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SUMMARY

Comparison of Monocyte Human Leukocyte Antigen-D-Related (mHLA-DR)
Expression Levels between Corona Virus Disease 2019 (COVID-19) Patients
and Healthy Subjects

Several studies have shown that Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) infection can trigger immune dysregulation and
immunosuppression that is associated with disease severity in Coronavirus disease
2019 (COVID-19) patients. Dysregulation of immune response in COVID-19
patients, some of them can be triggered by excessive production of pro-
inflammatory cytokines. Excessive production of these pro-inflammatory cytokines
can lead to impaired antigen presentation through inhibition of HLA-DR molecule
expression. The HLA-DR molecule is a transmembrane glycoprotein that plays a
role in antigen presentation and T-cell activation. The stage of antigen presentation
to lymphocytes is critical for activating an adaptive immune response and a
sustained immune response to clear pathogens. mHLA-DR is an HLA-DR
expressed on the surface of monocytes. Monocytes are considered a key immune
cell that plays a role in infection, as well as a first-line cellular response that initiates
and promotes an adaptive immune response. Downregulation of mHLA-DR surface
expression in CD14" monocytes represents a state of immunosuppression. The role
of immunosuppression in COVID-19 is still unclear, besides that, monitoring of
immune dysfunction in COVID-19 patients is still not a full concern because it is
generally not monitored in clinical routines during patient care. Understanding the
role of immune cells (mHLA-DR) in the various clinical symptoms of COVID-19
is critical to developing effective treatment strategies. The method of measuring the
expression of mHLA-DR is a fast and easy technique using flow cytometry. As in
the sepsis case, the expression of mHLA-DR is expected to be a reliable marker for
the evaluation of immune dysfunction in COVID-19 patients. Accordingly, data
regarding the measurement of mHLA-DR expression in COVID-19 in Indonesia is
still very limited. This study aimed to analyze the level of mHLA-DR expression
in COVID-19 concerning the incidence of immunosuppression by comparing the
mHLA-DR expression in COVID-19 patients with healthy subject.

This study was an analytical observational study with a cross-sectional
design that was analyzed the differences in mHLA-DR expression in EDTA blood
samples from 34 COVID-19 (22 mild, 6 moderate, and 6 severe-critical) patients
and 15 healthy subjects. The instrument used for measuring mHLA-DR was the BD
FACSLyric™ Flow Cytometry. mHLA-DR examination results expressed in
antibodies bound per cell (AB/C) that were quantified using a standard curve
constructed with Quantibrite phycoerythrin beads. The reference value used in this
study was >15,000 AB/C. All examination results data were analyzed statistically
using SPSS version 26,0.

The results of this study showed that mHLA-DR expression in COVID-19
patients were 21,201 [2,646-92,384] AB/C, with mild clinical manifestations were
40,543.5 [9,797-92,384] AB/C, moderate clinical manifestations were 21,201
[9,831-31,930] AB/C, and severe-critical clinical manifestations were 7,496
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[2,646-13,674] AB/C. mHLA-DR expression in healthy subjects were 43,161
[25,147-89,846] AB/C. Based on the Mann-Whitney U test, the expression of
mHLA-DR in COVID-19 patients was significantly different from the healthy
subjects (p = 0.010). Based on the Spearman correlation test, there was no
correlation between mHLA-DR expression and monocytes (%) in healthy subjects
(» = 0.663 dan r = 0,123) instead of in COVID-19 patients there was a correlation
between mHLA-DR expression and monocytes (%) (p = 0.015 and » = 0,613). On
the other hand, although a significant difference could not be seen due to the
limitation of subjects in this study, immunosuppression could be indicated by the
decrease in mHLA-DR expression below the reference value in severe to critical
COVID-19 patients.

This study concludes that the results of measuring mHLA-DR expression in
COVID-19 patients were lower than healthy individuals due to the presence of
SARS-CoV-2 infection which can trigger the production of pro-inflammatory
cytokines (IL-6) which can cause decreased expression of mHLA-DR. The results
of measuring mHLA-DR expression in COVID-19 patients decreased with the
severity of the disease, mHLA-DR expression in COVID-19 patients with severe
clinical manifestations was lower than those with moderate clinical manifestations,
and mHLA-DR expression in COVID-19 patients with moderate clinical
manifestations was lower than those with mild clinical manifestations. mHLA-DR
expression in COVID-19 patients is significantly different from healthy subject.

