited from July to
November of the year 2021.

According to the Egyptian Ministry of Health and Population’s (MOHP) guidelines, patients were divided into two
groups based on the severity of their disease.'”> The first group (n = 49) consisted of patients with mild-to-moderate
COVID-19, who were diagnosed, treated, and sent back to their homes for home isolation with none of them complaining
of further severe complications. The second group (n = 48) consisted of patients with severe SARS-CoV-2 infection
admitted to the SARS-CoV-2 ICU isolation unit.

Severe cases were followed to determine survival until ICU discharge. Accordingly, severe cases were further
subdivided into survivors (n = 35) or non-survivors (n = 13). Flow chart describing patients’ recruitment into the
study is shown in Supplementary File 1.

Patients with any of the following characteristics at the time of admission were considered to have severe COVID 19:
(1) oxygen saturation < 92%, (2) respiratory rate > 30 breaths per minute (rest), (3) partial pressure of arterial oxygen
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(Pa02) to fractional concentration of oxygen inspired air (fiO2) ratio of < 300 mmHg, or (4) specific complications such
as septic shock, respiratory failure, and/or multiple-organ dysfunction.

The candidates gave their informed consent before their enrolment in the study. The study was conducted after
obtaining the approval of the Research Ethical Committee of the Faculty of Medicine for Girls. The IRB number was
2021101046. The study was conducted in accordance with the tenets of the Helsinki Declaration.

The sample size was calculated using the Epi Info version 7.2; the calculations were based on the assumption of the
expected frequency rate of 15% with a 95% confidence level, an acceptable margin of error of 5%, with a design effect of
1.0, the minimum calculated sample size was 96.

We included adult patients aged > 18 years with evident SARS-CoV-2 infection. All patients were receiving the
routine COVID-19 treatment in Egypt (a combination of Azithromycin once daily, Paracetamol, vitamin C 1000 mg once
daily, and hydroxychloroquine 200 mg twice daily). We excluded patients with active malignancy, autoimmune disease,
chemotherapy, pregnancy, and unconscious patients who could not give their consent.

Participants’ Assessment

Personal information such as name, age, sex, occupation, contact with a known positive case of SARS-CoV-2 infection,
a history of recent travels, and special habits of medical importance such as smoking. Besides, the history of the present
illness includes the following: onset, course, and duration of the disease; fever, cough, dyspnea, and fatigue; and past
history, including: the onset, course, and duration of the disease, fever, cough, dyspnea, and fatigue, and each
participant’s relevant past history, including: a history of drug intake and respiratory disease such as bronchial asthma,
were all recorded.

Sampling and Study Tools
When the patients first arrived at Al-Zahraa University Hospital, a volume of 8 mL of venous blood was collected from
each subject. Each blood sample was divided into three tubes; the first of which was an EDTA tube into which 2 mL of
blood were transferred for performing a complete blood count (CELL-DYN Ruby, 5-part Hematology analyzer, Abbott,
Illinois, USA) and flow cytometry assay. The second tube was a gel serum separator tube in which 4 mL of the blood
sample were transferred for serum separation after centrifugation. The serum was divided into two portions. The 1st
portion was used for measurement of creatinine and ALT levels using a chemistry auto-analyzer device (Cobas Integra
400 plus, Roche Diagnostics, Germany). The 2nd portion was used to measure C reactive protein (CRP) levels using an
analyzer (integra 400 plus, Ro diagnostics, Germany). The third tube was a sodium citrate blood tube in which the last
2 mL of blood were transferred for measuring D-Dimer levels using an analyzer (Cobas h232, Rodiagnostics, Germany).
Blood samples for arterial blood gas (ABG) measurement were taken with a heparinized syringe, the ABG levels
were measured using an analyzer (Gempremier 3000, instrumentational laboratory, USA). ABG samples were processed
immediately within five minutes after withdrawal in the emergency room of Alzahraa Hospital.

