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Abstract

Introduction: Monocytes are very sensitive to changes in the metabolic environment, 
including hyperglycemia, such as type 2 diabetes mellitus (T2DM). T2DM is 
characterized by chronic low-grade inflammation and becomes one COVID-19 
comorbid. TNF-α and IFN-γ are cytokines often linked to inflammation, the severity of 
COVID-19, and long COVID-19.  This study aims to analyze the relationship between 
COVID-19 severity and TNF-α and IFN-γ in T2DM one month post-infection.
Methods: This research is an experimental study at the Integrated Laboratory 
Faculty of Medicine, Universitas Indonesia, for four months. The total samples are 
44 cryotubes of PBMC (18 T2DM and 26 Non-T2DM) from the CARAMEL study 
(COVID-19, Aging, and Cardiometabolic Risk Factors).   PBMCs were stimulated 
with inactivated whole virions SARS-CoV-2 and incubated for 24 hours. Monocyte 
subsets and intracellular cytokines are detected by flow cytometry.
Results: Research showed that IFN-γ in the T2DM group was higher in all subsets. 
There was no significant difference between the T2DM and non-T2DM groups. Based 
on the history of the severity of COVID-19, MedFI IFN-γ classic and intermediate 
monocytes differed significantly between the COVID-19 severity groups (p = 0.049 
and p = 0.022). Further research is needed to analyze the risk factors involved.
Conclusion: MedFI of classic and intermediate monocyte IFN-γ differed significantly 
between the severity of COVID-19. There were no significant differences between 
the T2DM and non-T2DM groups. The history of the severity of COVID-19 is 
significantly related to long COVID-19.

Keywords: Type 2 Diabetes Mellitus, IFN-γ, Monocytes, SARS-CoV-2, TNF-α.

Korespondensi:  Heri Wibowo
 E-mail: bowoheri04@gmail.com   

Original Article

J Indon Med Assoc, Volum: 74, Nomor: 2, April - Mei 2024 79



Pengaruh Riwayat Keparahan COVID-19 terhadap
TNF-α dan IFN-γ Monosit Pasien Diabetes Melitus Tipe 2

Dyahati Wahyurini,* Dicky L. Tahapary,** Heri Wibowo***

*Program Magister Ilmu Biomedik, Fakultas Kedokteran, Universitas Indonesia, 
Jakarta, Indonesia

**Divisi Endokrin, Metabolik dan Diabetes, Departemen Ilmu Penyakit Dalam, 
Rumah Sakit Umum Dr. Cipto Mangunkusumo, Fakultas Kedokteran, Universitas 

Indonesia, Jakarta, Indonesia 
**/***Kluster Metabolic, Cardiovascular, and Aging, IMERI, Fakultas Kedokter-

an, Universitas Indonesia
*** Departemen Parasitologi, Fakultas Kedokteran, Universitas Indonesia, 

Jakarta, Indonesia

 

Abstrak

Pendahuluan: Monosit sangat peka terhadap perubahan lingkungan metabolik, 
termasuk hiperglikemia seperti pada Diabetes Melitus tipe 2 (DMT2). DMT2 ditandai 
inflamasi kronis derajat rendah sehingga menjadi komorbid dari COVID-19. TNF-α  
dan IFN-γ merupakan sitokin yang sering dikaitkan dengan inflamasi, keparahan 
COVID-19 dan long COVID-19.  Tujuan penelitian ini adalah untuk melihat hubu-
ngan antara riwayat keparahan COVID-19 terhadap TNF-α  dan IFN-γ monosit 
pada DMT2 pasca 1 bulan infeksi.
Metode: Penelitian merupakan penelitian eksperimental dengan total 44 cryotube 
PBMC (18 DMT2 dan 26 Non-DMT2) dari penelitian CARAMEL (COVID-19, 
Aging, and Cardiometabolic Risk Factors). Penelitian dilakukan di Laboratorium 
Terpadu Fakultas Kedokteran Universitas Indonesia selama 4 bulan. PBMC diberi-
kan stimulan (inactivated whole virion SARS-CoV-2) dan diinkubasi selama 24 jam. 
Analisis TNF-α  dan IFN-γ dilakukan dengan flow cytometry.
Hasil: Hasil Penelitian menunjukkan bahwa IFN-γ kelompok DMT2 lebih tinggi 
pada semua subset. Tidak ada perbedaan signifikan antara kelompok DMT2 dan 
Non-DMT2 Berdasarkan riwayat derajat COVID-19, MedFI IFN-γ monosit klasik 
dan intermediate berbeda signifikan diantara kelompok keparahan COVID-19 
(p=0.049 dan p=0.022). Perlu dilakukan penelitian lebih lanjut untuk menganalisis 
faktor risiko yang terlibat. 
Kesimpulan: MedFI IFN-γ monosit klasik dan intermediate berbeda signifikan 
diantara riwayat keparahan COVID-19. Tidak ada perbedaan signifikan antara 
kelompok DMT2 dan non-DMT2. Riwayat derajat keparahan COVID-19  berhubu-
ngan signifikan dengan long COVID-19.