In future research, to see statistical differences in mHLA-DR expression
between clinical manifestation groups in COVID-19 and the relationship between
mHLA-DR expression and disease severity in COVID-19, it is suggested to group
the COVID-19 samples based on their clinical manifestations according to
statistical requirements. Periodic measurement of mHLA-DR expression during the
patient's treatment period is also necessary to be able to see whether there is a
specific decrease in mHLA-DR expression levels in COVID-19 patients and its
relationship with the disease prognosis. The examination of additional parameters
related to mHLA-DR, such as the pro-inflammatory cytokine IL-6 and CD4" T
lymphocytes can be carried out to determine the specific causes of low mHLA-DR
expression and its impact on the immune system in COVID-19 patients.

X
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RINGKASAN

Perbandingan Tingkat Ekspresi Monocyte Human Leukocyte
Antigen D-Related (mHLA-DR) pada Penderita Coronavirus Disease 2019
(COVID-19) dan Individu Sehat

Beberapa penelitian menunjukkan bahwa infeksi Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) dapat memicu disregulasi
imun dan imunosupresi yang terkait dengan tingkat keparahan penyakit pada
penderita Coronavirus Disease 2019 (COVID-19). Disregulasi respons imun pada
penderita COVID-19, beberapa di antaranya dapat dipicu oleh produksi sitokin
proinflamasi yang berlebihan. Produksi sitokin pro-inflamasi yang berlebihan ini
dapat menyebabkan gangguan presentasi antigen melalui penghambatan ekspresi
molekul HLA-DR. Molekul HLA-DR adalah glikoprotein transmembran yang
berperan dalam presentasi antigen dan aktivasi sel-T. Tahap presentasi antigen ke
limfosit sangat penting untuk mengaktifkan respons imun adaptif dan respons imun
yang berkelanjutan untuk membersihkan patogen. mHLA-DR adalah HLA-DR
yang diekspresikan pada permukaan monosit. Monosit dianggap sebagai sel
kekebalan kunci yang berperan dalam infeksi, serta respons seluler lini pertama
yang memulai dan mempromosikan respons imun adaptif. Downregulasi ekspresi
permukaan mHLA-DR pada monosit CD14" menandakan keadaan imunosupresi.
Peran imunosupresi pada COVID-19 masih belum jelas, selain itu pemantauan
disfungsi imun pada penderita COVID-19 masih belum menjadi perhatian penuh
karena umumnya tidak dipantau dalam rutinitas klinis selama perawatan pasien.
Memahami peran sel imun (mHLA-DR) dalam berbagai gejala klinis COVID-19
sangat penting untuk mengembangkan strategi pengobatan yang efektif. Metode
pengukuran ekspresi mHLA-DR merupakan teknik yang cepat dan mudah
menggunakan flow cytometry. Data mengenai pengukuran ekspresi mHLA-DR
pada COVID-19 di Indonesia masih sangat terbatas. Ekspresi mHLA-DR
diharapkan menjadi penanda yang dapat diandalkan untuk evaluasi disfungsi imun
pada penderita COVID-19 sebagaimana pada kasus sepsis. Penelitian ini bertujuan
untuk menganalisis tingkat ekspresi mHLA-DR pada COVID-19 terhadap kejadian
imunosupresi dengan membandingkan ekspresi mHLA-DR pada penderita
COVID-19 dengan subjek sehat.

Penelitian ini merupakan penelitian observasional analitik dengan desain
cross-sectional yang menganalisis perbedaan ekspresi mHLA-DR pada sampel
darah EDTA dari 34 penderita COVID-19 (22 ringan, 6 sedang, dan 6 berat-kritis)
dan 15 individu sehat. Alat yang digunakan untuk mengukur ekspresi mHLA-DR
adalah BD FACSLyric™ Flow Cytometry. Hasil pemeriksaan mHLA-DR
dinyatakan dalam satuan antibodies bound per cell (AB/C) yang dikuantifikasi
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menggunakan kurva standar yang dibuat dengan Quantibrite beads PE
(phycoerythrin). Nilai rujukan yang digunakan dalam penelitian ini adalah
>15.000 AB/C. Semua data hasil pemeriksaan dianalisis secara statistik
menggunakan SPSS versi 26.0.