Flow Cytometry Assay

Flow cytometry was conducted at the Flow cytometry Laboratory, Clinical Pathology Department, Al-Zahraa Hospital,
AL-Azhar University using the Four-color FACS Calibur (BD, Biosciences, San Jose, USA). The compensation was
done before acquiring the samples using colour calibrated beads (BD, Biosciences, San Jose, USA, lot 5093879).
Samples were immediately processed within 2 hours of withdrawal.

Each patient consumed two falcon test tubes in addition to an isotype control tube, each containing 50 ul of fresh
blood and 5 ul of CD45-PerCP-conjugated anti-human (BD Biosciences, USA, cat. no. 345809, lot no. 6039924). Then,
in the first tube, we added 5 pl of each of CD14-PE-conjugated anti-human (cat. no. A07764, lot no. 25, Beckman
Coulter, Immunotech, France), and HLA-DR-FITC-conjugated anti-human (cat. no. 555811, lot no. 4342790, BD
Biosciences, USA). In the second tube, we added 5 pl of FITC-conjugated anti-human CD3/PE-conjugated anti-
human CD16+CD56 cocktail (cat. no. 95131, lot no. 6012680). Mixtures in each tube were incubated for 10 min.
RBC destruction reagent (BD Biosciences) was added for RBC lysis before washing. The instrument acquisition was set
at 100,000 events at a slow speed to ensure that each cell intersected with the laser beam separately and to avoid laser
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intersection with doublets. Also, before sample capture, a good vortex was done to ensure the mechanical separation of
doublets if found.

The isotype control tube contained a mouse IgG1 FITC/IgG2a PE cocktail (cat. no. 342409) in addition to CD45-
PerCP. The control tube was loaded to determine the cutoff.

The first tube was used to detect monocytes; the first gate was based on the CD45/SS dot plot on the monocyte area
(the blue population). Then, using a single histogram created from the whole monocyte population, the percentage of
monocytes expressing HLA-DR and the mode of HLA-DR expression were investigated using. The MFI of HLA-DR
positive cells was assessed in the area under the M1 marker (Figure 1).
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Figure | Gating strategies. Gating strategies for detecting the percentage of monocytes expressing HLA-DR and the mode of HLA-DR expression on monocytes and the
frequency of T lymphocytes, with illustration of an example of mMHLADR in mild to moderate case and severe case.
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The initial gate was taken on the CD45/SS dot plot on the lymphocyte area in the second tube for T lymphocyte
detection (the red population). A quadrant plot was created using the total lymphocyte population, with CD3 on the
X-axis and CD56+16 on the Y-axis. Then, in the lower right quadrant denoted by the arrow, T lymphocytes were
identified as CD3 positive and CD56+16 negative to rule out CD3 positive T-natural killer cells (Figure 1).

Statistical Methods

The Statistical Package for the Social Sciences version 26 (IBM Corp., Armonk, NY, USA) was used to code, enter and
analyze all study data. Data were summarized using the mean and standard deviation for normally distributed variables or
the median and interquartile range for non-normally distributed variables. Frequencies (number of cases) and relative
frequencies (percentages) for categorical variables. Comparisons between groups were done using an unpaired #-test for
normally distributed quantitative variables, whereas the non-parametric Mann—Whitney U-test was used for skewed
quantitative variables. For comparing categorical data, the Chi square (c2) test was performed. The Fisher exact test was
used instead when the expected frequency was < 5. Correlations between quantitative variables were done using the
Spearman correlation coefficient. Receiver Operating Characteristics (ROC) curves were constructed and the area under
the curve analysis was performed to detect the best cutoff value of significant markers for the detection of severe cases
and survival. P-values <0.05 were considered statistically significant. Logistic regression was performed to identify
independent predictors of severity adjusted for possible confounders.

Results
The study population consisted of 97 patients with COVID-19 (49 mild to moderate cases and 48 severe ICU admitted
cases). The age, demographic data and the clinical findings of the studied cases are shown in Table 1.

No statistically significant difference was determined between the two groups in terms of sex, whereas the ages of the
study participants were significantly lower in the mild to moderate group than in the severe group (P < 0.001).