Kata kunci: Diabetes Melitus tipe 2, IFN-γ, Monosit,  SARS-CoV-2, TNF-α.
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Introduction

 Diabetes Mellitus type 2 (T2DM) is a 
metabolic disease that is of concern to Indone-
sia and the world. Indonesia is ranked 7th, with 
a total of 10.7 million sufferers, and the num-
ber of diabetes patients continues to increase.1 
In 2018, the prevalence of diabetes mellitus 
reached more than 10% of the adult popula-
tion.2 One of the risk factors for T2DM is obe-
sity. Obesity conditions will trigger increased 
pro-inflammatory cytokines such as TNF-α and 
IL-6, resulting in chronic inflammation associ-
ated with hyperglycemia and insulin resistance 

in T2DM.3 Hyperglycemia increases ROS4 
and activates pro-inflammatory cytokines.5 
Changes in metabolic conditions, increased 
oxidative stress, and inflammatory processes 
occur continuously and trigger chronic low-
grade inflammation called metaflammation/
meta-inflammation.4,6 The inflammation that 
occurs will disrupt metabolic processes and 
affect the immune system, resolution of inflam-
mation, and insulin resistance.7-9

 The metainflammatory conditions 
in T2DM increase the risk of morbidity 
and mortality from infections, including 
COVID-19. The latest data shows mortality 



81

The Impact of COVID-19 Severity on TNF-α and IFN-γ in T2DM Patients' PBMC Monocytes

J Indon Med Assoc, Volum: 74, Nomor: 2, April - Mei 2024

rate for COVID-19 patients with comorbid 
T2DM is 21.4%.10 T2DM increases the risk of 
COVID-19 mortality and tends to have more 
severe clinical symptoms.10 Hyperglycemia and 
high glucose levels are also associated with 
the severity of COVID-19.11 This is caused by 
dysfunction of the innate and adaptive immune 
response in T2DM conditions.6 Monocytes play 
a role in fighting pathogens, assisting in the 
efficient resolution of inflammation, antigen 
recognition by T cells, and activating memory 
cells and antibodies.12,13 Monocytes are immune 
cells most easily affected by metabolic changes, 
including T2DM. Dysregulation of monocytes 
in T2DM affects the cytokines produced.12

 Dysfunction of monocytes and innate 
cells can interfere with the inflammatory 
process and the resolution of inflammation.  
Thereby, the degree of clinical symptoms.12 
Monocytes will increase during inflammatory 
processes, including chronic inflammation in 
T2DM.14,15 Increasing monocytes in circulation 
was followed by an increase in TNF-α and 
IFN-γ and the risk of inflammation.16  Research 
proves that in the T2DM group, there was an 
increase in levels of the cytokine TNF-α.17 
However, several studies have found a decrease 
in IFN-γ production, which disrupts the T cell 
response in fighting pathogens and contributes 
to immunity against infection.18

 Disrupted interactions between mono-
cytes and T cells and cytokines contribute to the 
severity of COVID-19 and the long-COVID-19 
phenomenon. Increased cytokines occur in 
COVID-19 patients with comorbidities and 
severe symptoms.19 Cytokine imbalance is also 
thought to be related to the occurrence of the 
long COVID-19 and the severity of reinfection. 
Long COVID-19 is a condition where residual 
symptoms are still felt for 1-3 months post-
COVID-19. The frequency and intensity of 
long-COVID-19 varies. The symptoms caused 
are associated with increased monocytes 
and cytokines, especially IL-6, TNF-α, and 
IFN-γ.20 Various studies suggest a bidirectional 
relationship between T2DM and COVID-19. 
T2DM affects the severity of COVID-19, 
and recent research shows that COVID-19 
can trigger T2DM.21 Rizvi et al.22 explain the 
relationship between inflammation, DM, and 
post-COVID-19 syndrome. More significant 
inflammation will result in worse severity and 
prognosis of COVID-19 in T2DM patients and 
poor metabolic control. COVID-19 infection 
will result in changes in transcription pathways, 
resulting in increased levels of the cytokines 
IL-1, IL-6, IL-12, IFN-γ, and TNF-α23 Each 
cytokine produced will carry out its respective 
function and have an impact on surrounding 

cells and body homeostasis which then be-
comes clinical manifestations.24 The severity 
of COVID-19 will affect monocyte activity and 
the cytokines TNF-α and IFN-γ. This then has 
an impact on long-COVID-19. Therefore, this 
study aimed to analyze the relationship between 
the history of the severity of COVID-19,TNF-α 
and IFN-γ from monocytes of T2DM and non-
T2DM patients.

