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Abstract  Vaccines against the Coronavirus Disease-19 (COVID-19) may be effective in reducing hospital stay 
rates, severe illnesses, and fatalities. Being hospitalized, prognostic variables and immunization effects on 
inflammatory indicators must be assessed. Our research evaluated whether vaccinations affect indicators of 
inflammation. In this cross-sectional study, 55 hospitalized COVID-19 patients were documented together with their 
demographics, comorbidities, and inflammatory markers from November 1, 2021, to December 31, 2021. The 
patients were divided into three groups according to their COVID-19 vaccination status: 28 were unvaccinated, 7 
were partially vaccinated, and 20 individuals were fully vaccinated. Out of 55 participants, the mean age ( ± SD) was 
59.8 ( ± 15.5) years and 56.4% of the total patients were females. 94.5% of the patients had comorbidity (78.2% 
diabetic, 74.5% hypertensive). A significantly higher (p = 0.03) number of patients with Diabetes Mellitus (DM) 
were unvaccinated. Among 55 patients, 24 were admitted to the ICU and 31 were in general beds that were isolated 
for COVID-19 patients. No significant association was found between the patient’s vaccination status and hospital 
admission site (p = 0.9). The median values of CRP, D-dimer & LDH were statistically significant among the groups 
(p < 0.05). The unvaccinated patient group had significantly higher CRP (p = 0.017) & LDH (p = 0.023) levels than 
the partially vaccinated group. Moreover, the D-dimer levels of unvaccinated patients were significantly higher than 
both the fully vaccinated (p = 0.024) as well as the partially vaccinated group (p = 0.035). No significant differences 
were observed in serum Ferritin levels among the groups (p = 0.34). Though COVID-19 immunization can’t remove 
the possibility of infection, it reduces illness severity and inflammatory responses, improving clinical outcomes and 
perhaps decreasing hospitalization and death. 
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1. Introduction 

The World Health Organization (WHO) declared 
Coronavirus Disease-19 (COVID-19), as a pandemic in 
March 2020, which led to global health emergencies and 
high fatalities in the twenty-first century. [1] To reduce the 
mortality, the Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2) vaccines were introduced 
and very swiftly authorized for use and commercialization. 
By March 2022, an estimated approximately 10 billion 
vaccination doses had been given globally, with 63.1% on 
at least one dosage coverage. [2] The Bangladeshi 
government first launched an immunization campaign in 
early, 2021 and gradually authorized the use of around 
seven types of vaccines in Bangladesh. [3] 

COVID-19 infection still affects persons who received 
the vaccine due to its very distinct host immune responses 
and uncertain effects on novel mutations, although the rate 
of hospital stays, death outcomes, and severe infections 
has been substantially lowered through immunization. [4] 

The geographical diversity of human responses and 
some environmental factors interrupt the assessment of the 
effectiveness of vaccines in preventing severe and critical 
illness, the requirement of hospitalization, and the impact 
of COVID-19 infection. [2] The WHO research found the 
inactivated coronavirus vaccine used in some countries 
like China, Brazil, Turkey, Chile and Indonesia etc was 
successful in reducing the hospitalization rate and 
preventing symptomatic disease, ranging from 84-50% to 
100-85%. [5] Most of those studies have focused on the 
effectiveness of vaccination in preventing hospital stays 
and illness but evaluating the in-hospital laboratory data 
differences between vaccinated and unvaccinated patients, 
is also essential for infected patients. [2] 

The levels of many biomarkers such as C-reactive 
protein (CRP), Ferritin, Erythrocyte Sedimentation Rate 
(ESR), Acute Phase Proteins (APP) such as procalcitonin 
and lymphocyte, Lactate Dehydrogenase (LDH), D-dimer, 
and others are consistently higher in respiratory viral 
infections including COVID-19. [5]. Acute-phase proteins 
serve as a valuable indicator for evaluating an individual's 
immune response. 
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Our study was carried out at one of the biggest tertiary 
care facilities in Bangladesh to evaluate the in-hospital 
differences between some clinical and laboratory 
parameters of patients, e.g- CRP, Ferritin, LDH, and D- 
dimer levels among vaccinated and unvaccinated COVID-
19 patients as well as to evaluate the contribution of 
immunization in reducing infection severity. 