The median (IQR) values of the percentages of monocytes expressing mHLA-DR, mHLA-DR MFI, and the
T lymphocyte percentage among the mild to moderate cases were 98 (97-99), 208 (148-259), and 57.8 (55-66),
respectively, while the median (IQR) values of the percentages of monocytes expressing mHLA-DR, mHLA-DR MFI,
and T lymphocyte percentage in severe cases were 80.5 (53-93), 90 (58-111.5), and 33.75 (19.23-52.26). Accordingly,
comparison between both groups revealed that severe COVID-19 patients showed significantly lower values of all three
mentioned markers (P < 0.001), as shown in Table 2.

Also, the comparisons of laboratory data between the mild to moderate and severe groups revealed that the patients
with severe COVID-19 showed a significantly lower median absolute lymphocytic count (ALC). In addition to the higher
median values of neutrophil lymphocyte ratio (NLR), D-dimer levels, and CRP levels. The relevant data are presented in
Table 2.

Severe cases (n = 48) were subdivided according to the survival outcome of the disease into survivors n = 35
(72.9%) and non-survivors n = 13 (27.1%). The median (IQR) T cell percentage in non-survivors was 20.30 (13.49—
27.69) whereas in survivors was 42.1 (19.27-54.95). Accordingly, comparisons between both groups revealed
a significant decrease in non-survivors (P = 0.004). While no statistically significant difference was found between
both groups regarding mHLA-DR MFI, the percentage of monocytes expressing mHLA-DR, D-dimer and CRP levels in
Table 3.

Correlation studies revealed a positive correlation between mHLA-DR MFI with T lymphocyte percentage, and
oxygen (02) saturation percentage, in all study participants (n = 97) (r = 0.504, P < 0.001) and (r = 0.632, P < 0.001).

A negative correlation was seen between mHLA-DR MFI with CRP (r=- 0.494, P < 0.001) and with D-Dimer levels
(r= - 0.455, P < 0.001), Table 4, Figure 2.

Also, the correlation studies revealed a positive correlation of the T lymphocyte percentage with O2 saturation
percentage in all study cases (n = 97) (r = 0.669, P < 0.001). While a negative correlation was observed with the NLR
(r =-0.212, P = 0.037), CRP levels (r = —0.536, P < 0.001) and with D-Dimer levels (r = —0.326, P = 0.001), as
shown in Table 4.
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Table | Age, Demographic Data and the Clinical Disease Presentation of the Study Participants

Group P value
Mild to Moderate Group (n=49) Severe Group (n=48)
Count % Count %
Sex M 21 42.9% 25 52.1% 0.363
F 28 57.1% 23 47.9%
Fever Yes 18 36.7% 39 81.3% < 0.001
No 31 63.3% 9 18.8%
Cough Yes 20 40.8% 39 81.3% < 0.001
No 29 59.2% 9 18.8%
Dyspnea Yes 14 28.6% 45 93.8% < 0.001
No 35 71.4% 3 6.3%
GIT manifestations Yes 5 10.2% 6 12.5% 0.721
No 44 89.8% 42 87.5%
CT Grade 0 2 4.1% 0 0.0% < 0.001
2 2 4.1% 0 0.0%
3 37 75.5% 3 6.3%
4 8 16.3% 28 58.3%
5 0 0.0% 17 35.4%
DM Yes 6 12.2% 17 35.4% 0.007
No 43 87.8% 31 64.6%
Hypertension Yes 10 20.4% 24 50.0% 0.002
No 39 79.6% 24 50.0%
Bronchial asthma Yes 8 16.3% 3 6.3% 0.118
No 41 83.7% 45 93.8%
Mean SD Mean SD P value
Agelyear 4222 14.51 60.31 14.48 < 0.001
O2 saturation % 96.02 1.39 80.75 1.4 < 0.001

Abbreviations: CT, chest computed tomography; DM, diabetes mellitus; GIT, gastro-intestinal tract; SD, standard deviation.

The output data of the performed ROC curves for the percentage of monocytes expressing HLA-DR, mHLA-DR MFI,
the T lymphocyte percentage, D-Dimer levels, and CRP levels revealed that mHLA-DR MFI and T lymphocyte were the best
severity discriminators between all the studied markers. At a cutoff of 143 and an AUC of 0.9, the mHLA-DR MFI showed
89.6% sensitivity and 81.6% specificity to discriminate severe cases. T lymphocyte frequency with a cutoff of 54.4% and an
AUC of 0.9 had a sensitivity of 81.3% and a specificity of 81.6%, as shown in Table 5A and Figure 3A.