Method

 This research used PBMC from 
COVID-19 with T2DM and COVID-19 with-
out non-T2DM recruited in the CARAMEL 
study (COVID-19, Aging, and Cardiometa-
bolic Risk Factors) between December 2020 
and March 2022. The CARAMEL study was 
longitudinal research, but this research used 
only PBMC from the first month after negative 
PCR COVID-19. Inclusion criteria were set to 
find eligible subjects. The requirements were 
as follows: 1) Patients (>18 years old) were 
controlled after positive COVID-19 based on 
PCR one month ago. 2) Patients agreed with 
the informed consent. 3) Not yet vaccinated. 
4) For the T2DM group, patients must have 
fasting blood glucose > 126 mg/dl, have been 
diagnosed with T2DM before, or be in antidi-
abetic treatment. Subjects were not included 
when they had one or more of the following 
criteria: 1) pregnant; 2) patients with autoim-
mune diseases, HIV, cancer, or acute infections. 
3) Individuals were receiving treatment with 
immunosuppressants. Based on inclusion and 
exclusion criteria, the total samples were 44 
PBMC isolation cryotubes (18 T2DM and 26 
non-T2DM).
 The research was conducted in May–
October 2023 at the MVA IMERI cluster and 
the Integrated Laboratory of the Faculty of 
Medicine, University of Indonesia. Cryo-PB-
MC was thawed by warming it in a 37°C water 
bath for 1-2 minutes, then mixing it into the 
warm complete RPMI medium. Then, centri-
fuge at 400 g for 10 minutes. After that, cells 
are counted, seeded in a 48-well culture plate, 
and incubated overnight. After that, 10µL of 
the inactivated whole virion SARS-CoV-2 
vaccine from PT. Biotis Pharmaceutical as a 
stimulant was given in the well and incubated 
for 24 hours. Then, monocytes were harvested 
and profiled using flow cytometry. Monocytes 
were grouped into three subsets based on CD14 
and CD16: Classical (CD14+CD16-), Interme-
diate (CD14+CD16+), and non-classical (CD-
14loCD16+). The expression was detected with 
FITC anti-human CD14 antibody,25 and human 
CD16 APC monoclonal antibody B73.1.26 In-



82

The Impact of COVID-19 Severity on TNF-α and IFN-γ in T2DM Patients' PBMC Monocytes

J Indon Med Assoc, Volum: 74, Nomor: 2, April - Mei 2024

tracellular cytokines TNF-α and IFN-γ were 
detected with the PE/Cyanine 7 anti-human 
TNF-α antibody27 and APC-Cyanine 7 Mouse 
Anti-Human IFN-γ.28 Analysis used FlowJo 
and IBM SPSS statistics 24. We analyzed 
clinical data such as age, gender, severity of 
COVID-19, and long COVID-19, then cor-
related it with the percentage of monocytes and 
cytokines produced. Mann-Whitney was used 
to analyze the differences between immuno-
logical parameters and diabetes status (T2DM 
and non-T2DM). Kruskal-Wallis was used to 
analyze the differences between immunological 
parameters and the severity of COVID-19 (as-
ymptomatic, mild, moderate, severe). FlowJo 
was used to gate and visualized the percentage 
of monocytes and MedFI TNF-α and IFN-γ.

