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ABSTRACT

Type 2 Diabetes Mellitus (T2DM) has a detrimental impact on the immune system, resulting in a decrease in the
body's immune response, making patients highly susceptible to bacterial infections. Patients with T2DM, especially those
treated in the Intensive Care Unit (ICU) of a hospital, face an increased risk of infection. The emergence of COVID-19,
which also infects T2DM patients, further diminishes the immune system's function in these patients. Consequently,
individuals with both T2DM and COVID-19 are at a heightened risk of developing secondary infections, commonly
referred to as Hospital-Acquired Infections. This research aims to explore the relationship between T2DM, assessed through
blood sugar levels, and the occurrence of bacterial infections in COVID-19 patients treated in the ICU of Prof. Dr. .G.N.G.
Ngoerah Central Hospital from 2021 to 2022. The research design employed is quantitative analytical correlational study
using a cross-sectional approach, with a sample size of 98 patients collected from the Medical Records and Hospital
Management System of Prof. Dr. 1.G.N.G. Ngoerah Central Hospital in Denpasar. This study found that there is a
significant correlation between patient’s infection profile with random blood glucose levels with an Odds Ratio (OR) of
1.15 (95% CI: 1.04 — 1.27; p = 0.013). Additionally, a significant relationship was observed between the severity of

COVID-19 and bacterial infections in patients, with an Odds Ratio of 1.12 (95% CI: 1.01 — 1.26; p = 0.04).
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is defined by
hyperglycemia or a chronic and varied elevation in blood glucose
levels.! This condition exerts an impact by disrupting the immune
system, leading to a diminished immune system and making
patients more susceptible to bacterial infections.?0On March 2020,
SARS-CoV-2 more commonly known as COVID-19 declared as
a pandemic by the WHO. The demand for healthcare services
significantly increased, especially for patients with comorbidities®

Patients with T2DM who are hospitalized, especially in the
Intensive Care Unit (ICU), face an increased risk of infection. The
emergence of COVID-19, which also infects T2DM patients,
exacerbates insulin resistance in T2DM, leading to a further
decline in the patient's immune system.*® Therefore, patients with
both T2DM and COVID-19 are highly susceptible to secondary
infections, commonly referred to as Hospital-Acquired
Infections.®In hospital settings, the risk of nosocomial infections is
higher in the ICU compared to other departments within the
hospital. The risk of nosocomial infections in the ICU is 5-10
times higher than in outpatient clinics or surgical rooms.
Nosocomial infections are defined as those that develop 48 hours
after admission to the hospital or within 48 hours of discharge.
Patients in the ICU have a significantly higher risk of infection
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due to their increased immune vulnerability.” A multisite study in
China revealed that 92.9% of COVID-19 patients with severe
symptoms had co-infections. It is reported that a significant cause
of these secondary co-infections is due to Healthcare Associated
Infections (HAIS).8 A systematic review study indicates that co-
infection occurred in 3.5% of cases, with secondary infections
present in 14.3% of COVID-19 patients. Bacteria are known to be
the cause of infection in 6.9% of these cases.®

Additionally, the condition of COVID-19 patients worsens
with various comorbidities, one of which is T2DM. Studies
indicate that the presence of hyperglycemia in T2DM patients can
increase mortality and result in a poor prognosis in the
pathophysiology of COVID-19. Clinically, it is also stated that
COVID-19 patients with T2DM experience a significant decline
in immune response. Consequently, with a weakened immune
system, bacterial co-infections can easily occur in COVID-19
patients with T2DM.°A study of 129 patients with comorbid Type
2 Diabetes Mellitus (T2DM) indicated that 64.2% of patients with
T2DM and bacterial co-infections experienced mortality.’ Co-
infections were predominantly dominated by pathogenic
respiratory bacteria such as K. pneumoniae (9.9%), S.
pneumoniae (8.2%), and S. aureus (7.7%). The overall prevalence
of co-infections (whether bacterial, viral, or fungal) in patients
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was found to be 32%, with 32%
comorbidities.!12