The results of the performed ROC curve of T lymphocyte frequency as a predictor of ICU survival at a cutoff of
38.995% and an AUC of 0.771 revealed (100%) sensitivity and (57.1%) specificity (P < 0.001), as shown in Table 5B

and Figure 3B.
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Table 2 Comparison Between Mild to Moderate Group and Severe Group Regarding Laboratory Data

Mild to Moderate Group (n=49) Severe Group (n=48) P value
Median | Ist Quartile | 3rd Quartile | Median | Ist Quartile | 3rd Quartile

ALT U/L 19.00 14.00 35.00 26.00 16.50 38.00 0.066
CREAT mg/di 0.70 0.60 1.00 1.00 0.60 1.50 0.043
TLC (x10% \mm?) 7.00 5.30 8.60 7.90 5.85 12.50 0.096
ANC (x10® \mm?) 4.50 3.60 6.40 5.95 3.80 8.10 0.011
AMC (x10% \mm?®) 0.54 0.40 0.70 0.50 0.13 0.90 0.492
ALC (x10° \mm®) 1.49 1.00 1.90 0.94 0.60 1.70 0.009
PLT (x10° \mm?®) 240.00 172.00 288.00 193.50 141.00 267.00 0.126
NLR 3.40 1.90 5.70 5.70 2.95 12.15 < 0.001
PLR 166.90 96.25 255.00 209.00 134.50 250.15 0.143
% of monocytes expressing mHLA-DR 98.00 97.00 99.00 80.50 53.00 93.00 < 0.001
mHLA-DR MFI 208.00 148.00 259.00 90.00 58.90 111.50 < 0.001
T lymphocytes 57.80 55.00 66.00 33.75 19.23 52.26 < 0.001
CRP mg/L 3.10 1.40 8.00 65.70 18.00 119.50 < 0.001
D-dimer ng/mL 400.00 300.00 450.00 900.00 445.00 2278.00 < 0.001

Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocytic count; ANC, absolute neutrophil count; CRP, C reactive protein; MLR, monocyte lymphocyte
ratio; mHLA-DR, monocytes human leukocyte antigen D related; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; TLC, total leucocyte count.

Table 3 Comparison of Study Variables Between Survivors and Non-Survivors

Outcome of Severe Cases P value
Severe Survivors (n=35) Severe Non-Survivors (n=13)
Median | Percentile 25 | Percentile 75 | Median | Percentile 25 | Percentile 75
Monocytes % expressing HLADR 82.00 53.00 94.00 60.00 34.00 84.00 0.336
mHLADR MFI 93.00 61.00 113.00 64.00 40.00 83.00 0.070
T lymphocytes % 42.10 19.27 54.95 20.30 13.49 27.69 0.004
CRP mg/L 66.00 11.40 108.00 65.40 38.00 131.00 0.444
D-dimer ng/mL 900.00 400.00 1600.00 2101.00 730.00 3100.00 0.112

Abbreviations: CRP, C reactive protein; mHLA-DR, monocytes human leukocyte antigen D related.

Furthermore, multiple logistic regression analysis of the percentage of monocytes expressing HLA-DR, mHLA-DR
MFI, T lymphocyte percentage with age, diabetes mellitus, bronchial asthma, and hypertension for the identification of
COVID-19 severity predictors revealed that mHLA-DR MFI and the T lymphocyte percentage were independent predictors
of COVID-19 severity (OR = 0.976, 95% CI: 0.955-0.997, P = 0.025) and (OR = 0.849, 95% CI: 0.741-0.972, P = 0.018)
respectively, as shown in Table 6.