Result

Subject Characteristics

 The research has been completed. 
Analysis of descriptions showed that 40.9% 
of PBMCs were from T2DM post-COVID-19 
subjects, and 59.1% were from non-T2DM 
post-COVID-19 subjects. Isolation PBMC 
was more prevalent among males (65.9%) than 
females (34.1%). In COVID-19, the symptoms 
and degree of severity differ for each individ-
ual. In this study, the degree of severity has 

Characteristics Total
(n=44)

Groups
p-valueNon-T2DM

(n=26)
T2DM
(n=18)

Gender (n (%))
Male

Female 
29 (65.9)
15 (34.1)

14 (53.8)
12 (46.2)

15 (83.3)
3 (16.7)

0.042*

Age (median; IQR) 47.5 (7.5) 43 (23) 51 (10) 0.036*

Body mass index (n (%))
Underweight 

Normal  
Overweight 

Obese 

0
5 (11.4)
6 (13.6)
33 (75)

0 
4 (15.4)
5 (19.2)
17 (65.4)

0 
1 (5.6)
1 (5.6)

16 (88.9)

0.086

COVID-19 Severity (n (%))
Asymptomatic 

Mild 
Moderate 

Severe

6 (13.6)
8 (18.2)
19 (43.2)
11 (25)

6 (23.1)
5 (19.2)
10 (38.5)
5 (19.2)

0
3 (16.7)
9 (50)

6 (33.3)

0.054

Long-COVID-19
No
Yes 

6 (13.63)
38 (86.36)

6 (23.08)
20 (76.92)

0
18 (100)

0.033*

Table 1. The Characteristics of Research Subjects in the Non-T2DM and T2DM Groups

Notes: Data on patient characteristics was compared between T2DM and non-T2DM groups using the Mann–Whitney 
test, *p<0.05. Abbreviations T2DM, type 2 diabetes mellitus; IQR: interquartile range. Detail of body mass index: 
underweight (< 18.5kg), normal (18.5- 22.9 kg), overweight (23 – 24.9 kg), obese (>25kg).

been grouped into 4 degrees: asymptomatic or 
without any complaints, the mild group with 
mild cough and fever, the moderate group with 
findings of clinical symptoms accompanied 
by X-ray results (pneumonia), and the severe 
group with severe clinical symptoms such as 
shortness of breath and requires NRM. All 
samples from the T2DM group had a histo-
ry of mild, moderate, and severe degrees of 
COVID-19. Severe COVID-19 (33%) is the 
most common group in T2DM. In the non-
T2DM group, moderate COVID-19 is the most 
cases (38.5%). This condition can also have 
an impact on the risk of long-COVID-19. All 
samples from the T2DM group experienced 
long-COVID-19; in the non-T2DM group, 
76,028% experienced long-COVID-19. Based 
on body mass index (BMI), 75% of the sample 
was obese, and in the T2DM group, 88.9% 
was obese. Subject characteristics are shown 
in Table 1.

Intracellular Cytokine Analysis

 TNF-α and IFN-γ from each monocyte 
were performed and yielded MedFI values. De-
tection was performed using Flow Cytometry 
with optimization of working steps and the 
amount of  TNF-α and IFN-γ antibodies.29,28,27,30 
Classical, intermediate, and non-classical 
monocytes have different MedFI TNF-α and 
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Table 2. Analyses Univariate Result of Research Subject Characteristics

IFN-γ patterns. Statistical analysis showed 
higher MedFI IFN-γ   in almost all monocyte 
subsets in the T2DM group, however, the statis-
tical analysis showed no significant difference 
in the MedFI of IFN-γ and TNF-α between the 
T2DM groups and Non-T2DM. The analysis 
test continued by analyzing the relationship 
between the COVID-19 severity and IFN-γ 
and TNF-α post one month of COVID-19.  
The results showed that the mild severity had 
a higher MedFI IFN-γ than the asymptomatic 
group. The One-Way ANOVA analysis results 
prove a significant difference in classic and 
intermediate monocyte IFN-γ MedFI between 
COVID-19 severity groups (p=0.049 and 
p=0.022) (Table 2). The MedFI of TNF-α did 
not differ significantly between degrees of 
severity. The analysis continued by looking 
at the differences between degrees of severity 
and based on diabetes status.  Based on the 
degree of severity, MedFI IFN-γ differed sig-
nificantly between asymptomatic and moderate 
degrees (p=0.044). Intermediate Monocytes 
differ significantly between asymptomatic and 
mild (p=0.0274), asymptomatic to moderate 
(p=0.0278), and symptomatic with weight 
(p=0.0419).
 Based on diabetes status, the pattern of 
monocyte percentage, MedFI IFN, and TNF 
did not differ significantly between the T2DM 

and non-T2DM groups. In non-T2DM, there 
was a significant difference in MedFI IFN-γ 
intermediate monocytes between the severity 
of COVID-19 (p=0.033), especially between 
asymptomatic and severe (p=0.039). In T2DM, 
there was a significant difference in MedFI 
IFN-γ non-classical monocytes between the 
severity of COVID-19 (p=0.040), especially 
between mild and severe (p=0.038) (Figure 1).