The importance of understanding the relationship between
CQOVID-19 patients with T2DM treated in the Intensive Care Unit
(ICU) and the potential co-infection by other bacteria compels the
author to delve deeper into the association between the two. This
research can subsequently serve as a scientific foundation for

further research for COVID-19 patients with comorbidities.

of them having

MATERIALS AND METHODS

The design of this study employs a quantitative analytical
correlational approach utilizing a cross-sectional method to
investigate the relationship between Type 2 Diabetes Mellitus
(T2DM), as indicated by random blood glucose levels, and the
occurrence of bacterial infections in COVID-19 patients treated in
the ICU of Prof. Dr. 1.G.N.G Ngoerah Central Hospital during the
years 2021-2022. Data for the study are sourced from secondary
data available in the Medical Records Department of Prof. Dr.
I.G.N.G. Ngoerah Central Hospital. The study sample consists of
COVID-19 patients with T2DM admitted to the ICU of Prof. Dr.
I.G.N.G. Ngoerah Central Hospital during 2021-2022 that meet
the inclusion and exclusion criteria set for this research. In
determining the sample size for this study, the Lemeshow
Formula is utilized, yielding a minimum required sample size of

97 participants. The data were subsequently processed using
Statistical Product and Service Solution (SPSS) version 26.0
software. Data analysis included univariate analysis based on
variable types and bivariate analysis using hypothesis testing
presented in chi-square tables to substantiate the research
hypotheses. This study has obtained ethical clearance from with
reference number 2060/UN 14.2.2.\V11.14/L. T/2023 issued by the
Ethical Commission of the Faculty of Medicine, Udayana
University and protocol number DP.04.03/X1V.2.2.2/48213/2023
from the Research and Education Unit of Prof. Dr. I.G.N.G.
Ngoerah Teaching Hospital, valid until September 2024.

RESULT

The results of demographic and morbidity data based
on univariate analysis are reported in Table 1-2. According
to the table outlining the basic characteristics of patients
involved in this study, several observations can be made
regarding the analyzed variables, including gender, age,
fasting blood glucose levels, HbAlc levels, duration of
treatment in the ICU, severity of COVID-19, complications
of diabetes mellitus, complications of COVID-19,
comorbidities, and infection profile categorized into two
groups: patients without nosocomial infections and patients
with nosocomial infections.

Table 1. Result of Univariate Analysis of Demographic Data

Parameter Frequency (N) Percentage (%)
Gender
Male 64 65.3
Female 34 34.7
Age (year) (Mean £ SD) 62.61 £11.36
Random Blood Glucose Levels
Normal 44 44.9
Abnormal 54 55.1

Mean (+ SD) mg/dL

HbA1C
Regulated
Unregulated

Mean (x SD) (%)

238.95 +124.13

26 26.5
72 73.5

8.40 + 2.02

Based on gender, the majority of patients were found
to be male, comprising 64 patients or 65.3%. The mean age
of patients was 62.61 + 11.36 years. The mean level of
random blood glucose level in patients was 238.95 + 124.13
mg/dL, with the majority of patients having abnormal blood
glucose levels (55.1%). Meanwhile, based on HbALc levels,
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the majority of patients had uncontrolled levels (73.5%),
with an average level of 8.40 + 2.02%. Regarding
complications of diabetes mellitus, the majority of patients
were those with complications, accounting for 50
individuals or 51%.
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Table 2. Result of Univariate Analysis of Morbidity Data

Parameter Frequency (N) Percentage (%)
Duration of Stay in ICU
<7 days 42 42.9
>7 days 56 57.1
Mean (= SD) days 7.99£5.20
Infeksi Profile
Without Nosocomial Infection 91 92.9
With Nosocomial Infection 7 7.1
Severity of COVID-19
Severe 45 45.9
Critical 53 54.1
Complication of Diabetes Mellitus
Without Complication 48 49.0
With Complication 50 51.0
Complication of COVID-19
Without Complication 8 8.2
With Complication 90 91.8
Comorbidities
None 39 39.8
Hipertension 29 29.6
Heart Failure 5 5.1
Stroke 2 2.0
CAD 5 5.1
Arrhythmia 1 1.0
Hipertension and Hearth Failure 11 11.2
Hipertension and Stroke 2 2.0
Hipertension and COPD 1 1.0
Hipertension and CAD 3 3.1