Multiple logistic regression analysis of T lymphocyte percentage, age, diabetes mellitus, bronchial asthma, and
hypertension with COVID-19 survival outcome was not feasible due to the low number of non-survivors with the above-

mentioned co-founders.
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Table 4 Correlation of mHLA-DR MFI, Percentage of Monocytes Expressing HLA-DR and T Lymphocyte Percentage with the Other
Studied Markers in All Study Cases (n=97)

mHLA-DR MFI % of Monocytes Expressing T Lymphocyte %
MHLA-DR

Correlation Coefficient | P value | Correlation Coefficient | P value | Correlation Coefficient | P value
O, saturation % 0.632 < 0.001 —0.418 < 0.001 0.669 <0.001
PDWIAl —0.050 0.625 0.187 0.067 —0.044 0.671
MPV /i 0.258 0.011 —0.059 0.569 0.162 0.114
ALT U/L —0.205 0.044 0.336 0.001 —0.328 0.001
Creatinine mg/dl —0.091 0.374 —0.194 0.057 —-0.216 0.034
TLC (x10® \mm®) —0.189 0.064 —0.158 0.122 —0.102 0.320
ANC (x10* \mm°) —0.257 0.011 —0.222 0.029 —0.151 0.139
AMC (x10* \mm?) 0.113 0.271 -0.318 0.002 0.028 0.783
ALC (x10% \mm?) 0.220 0.030 0.078 0.446 0.187 0.066
NLR —0.309 0.002 0.279 0.006 -0.212 0.037
PLR —0.071 0.491 —0.398 < 0.001 —-0.173 0.090
T lymphocytes % 0.504 < 0.001 0.011 0917 _— —_—
CRP mg/L —0.494 < 0.001 0.464 0.000 —0.536 <0.001
D-dimer ng/mL —0.455 < 0.001 —0.477 0.000 —0.326 0.001

Abbreviations: ALC, absolute lymphocyte count; ALT, alanine transaminase; AMC, absolute monocytic count; ANC, absolute neutrophil count; CRP, C reactive protein;
MLR, monocyte lymphocyte ratio; mHLA-DR, monocytes human leukocyte antigen D related; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; TLC, total
leucocyte count.

Discussion

COVID-19 has a devastating effect on the economy, society, and public health. Most of the patients are asymptomatic or
minimally symptomatic, with just around a quarter of cases progressing to a severe stage. A serious infection usually
starts first in the respiratory system, but it can progress to multiple organ failure.'® Understanding the role of immune
cells in the wide spectrum of COVID-19 clinical symptoms is crucial for developing effective treatment strategies.

The HLA-DR is an important regulator of antigen presentation that influences the immunological T cell response and
disease prognosis.'” As a result, the goal of this investigation was to assess if there was a link between monocyte HLA-
DR expression, the T lymphocyte frequency, and the COVID-19 course diversity.

No significant difference was found in the absolute monocytic count (AMC) between the mild to moderate group and
the severe ICU admitted group (P=0.492), whereas the comparison revealed a significant decrease in the median value of
mHLA-DR MFI in severe cases (P< 0.001), indicating that the defect is purely functional and not related to the count.
This finding was in line with those of another study by Schulte-Schrepping et al study which documented the decreased
levels of mHLA-DR in severe COVID-19 patients.'® Also, in patients with COVID-19, Arunachalam et al observed
a significant decrease in the expression of genes implicated in monocyte antigen-presentation pathways and the reduced
expression of mHLA-DR when compared to controls, with these findings augmented in severe cases.'* Another study by
Bonnet et al explained that the high IL-6 level is the cause of the down-regulated mHLA-DR expression via the STAT3
signaling pathway, and higher IL-6/mHLA-DR ratios are associated with severity in COVID-19 cases."’