Long COVID-19

 History of the COVID-19 severity 
is related to long COVID-19. The statistical 
analysis results show a significant difference 
in the history of the severity of COVID-19 
versus long COVID-19 (p=0.000). Based on 
T2DM status, the distribution of IFN-γ and 
TNF-α MedFI is shown in Figure 1. All samples 
that did not experience long COVID-19 were 
T2DM subjects with an asymptomatic history 
and showed low IFN-γ MedFI in all monocyte 
subsets (Figure 2a-2c ). Increasing COVID-19 
severity was followed by an increase in MedFI 
IFN-γ. The Long COVID-19 group showed 
higher MedFI IFN-γ and TNF-α. MedFI IFN-γ 
and TNF-α distribution in the T2DM and Non-
T2DM groups in the long COVID-19 group 
was almost the same, although it tended to be 
dominated by the T2DM group (Figure 2).

Cytokines – 
Monocyte

subset

COVID-19 Severity  
p-value

Asymptomatic Mild Moderate Severe

IFN-γ (Median; min-max)

Total  36.8 (32.5-46.10) 71.25 (31.9-168) 65.7(32.1-211) 84.9 (42.8-147) 0.053

Classical 
(CD14+CD16-)

17.65 (0.00-63.2) 65.67 (29.3-310) 93.3 (0.00-617) 47.2 (0.00-371) 0.049*

Intermediate 
(CD14+CD16+)

32.96 (17.7) 123.17 (67.4) 111.03 (64.5) 112.69 (46.46) 0.022*

Non-classical 
(CD14loCD16+)

35.65 (31.6-46.7) 36.5 (31.9-108) 43 (0.00-173) 43 (37.3-132) 0.248

TNF-α (Median; min-max)

Total  5.2 (3.06-61.30) 3.99 (2.91-11.10) 8.5 (2.51-32.4) 6.55 (1.95-11.40) 0.602

Classical 
(CD14+CD16-)

3.67 (2.1-44.5) 7.45 (2.02-13.6) 4.8 (0.00-137) 3.26 (0.00-6.29) 0.258

Intermediate 
(CD14+CD16+)

7.5 (2.88-71.7) 9.96 (5.73-14.9) 11.4 (0.00-18.5) 10.4 (7.47-33.3) 0.540

Non-classical 
(CD14loCD16+)

14.55 (3.46-61.3) 3.13 (2.88-8.8) 6.48 (2.59-18.4) 3.4 (0.00-28.8) 0.092

Note: *p<0.05. Data are presented as median (minimun-maximum). The Kruskal Wallis test evaluated differences be-
tween MedFI IFN-γ and TNF-α between groups. Abbreviations: CD: cluster of differentiation; TNF-α; tumor necrosis 
factor-α; IFN-γ; interferon-γ.
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Figure 1: Percentage of subset monocytes, MedFI IFN-γ and TNF-α between COVID-19 severity groups in non-
T2DM and T2DM patients. (a) proportion percentage of total monocyte in two groups; (b) proportion percentage of 
monocyte subset in non-T2DM group; (c) proportion percentage of monocyte subset in T2DM group; (d) proportion 
total MedFI IFN-γ in two groups; (e) proportion MedFI IFN-γ from monocyte subsets in non-T2DM; (f) proportion 
MedFI IFN-γ from monocyte subsets in T2DM; (g) proportion MedFI TNF-α in two groups; (h) proportion MedFI 
TNF-α in non-T2DM; (i) proportion MedFI TNF-α in T2DM. Note: *p<0.05.  Kruskal Wallis was used for multiple 
group comparisons.

Discussion
 Age, gender, and body weight are risk 
factors for T2DM. The body weight of most 
subjects was in the obesity category (75%). 
Obesity is associated with the development 
of T2DM and is a comorbid disease. Obesity 
and diabetes are risk factors for increasing the 
severity of COVID-19.31,32 In T2DM patients, 
obesity is associated with poor early prognosis 
in COVID-19 patients. Albahrani et al.33 prove 
that obesity was identified as an independent 
risk factor for the risk of decreased oxygen sat-
uration in COVID-19 patients. The COVID-19 

severity is associated with cytokines such as 
IFN-γ and TNF-α. IFN-γ is a type II, produced 
by monocytes, T, and NK cells. IFN-γ contrib-
utes to the control of inflammation and activates 
innate and acquired immunity.34 IFN-γ partici-
pates in various innate immunological functions 
and adaptive and inflammatory processes.35 The 
study found that people with T2DM had high-
er MedFI IFN-γ than non-T2DM.  In T2DM, 
hyperglycemia will increase the formation of 
AGEs, sorbitol production, and activation of 
protein kinase C, thereby increasing ROS in the 
endothelium and triggering chronic inflamma-