Evaluated based on the patients' infection profiles, the
majority of patients did not have nosocomial infections,
totaling 91 individuals. Meanwhile, there were 7.1% of
patients with nosocomial infections. Based on the severity
of COVID-19, most patients were in critical condition, with
53 patients or 54.1%. Additionally, 91.8% of patients had

complications related to COVID-19. In terms of the analysis
of patient comorbidities, the most prevalent comorbidity
among patients was hypertension, accounting for 29.6% of
the total research sample.Bivariate analysis was used to find
the relationships between variables included in this study
and is presented in Tables 3-8.

Table 3. Correlation Between Random Blood Glucose Levels in Type 2 Diabetes Mellitus with Bacterial Infection in

COVID-19 Patients

Infection Profile

. . . . OR
Random Blood Sugar Without Infection With Infection (C195%) p
n % n %
Normal 44 44.9 0 0.0
1.15 0.013
Abnormal 47 48.0 7 7.1 (1.04 —1.27) '
Total 91 92.9 7 7.1

The analysis results related to diabetes mellitus reveal a
significant correlation between the patient's infection profile
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and the random blood glucose levels, with an Odds Ratio
(OR) of 1.15 (95% CI: 1.04 — 1.27; p = 0.013).
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Table 4. Correlation Between HbA1C in Type 2 Diabetes Mellitus with Bacterial Infection in COVID-19 Patients

Infection Profile

HbA1C Without Infection With Infection OR (CI95%) p
n % n %
Regulated 22 22.4 4 4.1
0.88 0.08
Unregulated 69 70.4 3 3.1 (0.74 - 1.05) '
Total 91 92.9 7 7.1

The analysis results related to diabetes mellitus using
HbA1c levels reveal that there is no significant correlation
between the infection profile and the HbAlc levels of

patients, with an Odds Ratio (OR) of 0.88 (95% ClI: 0.74 —
1.05; p = 0.08).

Table 5. Correlation Between Length of Stay Hubungan Lama Perawatan in ICU with Bacterial Infection in COVID-19

Patients
Infection Profile
ICU Without Infection With Infection OR (C195%) P
n % n %
< 7 days 41 41.8 1 1.0 1.09 0.115
> 7 days 50 51.0 6 6.1 (0.98 - 1.21) '
Total 91 92.9 7 7.1

Based on the duration of stay, no significant
correlation was found with the infection profile,

with an Odds Ratio (OR) of 1.09 (95% CI: 0.98 — 1.21; p =
0.115).

Table 6. Correlation Between T2DM Complication with Bacterial Infection in COVID-19 Patients

Infection Profile

T2DM Complication Without Infection

With Infection

OR (CI95%) p

n % n %
With Complication 45 45.9 3.1 1.02
(0.91 - 0.523
Without Complication 46 46.9 4.1 1.14)
Total 91 92.9 7.1

Non-significant results were also found in the analysis of
the association between the infection profile and

comorbidities related to diabetes mellitus, with an Odds
Ratio (OR) of 1.02 (95% CI: 0.91 — 1.14; p = 0.523).

Table 7. Correlation Between COVID-19 Severity with Bacterial Infection in COVID-19 Patients

Infection Profile

Severity Without Infection With Infection OR (C195%) P
n % n %
Severe 50 51 1 1.0 1.12 0.04
Critical 41 41.8 6 6.1 (1.01-1.26) '
Total 91 92.9 7 7.1

Based on the correlation between nosocomial infection
and COVID-19, there are several analysis parameters that
can be reported. The data analysis results show a significant
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relationship between COVID-19 severity and bacterial
infection in patients, with an Odds Ratio of 1.12 (95% CI:
1.01 - 1.26; p = 0.04).
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Table 8. Correlation Between COVID-19 Complication with Bacterial Infection in COVID-19 Patients

Infection Profile

COVID-19 Complication Without Infection With Infection OR (CI195%) p
n % n %
With Complication 8 8.2 0 0.0 1.08
_ PHeso ©092-102) 9540
Without Complication 83 84.7 7 7.1
Total 91 92.9 7 7.1

Based on correlation between COVID-19 complications
and bacterial infection in patients, no significant association
was found with an Odds Ratio of 1.08 (95% CI: 0.92 — 1.02;
p = 0.540).