When severe COVID-19 patients were compared to mild to moderate COVID-19 patients, it was discovered that
severe COVID-19 patients had a significantly decreased percentage of T lymphocyte (P< 0.001). These findings were
similar to those of de Candia et al who reported that severe infection is characterized by significant T cell depletion.?
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Figure 2 Correlation of mHLA-DR MFI with other study markers in all study cases (n=97). (A) Positive correlation of mHLA-DR MFI with O2 saturation was seen
(r=0.632, P < 0.001) (B) Negative correlation of mMHLA-DR MFI with CRP was seen (r=—0.494, P < 0.001). (C) Positive correlation of mHLA-DR MFI with T lymphocyte %
was seen (r=0.504, P < 0.001).
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Table 5 (A) The ROC Curve Output Data for the Percentage of Monocytes Expressing HLA-DR, mHLA-DR MFI, T Lymphocytes
Percentage, D-Dimer, and CRP as Discriminators of Severity Between Mild-to-Moderate and Severe Groups. (B) ROC Curve Output
Data for T Lymphocyte Percentage Discrimination of Survival in Severe ICU Admitted Patients

Area P value 95% Confidence Cut | Sensitivity | Specificity | PPV | NPV | Accuracy
Under Interval Off % % % %
Curve

Lower Upper
Bound Bound

A: Output data of ROC curve for discrimination of severity.

mHLA-DR MFI 0.9 < 0.001 0.843 0.963 143 89.6 81.6 82.69 | 88.89 | 85.57

% of monocytes 0.87 < 0.001 0.793 0.946 94.5 79 85.7 90.00 | 78.95 | 83.51
expressing HLA-DR

T lymphocytes % 0.9 < 0.001 0.839 0.960 54.4 8l1.3 81.6 9444 | 77.05 | 835l
CRP mg/L 0.87 < 0.001 0.796 0.948 15 77.1 85.7 97.06 | 76.19 | 835l
D-dimer ng/mL 0.82 < 0.001 0.728 0.902 525 70.8 85.7 8293 | 75.00 | 7835

B: Output data of ROC curve for discrimination of survival.

T lymphocytes % 0.77 < 0.001 0.64 0.9 38.99 100 57 46.43 | 100.00 | 68.75

Abbreviations: CRP, C reactive protein; MFl, Mean fluorescence intensity; mHLA-DR, monocytes human leukocyte antigen D related; PPV, positive predictive value; NPV,
negative predictive value.

Cizmecioglu et al and Taghiloo et al proposed that a decrease in the T cell count is most likely due to the rapidly
propagating virus and investigated the T cell apoptosis pattern, discovering that the number of apoptotic T lymphocytes
were increased in all COVID-19 patients compared to controls. Furthermore, apoptotic T lymphocytes were found to be
significantly higher in severe cases than in mild cases, indicating that apoptosis-induced T-cell lymphopenia is linked to
COVID-19 severity.?"*

Regarding the NLR and PLR, only the NLR significantly increased in the severe ICU admitted patients (P< 0.001),
which was consistent with Hammad et al, who stated that NLR elevation is an indicator of a poor prognosis.** In terms of
the PLR, Bg et al previously indicated that PLR has a predictive value in COVID-19 investigations, but this finding was
not confirmed in our study.>* Kalabin et al cautioned against using both the NLR and the PLR as independent markers of
illness severity.*>

When comparing the severe group to the mild to moderate group, the CRP values showed a substantial rise in severe
cases (P< 0.001). This was in line with the findings of Wang et al and Huang et al who proposed CRP as a prognostic
marker for COVID-19.?” D-Dimer levels showed significant elevation in the severe ICU admitted group when
compared with the mild to moderate group, with a median value (IQR) of 900 ng/mL (445-2278) in the severe cases.
This was nearly in line with the findings of Zhou et al, who found that D-Dimer levels of more than 1000 ng/mL could
aid clinicians in identifying patients with a poor prognosis at an early stage.”®

Severe cases were subdivided based on the disease’s outcome into survivors (n = 35, or 72.9%) and non-survivors
(n = 13, or 27.1%). When the percentage of monocytes expressing HLA-DR, mHLA-DR MFI, the T lymphocyte
percentages, CRP levels, and D-Dimer levels were compared between survivors (n = 35) and non-survivors (n = 13),
only the T lymphocyte percentage was significantly lower in non-survivor cases (P = 0.336), (P = 0.070), (P = 0.004),
(P = 0.444), and (P = 0.112), respectively (Table 3).