Hasil penelitian ini menunjukkan bahwa ekspresi mHLA-DR pada penderita
COVID-19 sebesar 21.201 [2.646-92.384] AB/C, dengan manifestasi klinis ringan
sebesar 40.543,5 [9.797-92.384] AB/C, manifestasi klinis sedang sebesar 21.201
[9.831-31.930] AB/C, dan manifestasi klinis berat-kritis sebesar 7.496 [2.646-
13.674] AB/C. Ekspresi mHLA-DR pada individu sehat sebesar 43.161 [25.147-
89.846] AB/C. Berdasarkan uji Mann-Whitney U, ekspresi mHLA-DR pada
penderita COVID-19 berbeda bermakna dengan subjek sehat (p = 0,010).
Berdasarkan uji korelasi Spearman, tidak terdapat hubungan antara ekspresi
mHLA-DR dengan monosit (%) pada subjek sehat (p = 0,663 dan r = 0,123),
sebaliknya pada penderita COVID-19 terdapat hubungan antara ekspresi mHLA -
DR dengan monosit (%) (p = 0,015 dan » = 0,613). Di sisi lain, meskipun tidak
dapat dilihat perbedaannya secara statistik karena keterbatasan jumlah subjek antar
derajat dalam penelitian ini, imunosupresi ditunjukkan dengan penurunan ekspresi
mHLA-DR di bawah nilai rujukan pada penderita COVID-19 dengan manifestasi
klinis berat-kritis.

Kesimpulan dalam penelitian ini adalah, hasil pengukuran ekspresi mHLA-
DR pada penderita COVID-19 lebih rendah dibandingkan individu sehat akibat
adanya infeksi SARS-CoV-2 yang dapat memicu produksi sitokin pro-inflamasi
(IL-6) yang dapat menyebabkan penurunan ekspresi mHLA-DR. Hasil pengukuran
ekspresi mHLA-DR pada penderita COVID-19 semakin rendah seiring dengan
derajat keparahan penyakit, ekspresi mHLA-DR pada penderita COVID-19 dengan
manifestasi klinis berat lebih rendah dibanding dengan manifestasi klinis sedang,
dan ekspresi mHLA-DR pada penderita COVID-19 dengan manifestasi klinis
sedang lebih rendah dibanding dengan manifestasi klinis ringan. Ekspresi mHLA-
DR pada penderita COVID-19 berbeda bermakna dengan individu sehat.

Pada penelitian selanjutnya, untuk dapat melihat perbedaan ekspresi
mHLA-DR antar derajat keparahan pada penderita COVID-19 secara statistik dan
hubungan ekspresi mHLA-DR dengan derajat keparahan pada penderita COVID-
19, disarankan untuk dapat mengelompokkan sampel COVID-19 berdasarkan
manifestasi klinis sesuai persyaratan statistik. Pengukuran Ekspresi mHLA-DR
secara periodik selama masa perawatan pasien juga perlu dilakukan untuk dapat
melihat apakah terdapat penurunan tingkat ekspresi mHLA-DR secara spesifik pada
penderita COVID-19 dan hubungannya dengan prognostik penyakit. Pemeriksaan
parameter tambahan yang berhubungan dengan mHLA-DR seperti sitokin pro-
inflamasi IL-6 dan limfosit CD4" dapat dilakukan untuk menentukan penyebab
rendahnya ekspresi mHLA-DR dan dampaknya pada sistem imun penderita
COVID-19.
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ABSTRACT