DISSCUSSION

Discussion regarding the research on the association between
Type 2 Diabetes Mellitus (T2DM) and bacterial coinfection in
COVID-19 patients has been reported in previous studies. This
research reports a significant relationship between blood glucose
levels and bacterial nosocomial infections, as well as a
relationship between the severity of COVID-19 and bacterial
infections. These conditions have been described in earlier
research by He et al. (2020), who evaluated nosocomial infections
in COVID-19 patients in Wuhan, China. The analysis results
indicated several comorbidity predictors closely related to
nosocomial infection occurrences in patients, including
hypertension, cardiovascular diseases, diabetes, kidney problems,
and others. Specifically, regarding diabetes mellitus, the study
reported that diabetes mellitus is a dependent variable for
nosocomial infection, with an Odds Ratio of 3.06 (95% ClI, 1.41—
7.22;p=0.037).1

Patients that diagnosed with both COVID-19 and Type 2
Diabetes Mellitus (T2DM), as discussed earlier, are at risk of a
poor prognosis with a high probability of complications.
Dysregulation and weakened immunity, coupled with chronic
inflammation, can lead patients into a chaotic metabolic state.
Various studies have indicated that hyperglycemia in T2DM
patients poses a significant risk of COVID-19 infection. This is
further exacerbated by the decreased body immunity, providing
an opportunity for coinfection.*

COVID-19 patients with T2DM are estimated to have a 14%
to 32% higher risk of falling into critical conditions. The majority
of patients in the ICU are those with comorbidities of the
metabolic system, with T2DM being one of them. This double
diagnosis indicates a percentage of 22.2% in the ICU compared to
5.9% of T2DM patients outside the ICU. The death rate is also
reported to be seven to eight times higher in T2DM patients.* A
study shows the occurrence of coinfections in COVID-19 patients
with chronic diseases (hypertension, T2DM, chronic heart
disease, chronic lung disease, etc.) dominated by respiratory
pathogenic bacteria with some also lead to bacteremia.”

Regarding comorbidities, other complications experienced
by patients, and their connection to diabetes mellitus, COVID-19,
and  nosocomial infections, previous research by
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Mohammadnejad et al. (2021) has been reported. This study,
conducted in Tehran, evaluated the comorbidities of COVID-19
patients. The research reports that out of 289 COVID-19 patients,
221 had comorbidities, and 141 of those with comorbidities tested
positive for nosocomial infection. This figure is higher compared
to patients without comorbidities who experienced nosocomial
infection, numbering 22 patients.'>

Certainly, this correlate with the decreased immunity

induced by occurring comorbidities, one of which is caused by
diabetes mellitus. The presence of hyperglycemia in T2DM
patients can risen mortality and increase bad prognosis in the
pathophysiology of COVID-19. Various complications from the
interaction of these two diseases can arise at any time, including
heart disease, heart failure, and chronic kidney disease.'®
Clinically, it is also stated that COVID-19 patients with T2DM
experience a significant decrease in immune response, causing the
lung's survival against bacterial infections to weaken. As a result,
with a weakened immune system, bacterial coinfection can easily
occur in COVID-19 patients with T2DM. A study on 129
comorbid T2DM patients showed a Case Fatality Rate (CFR) of
35.8%. This result increased compared to non-DM patients with a
CFR of 10%. In the same sample, it was found that 64.2% of
T2DM patients with bacterial coinfection died, with the majority
of coinfections by K. pneumonia and A. Baumannii.*°

This decrease in immunity is related to the severity of the

disease, which was also significant in this study. This is similar
with previous research by Asmarawati et al. (2021), who
evaluated bacterial coinfection in COVID-19 patients with mild,
severe, and critical conditions in Surabaya, Indonesia. The study
showed an increase in the duration of hospitalization between
patients with bacterial infection and non-bacterial infection
(<0.05). The study reported the average duration of
hospitalization in patients without bacterial infection was 13.31 +
7.12, while in patients with bacterial infection, the average
duration of hospitalization was 17.6 + 6.62 days. In addition, the
severity of COVID-19 is closely related to the duration of
hospitalization, where the average duration of hospitalization in
patients with mild, severe, and critical COVID-19 is 12.97 + 6.7,
15.61 + 7.1, and 16.89 + 9.4 days, respectively (p = 0.03)."