This significantly lower percentage of T lymphocytes in non-survivors agreed with Montiel-Cervantes et al, who
stated that lower levels of T cells are useful as biomarkers of mortality in severe COVID-19.%° This was supported by the
findings of Zhao et al, whose study confirmed that lymphocytopenia and, in particular, low CD4+ T cells, were immune-
related risk factors for COVID-19 patients’ mortality.*® The overwhelming immune response to SARS-CoV-2 infection,
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Figure 3 Output data of ROC curves regarding monocyte % expressing HLA-DR, mHLA-DR MFI, T lymphocytes %. (A) Output data of ROC curve for monocyte %
expressing HLA-DR, mHLA-DR MFI, T lymphocyte %, as discriminators of severity between mild to moderate group and severe group. (B) Output data of ROC curve to
assess T lymphocyte frequency as a predictor of survival in ICU admitted patients (P< 0.001).
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Table 6 Multiple Regression Analysis of Percentage of Monocytes Expressing HLADR, HLADR MFI, and T Lymphocyte Percentage
with Co-Founders Affecting COVID-19 Severity and Survival

P value OR 95% C.L
Lower Upper
Severity Monocytes % expressing HLADR 0.307 0.946 0.850 1.052
HLADR MFI 0.025 0.976 0.955 0.997
T lymphocytes % 0.018 0.849 0.741 0.972
Age 0.517 1.025 0.951 1.104
DM 0.139 6.988 0.532 91.744
Hypertension 0.836 0.782 0.076 8.064
Bronchial asthma 0.161 0.035 0.000 3.787

which is based on T cells, explains the COVID-19 mortality pattern, which contributes significantly to the substantial
collateral damage that leads to death in ICU admitted patients.”'

Although the difference between of the median values of mHLADR MFI was non-significant (P = 0.07), a lower level
was detected in non survivors (median = 64; IQR = 40-83) than in survivors (median = 93; IQR = 61-113). These
findings were in line with the findings of Palojérvi et al, who reported that lower mHLADR MFTI is linked to a higher risk
of death.’!

In the present study, there was a negative correlation of mHLA-DR MFI with CRP (r = —0.494, P < 0.001) and with
D-Dimer levels (r = —0.455, P < 0.001). These findings strengthen the prognostic value of mHLA-DR MFI in
COVID-19.

In the current study, a positive correlation of mHLA-DR MFI with the T lymphocyte percentage was observed
(r=0.504, P < 0.001). This finding agreed with Giamarellos-Bourboulis et al.** According to Benlyamani et al and Payen
et al, both decreased mHLA-DR expression and lymphopenia were parallel markers of immunosuppression in critically
ill patients.”*~*

Falck-Jones et al proposed that monocytic MDSC-driven mechanisms of T cell suppression in inflammatory condi-
tions include the secretion of arginase 1, which catabolizes l-arginine leading to the generation of reactive oxygen species
and nitrogen species to suppress immune responses, the direct engagement of T cell inhibitory and apoptotic receptors,
and the production of inhibitory cytokines.>® Grant et al proposed a monocyte-T lymphocyte circuit to explain T cell
lymphopenia, suggesting that the SARS-CoV-2 infection of alveolar monocyte-derived macrophages induces the synth-
esis of T lymphocyte chemokines, which enhance T lymphocyte migration to the lungs.*

A positive association of mHLA-DR MFI with O2 saturation % was seen in all study participants (n = 97) (r = 0.62,
P < 0.001). According to a study by Schulte-Schrepping et al, poor expression of mHLA-DR is commonly associated
with decreased anti-inflammatory cytokines levels and high levels of proinflammatory cytokines, which leads to
respiratory failure.'® Furthermore, Giamarellos-Bourboulis et al found that the majority of patients with severe respira-
tory failure had immunological paralysis characterized by reduced mHLA-DR expression, which is driven by high 1L-6
production.®? Arunachalam et al also demonstrated functional suppression of monocytes in patients with COVID-19,
explaining that the elevated levels of inflammatory cytokines observed in the circulation in COVID-19 are due to tissue
origin from lung injury and organ dysfunction'* (Table 4).