Background: SARS-CoV-2 can trigger a dysfunctional immune response in
COVID-19 patients and lead to immunosuppression. HLA-DR molecule expressed
on the surface of monocytes, known as mHLA-DR, has been widely used as a
reliable marker of immunosuppression. Downregulation of mHLA-DR reflects an
immunosuppressed state. This study aimed to compare the expression level of
mHLA-DR between COVID-19 patients and healthy subjects concerning immune
system dysregulation that can be triggered by SARS-CoV-2 and lead to
immunosuppression. Methods: This was an analytic observational study with a
cross-sectional design that measured the mHLA-DR expression in EDTA blood
samples from 34 COVID-19 patients and 15 healthy subjects using the BD
FACSLyric™ Flow Cytometry System. The mHLA-DR examination results were
expressed in AB/C (antibodies bound per cell) that were quantified using a standard
curve constructed with Quantibrite phycoerythrin beads (BD Biosciences). Results:
Expression of mHLA-DR in COVID-19 patients (n=34) were 21,201
[2,646-92,384] AB/C, with 40,543.5 [9,797-92,384] AB/C mild cases (n=22),
21,201 [9,831-31,930] AB/C moderate cases (n=6), and 7,496 [2,646-13,674]
AB/C severe to critical cases (n=6). Expression of mHLA-DR in healthy subjects
(n = 15) was 43,161 [25,147-89,846] AB/C. Based on the Mann-Whitney U test,
the mHLA-DR expression in COVID-19 patients significantly differed from the
mHLA-DR expression in healthy subjects (p = 0.010). Conclusion: The level of
mHLA-DR expression in COVID-19 patients was lower and significantly different
from healthy subjects. Moreover, immunosuppression could be indicated by the
decrease of mHLA-DR expression, which was below the reference range found in
severe to critically ill COVID-19 patients.

Keywords : COVID-19, Monocye Human Leukocyte Antigen-D-Related
(mHLA-DR), Immunosuppression.
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ABSTRAK

Latar belakang: SARS-CoV-2 dapat memicu disfungsi respon imun pada
penderita COVID-19 dan dapat menyebabkan imunosupresi. Molekul HLA-DR
yang diekspresikan pada permukaan monosit (mHLA-DR) telah banyak digunakan
sebagai penanda imunosupresi yang dapat diandalkan. Downregulasi mHLA-DR
mencerminkan keadaan imunosupresi. Penelitian ini  bertujuan untuk
membandingkan tingkat ekspresi mHLA-DR antara penderita COVID-19 dan
subjek sehat terkait disregulasi sistem imun yang dapat dipicu oleh SARS-CoV-2
dan menyebabkan imunosupresi. Metode: Penelitian ini merupakan penelitian
observasional analitik dengan desain studi cross-sectional yang mengukur ekspresi
mHLA-DR dalam sampel darah EDTA dari 34 penderita COVID-19 dan 15 subjek
sehat menggunakan BD FACSLyric™ Flow Cytometry System. Hasil pemeriksaan
mHLA-DR dinyatakan dalam satuan antibodies bound per cell (AB/C) yang
dikuantifikasi menggunakan kurva standar yang dibuat dengan Quantibrite Beads
PE (phycoerythrin) (BD Biosciences). Hasil: Ekspresi mHLA-DR pada penderita
COVID-19 (n=34) sebesar 21.201 [2.646-92.384] AB/C, dengan manifestasi klinis
ringan (n=22) sebesar 40.543,5 [9.797-92.384] AB/C, manifestasi klinis sedang
(n=6) sebesar 21.201 [9.831-31.930] AB/C, dan manifestasi klinis berat-kritis (n=6)
sebesar 7.496 [2.646-13.674] AB/C. Ekspresi mHLA-DR pada individu sehat
(n=15) sebesar 43.161 [25.147-89.846] AB/C. Berdasarkan uji Mann-Whitney U,
ekspresi mHLA-DR pada penderita COVID-19 berbeda bermakna dengan ekspresi
mHLA-DR pada subjek sehat (p = 0,010). Kesimpulan: Tingkat ekspresi mHLA-
DR pada penderita COVID-19 lebih rendah dan berbeda bermakna dengan individu
sehat, dan imunosupresi ditunjukkan dengan ekspresi mHLA-DR di bawah nilai
rujukan yang ditemukan pada penderita COVID-19 dengan manifestasi klinis berat-
kritis.

Kata kunci : COVID-19, Monocyte Human Leukocyte Antigen-D-Related (mHLA-
DR), Imunosupresi.
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