The worsening of clinical manifestations in patients is

associated with several other factors. Comorbidities, including
diabetes mellitus, are closely related to the clinical outcomes and
severity levels of COVID-19.® Moreover, complications from
COVID-19 are also closely related to the duration of
hospitalization, severity, and clinical outcomes of patients.
Previous research by Hasabo et al. (2021) showed several
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COVID-19 complications related to patients' clinical outcomes
and predictors of patient mortality. The study indicated symptoms
such as shortness of breath as a specific predictor of patient
mortality, with an Odds Ratio of 3.39 (95% CI: 1.35-8.54; p =
0.01). In addition, other COVID-19 complications that also have
an impact include sepsis (OR: 15.07; p <0.001), acidosis (32.7; p
< 0.001), respiratory failure (OR: 44.75; p < 0.001), and ARDS
(OR: 6.53; p = 0.002). The results of these complications were
also found in severe and critical COVID-19 patients in this
study. %%

CONCLUSIONS AND SUGGESSTION

From the study and discussion above, several conclusions
can be drawn. Significant relationship can be found between Type
2 Diabetes Mellitus (T2DM), as indicated by random blood
glucose levels, and the occurrence of bacterial infections.
Additionally, the severity of COVID-19 is correlated with
bacterial infections in COVID-19 patients treated at the ICU of
Prof. Dr. | G.N.G. Ngoerah Regional General Hospital in 2021-
2022.Furthermore, the author suggests conducting further
research with a cohort design that can follow up and determine
patient outcomes based on their infection status over a specific
duration. Additionally, it is necessary to perform multivariate
analysis to exclude confounding variables in this study to reduce
bias.

REFERENCE

1. Dwikayana IM, Subawa AAN, Yasa IWPS. Gambaran
HbAlc Pasien Diabetes Melitus Tipe 2 Dengan
Komplikasi Ulkus Kaki Diabetik di Poliklinik Penyakit
Dalam RSUP Sanglah Denpasar Periode April-
September 2014. E-Jurnal Med Udayana; Vol 5 No 7
E-jurnal Med udayana [Internet]. 2016 Jul 2; Available
from:
https://103.29.196.112/index.php/eum/article/view/215
64

2. ZhouT,HuZ YangS, SunL, YuZ, Wang G. Role of
Adaptive and Innate Immunity in Type 2 Diabetes
Mellitus. J Diabetes Res. 2018;2018:7457269.

3. Karagiannidis C, Windisch W, McAuley DF, Welte T,
Busse R. Major differences in ICU admissions during
the first and second COVID-19 wave in Germany.
Lancet Respir Med [Internet]. 2021;9(5):e47-8.
Available  from: http://dx.doi.org/10.1016/S2213-
2600(21)00101-6

4. Gadotti AC, de Castro Deus M, Telles JP, Wind R,
Goes M, Garcia Charello Ossoski R, et al. IFN-y is an
independent risk factor associated with mortality in
patients with  moderate and severe COVID-19
infection. Virus Res. 2020 Nov;289:198171.

5. Lu Z-H, Yu W-L, Sun Y. Multiple immune function
impairments in diabetic patients and their effects on
COVID-19. World J Clin  cases. 2021
Aug;9(24):6969-78.

http://ojs.unud.ac.id/index.php/eum
doi:10.24843.MU.2024.V13.i02.P10

10.

11.

12.

13.

14.

15.

16.

17.

18.

Algahtani A, Alamer E, Mir M, Alasmari A,
Alshahrani MM, Asiri M, et al. Bacterial Coinfections
Increase Mortality of Severely 11l COVID-19 Patients
in  Saudi Arabia. Int J Environ Res Public Health.
2022 Feb;19(4).