Furthermore, in all 97 cases studied, the percentage of T lymphocytes was strongly correlated with the percentage of
02 saturation percentage (r = 0.669, P < 0.001). According to a study by Zhao et al, depletion of the CD4+ T cells leads
to enhanced immune-mediated interstitial pneumonitis and delayed clearance of SARS-CoV from the lungs, demonstrat-
ing the vital role of the CD4+ T lymphocyte in preventing SARS-CoV infection.
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A negative correlation was seen between the T lymphocyte percentage and the NLR (r = —0.212, P = 0.037), CRP
(r =-0.536, P < 0.001) and with the D-Dimer levels (r = —0.326, P = 0.001), as shown in Table 4. These three above
mentioned parameters are well-established severity markers,>* bolstering the T lymphocyte percent’s prognostic
usefulness in COVID-19.

To identify the most reliable biomarkers to distinguish severe COVID-19 cases, ROC curves for the percentage of
monocytes expressing HLA-DR, mHLA-DR MFI, the T lymphocytes percentage, D-Dimer levels, and CRP levels were
performed, and they revealed that mHLA-DR MFI and the T lymphocytes percentage were the best severity discrimi-
nators out of all the studied markers. ROC curves revealed that at a cutoff of 143 and an AUC of 0.9, mHLA-DR MFI
had 89.6% sensitivity and 81.6% specificity. Similarly, the T lymphocyte percentage with a cutoff of 54.4% and an AUC
of 0.9 had a sensitivity of 81.3% and a specificity of 81.6%, as shown in Table 5 and Figure 3A.

This is reinforced by recent research by Astbury et al who documented that HLADR polymorphisms influence COVID-19
outcome.'” Both helper T (Th) cells and cytotoxic T cells have also been shown to play an important antiviral role by balancing
the fight against the virus with the risk of developing autoimmunity or overwhelming inflammation. Locally and systemically,
their absence will result in uncontrolled inflammatory innate reactions and detrimental tissue damage.*°

The results of the performed ROC curve of the T lymphocyte frequency as a predictor of ICU survival at a cutoff of
38.995% and an AUC of 0.771 demonstrated 100% sensitivity and 57.1% specificity (P< 0.001) (Figure 3B). This
matched the findings of the He et al study, according to which T-lymphocyte count was linked to COVID-19 course
advancement.>” The T lymphopenia was thought to be caused by an overactive host immune response that could not clear
the virus, but it worsens the respiratory distress and the organ damage.’

Furthermore, multiple logistic regression analysis of study markers and co-founders revealed that mHLA-DR MFI and
the T lymphocyte percent are independent predictors of COVID-19 severity (OR =0.976, 95% CI: 0.955-0.997, P =0.025)
and (OR = 0.849, 95% CI: 0.741-0.972, P = 0.018) respectively (Table 6).

The CD147 spike protein is hypothesized to be involved in the SARS-CoV-2 infection of human T cell lines. COVID-19
treatment outcomes could also be improved by suppressing the CD147 protein and preventing the SARS-CoV-2 infection.*®

Study Limitations

There is no extensive flow cytometry analysis of the T cell subsets and monocyte-excreted cytokines to assess
functionality over a wide range. A drawback is the small number of non-survivors in the sample. Despite this, our
findings revealed a link between the oxygen saturation % and both the T cell percentage and mHLA-DR expression,
highlighting the possibility of using the reduction of these biomarkers as predictors of respiratory failure and the need for
mechanical ventilation. Furthermore, the current study reveals a link between T lymphocyte frequency, which is easily
assessed, and ICU patient survival. Also, our findings emphasize the importance of continued immunological monitoring
in severe SARS-Cov2 infections and refer to possible immunotherapy target. Future research should cover the
T lymphocyte subpopulation. In addition, we urge future studies to follow patients over time to see how treatment
affects HLADR expression in severe cases. Also, it is recommended to assess if the inhibition of CD147 protein has
a therapeutic effect on COVID-19-related T lymphocytopenia.

Conclusion

Reduced mHLA-DR expression and the T lymphocyte percentage are independent predictors of COVID-19 severity. The
oxygen saturation is correlated with the T cells percentage and the mHLA-DR MFI. Moreover, T cell frequency is
proposed as a predictor of COVID-19 survival in ICU newly admitted patients.
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