85

The Impact of COVID-19 Severity on TNF-α and IFN-γ in T2DM Patients' PBMC Monocytes

J Indon Med Assoc, Volum: 74, Nomor: 2, April - Mei 2024

Figure 2. Scatter plot of T2DM and Non-T2DM group distribution based on the history of COVID-19 severity and 
long-COVID-19. (a) Classical monocytes (b) Intermediate monocytes (c) Non-classical monocytes. Red is T2DM, and 
Blue is Non-T2DM.

tion.4 Hyperglycemia increases the activation 
of the NF-κB transcription pathway, producing 
more pro-inflammatory cytokines, including 
IFN-γ. Rarani et al.34 stated that IFN-γ could 
work by activating the JAK1, JAK2, and STAT 
signaling pathways. In the comparison group, 
non-T2DM, was not healthy but had a history 
of COVID-19. Other studies report that IFN-γ 
production tends to be lower in the COVID-19 
and lower in the severe than in the moderate 
group.34

 MedFI TNF-α intermediate monocytes 
in the T2DM group were higher than in the non-
T2DM group. Coztella Ruiz et al.35 concluded 
that TNF-α is a pro-inflammatory cytokine 
produced by monocytes, macrophages, T cells, 
and others. TNF-α is mediated by IL-1β and 
IL-6. TNF-α is involved in the regulation of 
inflammatory processes. Serum TNF-α levels 
increase in severe COVID-19 patients. TNF-α 
is one of the cytokines whose overproduction is 
associated with poor prognosis in SARS-CoV 
and MERS patients.36 However, TNF-α did 
not show significant differences between the 
T2DM and non-T2DM groups in all monocyte 
subsets. People who have had COVID-19 in 
the past may have higher levels of cytokines, 
especially if they have long COVID-19. Even 
if a swab is negative for Sars-CoV-2, they can 
still have some symptoms of COVID-19, which 
are known as long COVID-19. Complaints 
can be felt for 1-3 months after COVID-19, 
and the symptoms caused are associated with 
increased monocyte frequency, increased IL-6 
and TNF-α, and decreased HLA-DR.20 The 
COVID-19 severity also affects the cytokines 
one month post-infection. Cytokine levels 
showed a sustained increase in COVID-19 
patients with comorbidities and severe symp-
toms.19