Moreno-Garcia E, Puerta-Alcalde P, Letona L, Meira
F, Duefias G, Chumbita M, et al. Bacterial co-infection
at hospital admission in patients with COVID-19:
Bacterial co-infections in COVID-19. Int J Infect Dis.
2022;118:197-202.

Langford BJ, So M, Raybardhan S, Leung V,
Westwood D, MacFadden DR, et al. Bacterial co-
infection and secondary infection in patients with
COVID-19: a living rapid review and meta-analysis.
Clin Microbiol Infect Off Publ Eur Soc Clin
Microbiol Infect Dis. 2020 Dec;26(12):1622-9.
Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-
Sebal A, Siddigi H, Uribe KB, et al. Pathophysiology
of type 2 diabetes mellitus. Int J Mol Sci.
2020;21(17):1-34.

Lim S, Bae JH, Kwon H-S, Nauck MA. COVID-19
and diabetes mellitus: from pathophysiology to clinical
management. Nat Rev Endocrinol. 2021;17(1):11-30.
NICE. COVID-19 rapid guideline: Managing COVID-
19. 2022.

Tae-Bong K, Yasmin H, Youngmin L, Hyunjhung J,
Joohee K, Soohyun K. Diabetes and bacterial
infection. Int J Clin Endocrinol Metab. 2022;8(1):001-
8.

He Y, Li W, Wang Z, Chen H, Tian L, Liu D.
Nosocomial infection among patients with COVID-19:
A retrospective data analysis of 918 cases from a
single center in Wuhan, China. Infect Control Hosp
Epidemiol. 2020;41(8):982-3.

Abu-Farha M, Al-Mulla F, Thanaraj TA, Kavalakatt S,
Ali H, Abdul Ghani M, et al. Impact of Diabetes in
Patients Diagnosed With COVID-19. Front Immunol.
2020;11:576818.

Mohammadnejad E, Manshadi SAD, Mohammadi
MTB, Abdollai A, Seifi A, Salehi MR, et al.
Prevalence of nosocomial infections in Covid-19
patients admitted to the intensive care unit of Imam
Khomeini complex hospital in Tehran. Iran J
Microbiol. 2021;13(6):764-8.

Hasabo EA, Ayyad FA, Alam Eldeen SAM,
Noureldaim MK, Abdallah TA, Ahmed YT, et al.
Clinical manifestations, complications, and outcomes
of patients with COVID-19 in Sudan: a multicenter
observational study. Trop Med Health. 2021;49(1).
Asmarawati TP, Rosyid AN, Suryantoro SD, Mahdi
BA, Windradi C, Wulaningrum PA, et al. The clinical
impact of bacterial co-infection among moderate,
severe and critically ill COVID-19 patients in the
second referral hospital in Surabaya. F1000Research.
2021;10(May):113.

Patton MJ, Orihuela CJ, Harrod KS, Bhuiyan MAN,

Page 51



lda Bagus Prema Satia Bayu Saputral, | Wayan Suranadi?, Tjokorda
Gde Agung Senapathi2

Dominic P, Kevil CG, et al. COVID-19 bacteremic co- 19. Jiménez E, Fontan-Vela M, Valencia J, Fernandez-

infection is a major risk factor for mortality, ICU Jimenez 1, Alvaro-Alonso EA, lzquierdo-Garcia E, et
admission, and mechanical ventilation. Crit Care. al. Characteristics, complications and outcomes among
2023;27(1):1-12. 1549 patients hospitalised with COVID-19 in a

secondary hospital in Madrid, Spain: A retrospective
case series study. BMJ Open. 2020;10(11):1-10.

20. Reyes LF, Bastidas A, Narvéez PO, Parra-Tanoux D,
Fuentes Y V., Serrano-Mayorga CC, et al. Clinical
characteristics, systemic complications, and in-hospital
outcomes for patients with COVID-19 in Latin
America. LIVEN-Covid-19 study: A prospective,
multicenter, multinational, cohort study. PLoS One.
2022;17(3 March):1-15.

http://ojs.unud.ac.id/index.php/eum Page 52
doi:10.24843.MU.2024.V13.i02.P10


http://creativecommons.org/licenses/by/4.0/