 Based on monocyte surface marker 
expression, circulating monocytes are grouped 
into three groups: classical (CD14+ CD16−), 
non-classic (CD14dim, CD16+), and interme-
diates (CD14+ CD16+)36 Classical monocytes 
are pivotal in phagocytosis, innate sensing, and 
the migration process.37 Classical monocytes 
can differentiate into many subsets of macro-
phages and monocyte derivatives. Intermedi-
ate monocytes (CD14+ CD16+) function to 
present antigens, secrete cytokines, regulate 
apoptosis, differentiate, and are responsible 
for the proliferation and stimulation of T cells. 
Intermediate monocytes are responsible for 
T-cell proliferation, stimulation, ROS, and an-
giogenesis.14 Non-classical monocytes (CD14it 
CD16+) are concerned with complement, 
adhesion, Fc-γ-mediated phagocytosis, and 
linking innate and adaptive immune respons-
es.37 Non-classical monocytes are pro-inflam-
matory, anti-inflammatory, anti-metastatic, and 
atheroprotective,36 maintain vascular integrity, 
react to inflammatory signals, and clear cellu-
lar debris.37 Classical monocytes function in 
phagocytosis. Intermediate monocytes act as 
pro-inflammatories, releasing high levels of IL-
1β and TNF-α. Non-classical monocytes play a 
role in patrolling the endothelium and releasing 
IL-1β and TNFα.38 In healthy conditions, classi-
cal monocytes are the main population in blood 
circulation.14 However, the percentage of the 
monocyte subset can change due to changes in 
conditions such as acute or chronic inflamma-
tory conditions. In this study, PBMC samples 
were obtained from individuals with a history 
of COVID-19 with varying degrees of severity. 
In this study, non-classical and intermediate 
monocytes were pro-inflammatory monocytes 
with a high percentage. The changes in mono-
cytes will be related to the IFN-γ and TNF-α 
produced. This study showed that intermediate 
monocytes have the highest MedFI IFN-γ and 
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TNF-α values among other subsets. At moder-
ate grade, TNF-α from classic monocytes was 
lower than at mild grade, while TNF-α from 
intermediate monocytes was higher, although 
not statistically different. This proves that the 
increase in severity is in line with increased 
inflammation, characterized by higher levels 
of TNF-α in intermediate monocytes due to its 
role in pro-inflammation.
 In Figure 1, when comparing the T2DM 
and non-T2DM groups, differences in classical 
and intermediate monocyte TNF-α patterns can 
be seen to a moderate degree. In the T2DM 
group, intermediate monocyte TNF-α was 
higher than classic monocytes, in contrast to the 
non-T2DM group with a history of moderate 
degrees of COVID-19, intermediate monocyte 
TNF-α was slightly lower than intermediate 
monocytes. In T2DM conditions, chronic in-
flammation occurs, and more pro-inflammatory 
monocyte subsets (intermediate and non-classi-
cal) are found. Chronic inflammation in T2DM 
causes the monocyte subset to shift to interme-
diate and non-classical, so TNF-α is highest 
in intermediate monocytes, as in this study. 
Hyperglycemia affects cytokine production 
in PBMC. Hyperglycemia also increases viral 
load, ACE2, and cytokine expression (IL-1b, 
TNF-a, IL-6, and IFN α, β, γ) in SARS-CoV-
2-infected monocytes.39 However, the pattern 
between the T2DM and non-T2DM groups 
was not statistically significantly different. In-
flammation in the non-T2DM group is thought 
to originate from a history of COVID-19 one 
month ago. Persistent SARS-CoV-2 antigen in 
monocytes plays a role in the increased mono-
cyte response in the T2DM and non-T2DM 
groups.
 Based on Tabel 1 and Figure 1, inter-
mediate monocytes in the T2DM group with 
a history of severe disease had higher levels 
of IFN-γ and TNF-α than those with moder-
ate degrees and then manifested long-term 
COVID-19. Turner et al. suggested that various 
interrelated factors influence long COVID-19.40 
The number and type of symptoms during 
initial infection are strong predictors of long 
COVID-19.40 Patients who experience more 
than five symptoms during the first week of 
infection are at greater risk of experiencing 
long COVID-19, regardless of age or gender, 
according to research conducted by Menni and 
Sudre.41,42 In this study, we found that long 
COVID-19 correlates with factors like BMI 
and history of the COVID-19 severity. These 
factors affected IFN-γ and TNF-α. However, 
when it comes to the connection with T2DM, 
more investigation is required to analyze it. 

The post-acute sequelae of COVID-19 can 
persist for 1-3 months after COVID-19.20 
Recent research states a relationship between 
COVID-19 infection and an increase in GDP 
and HbA1c. The relationship between T2DM 
and COVID-19 is two-way. T2DM affects the 
severity of COVID-19, and recent research 
shows that COVID-19 can trigger T2DM.21 
T2DM after COVID-19 is also considered 
a manifestation of COVID-19, known as 
New Onset DM (NODM) post-COVID-19. 
Based on research conducted by Vigili et al.43 
SARS-CoV-2 infection continuously damages 
pancreatic beta cells and causes insulin resis-
tance; on the other hand, T2DM also supports 
long-term COVID-19. Poor metabolic health 
(such as T2DM and obesity) increases the risk 
of SARS-CoV-2 infection and COVID-19 
complications through hyperglycemia, hyper-
insulinemia, and insulin resistance.43 Estiri et 
al.44 found that T2DM was a risk factor for 
long-term COVID-19 among non-hospitalized 
COVID-19 patients. In his research on 9,025 
subjects with positive test results, there were 
33 indicative phenotypes of COVID-19.44 The 
incidence and risk of hyperglycemia and T2DM 
increase after COVID-19 infection, especially 
in the group of men with an initial COVID-19 
infection. Li Jet et al,45 suspect that post-
COVID-19 hyperglycemia is a phenomenon 
long after COVID-19 and is temporary so that 
blood glucose levels will return to normal.
 The history of the severi ty of 
COVID-19 also plays a role in its occur-
rence long COVID-19. The research results 
describe all sufferers with COVID-19 who have 
a history of symptomatic COVID-19 and are 
predominantly moderate. All individuals with a 
history of severe degrees of severity manifested 
COVID-19 after one-month post-infection. 
Chenet et al.46 suggested severe COVID-19 
was associated with higher blood glucose 
and HbA1c than mild COVID-19 patients.
The history of COVID-19 severity is related 
to GDP and HbA1c. Rizvi et al.22 explain the 
relationship between inflammation, DM, and 
long-term COVID-19. Greater inflammation 
will result in worse severity and prognosis of 
COVID-19 in DM patients and poor metabolic 
control.22 Prattichizzo et al,47 explained that 
HbA1c is associated with higher-grade chronic 
inflammation and dysregulation of immune 
cells. This causes a linear relationship between 
HbA1c and the prognosis of COVID-19 and an 
increase in the death rate related to COVID-19 
in DM patients with poor glycemic control be-
fore infection. COVID-19 causes hyperinflam-
matory and hypercoagulable syndromes with 



87

The Impact of COVID-19 Severity on TNF-α and IFN-γ in T2DM Patients' PBMC Monocytes

J Indon Med Assoc, Volum: 74, Nomor: 2, April - Mei 2024

the same severity in DM and non-DM patients. 
In T2DM, there is an increase in HbA1c and 
GDP up to 180 days after COVID-19.48

 Several theories of post-COVID-19 
hyperglycemia include the pancreas being 
one of the targets of SARS-CoV2, resulting in 
focal enlargement of the pancreas or dilatation 
of the pancreatic duct, resulting in pancreatic 
injury.49,46 ACE 2 is thought to be involved in 
the relationship between COVID-19, hypergly-
cemia, and pancreatic injury.50 SARS-CoV-2 
binds to the ACE2 receptor on the surface of 
pancreatic islets.46,51 Another hypothesis is that 
a stress response encourages the increased re-
lease of catecholamines and glucocorticoids. 
There is an increase in inflammatory activity 
that affects increasing insulin resistance.51,52 
Ren Researchers et al.53 revealed that triglycer-
ide, glucose, and insulin resistance indices were 
closely related to the severity of COVID-19. 

Insulin resistance is considered a cause of hy-
perglycemia in COVID-19 patients.46

 Keerthi et al.21 stated that hyperglyce-
mia, which triggers NODM after COVID-19, 
can occur due to several risk factors such as 
family history, high BMI, and use of steroids, 
which can trigger NODM after COVID-19.21 
Kim SH et al.54 concluded that the etiology of 
post-COVID-19 hyperglycemia is multifacto-
rial, originating from the patient himself or the 
impact of the pandemic, such as psychosocial 
stress or limitations in carrying out controlled 
health checks. COVID-19 can also directly 
or indirectly affect pancreatic β-cell function 
and insulin sensitivity. This is related to acute 
COVID-19 infection and the treatment admin-
istered; persistent viral residency in multiple 
organs, including adipose tissue; endothelial 
dysfunction; and hyperinflammatory states.51,54 
T2DM is associated with chronic inflamma-
tion, resulting in dysfunction and immune cell 
dysregulation. This will result in a decrease 
in the immune system. When infected with 
COVID-19, dysregulation of the immune sys-
tem will affect the clinical manifestations and 
severity of COVID-19.

Limitation

 This research has succeeded in answer-
ing the research objectives, trying to analyze 
the relationship between T2DM and COVID-19 
in terms of monocytes and cytokines. Samples 
using all PBMCs can describe immune cell 
interactions as a whole. However, there are 
several limitations to this research. Samples 
in the form of cryo-PBMC have been stored 
for 1.5 years, which affects cell quality, and 

monocyte isolation cannot be carried out at 
an early stage. This research only used CD14 
and CD16 as cell surface markers, which are 
still less specific because CD16 can be found 
in NK cells. It is best to use surface markers 
to eliminate other cells. In clinical application, 
many risk factors for T2DM were not analyzed 
in this study, such as lipid profile, smoking his-
tory, comorbidities, medication history, etc. All 
samples came from individuals with a history 
of COVID-19; this study did not compare with 
a healthy group without COVID-19.

Conclusions

 In Summary, the COVID-19 severity 
affects monocyte IFN-γ and TNF-α. IFN-γ 
from classical and intermediate monocytes 
differed significantly in the severity of 
COVID-19. Based on diabetes status, the 
pattern of monocyte percentage, MedFI IFN, 
and TNF did not differ significantly between 
the T2DM and non-T2DM groups. In non-
T2DM, there was a significant difference 
in MedFI IFN-γ intermediate monocytes. 
In T2DM, there was a significant difference 
in MedFI IFN-γ non-classical monocytes 
between the COVID-19 severity. The 
COVID-19 severity is significantly different 
in long COVID-19.
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