2. Materials and Methods 

This cross-sectional research was carried out at the 
tertiary care hospital, Bangladesh Institute of Research 
and Rehabilitation in Diabetes, Endocrine, and Metabolic 
Disorders (BIRDEM). The research comprised individuals 
aged 18 years and above who were admitted to the 
hospital and tested positive for SARS-CoV-2 using the 
reverse transcription polymerase chain reaction (RT-PCR) 
method on nasopharyngeal swabs in between the time 
period of 1st November, 2021, and 31st December 2021. 
During this time, 65 individuals were hospitalized with a 
confirmed infection of COVID-19. Following the 
exclusion of patients with incomplete data, a total of 55 
confirmed cases who were admitted to both the Intensive 
Care Unit (ICU) and general wards that were isolated for 
COVID-19 patients were enrolled in the study. 

Based on vaccination status, patients were classified 
into three groups: fully vaccinated, partially vaccinated, 
and unvaccinated. The patients were defined as "fully 
vaccinated" who became symptomatic 14 days after 
receiving the second dose of the vaccine. However, 
"partially vaccinated" patients were those who became 
symptomatic two weeks or more after the first dose or 
who did not receive the second dose. Patients who became 
symptomatic less than 2 weeks after receiving the second 
dose were also classified as partially vaccinated. "People 
unvaccinated" were defined as those who did not get any 
dose of vaccine. [5] 

After obtaining approval from the BIRDEM Academy's 
ethical review board, a pre-designed questionnaire was 
used to collect patient history, followed by informed 
written consent while ensuring confidentiality and 
anonymity. Medical records, including the patient’s 
demographic characteristics and laboratory data (CRP, 
Ferritin, LDH, D-dimer) were obtained from the hospital 
database. The above laboratory markers were measured in 
blood drawn at the time of hospital admission. 

3. Statistical Analysis 

According to the study objectives, the statistical 
analysis was done by SPSS version 23 and Microsoft 
Excel was used to generate figures. A Chi-Square test was 
done to compare categorical variables among the groups. 
The results of the comparison of continuous variables 
(inflammatory markers) among these groups were 
analyzed by Kruskal-Wallis test. Results were interpreted 
based on p-values, a two-sided p-value of 0.05 was 
considered as statistically significant among the groups. 
Bonferroni Post-hoc pair-wise test were done to see the 
association between two groups, where p-values < 0.05 
were considered significant. 

4. Results 

Out of 55 participants, the mean age ( ± SD) was 59.8 
( ± 15.5) years, and 56.4% of the patients were females. 
Approximately 94.5% of the patients had co-morbid 
illnesses, among them 78.2% were diabetic, and 74.5% 
were hypertensive. Of the 55 patients, 24 were admitted 
to ICU, whereas 31 were from general wards and cabins. 
Among 55 patients, 20 (36.4%) and 7 (12.7%) 
individuals were fully and partially vaccinated, 
respectively, with the highest being 28 (50.9%) of the 
unvaccinated individuals (Figure 2). 

The presented study investigated the prevalence of 
SARS-CoV-2 infection in different age groups of 
patients. Notably, individuals aged 61-80 years and 41- 
60 years exhibited the highest proportion of COVID-19 
patients (Figure 1). 

 
Figure 1. Frequency of the SARS-CoV-2 Infection among Patients of 
Different Age Groups 

 
Figure 2. Pie Chart Distribution of COVID-19 Patients According to 
Vaccination status 

The Mean±SD age of the fully vaccinated COVID-19 
patients was (61 ± 14) years, the unvaccinated group 
(60 ± 15) years and the partially vaccinated patients (54 ± 
21) years. No significant association was found between 
the vaccination status of the patients with age (p = 0.6) as 
well as with sex (p = 0.2). A significantly higher number 
(p = 0.03*) of the patients with Diabetes Mellitus (DM) 
were unvaccinated as compared to partially and fully 
vaccinated individuals (Table 1). 

The mean and median values of CRP, D-dimer, & LDH 
levels were substantially higher in the unvaccinated group. 
Significant associations were found in the CRP (p = 0.011), 
D-dimer (p = 0.006) and LDH (p = 0.021) levels among 
the three groups. However, no significant differences were 
observed in the serum Ferritin level-based vaccination 
status (p = 0.342) (Table 2). 
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p-values were estimated by the Chi-Square test, p-value < 0.05 was considered significant. 
Of the 55 patients, 24 were admitted to ICU, whereas 31 were from general wards and cabins that were isolated for COVID-19 patients. But no significant 
association was found between the vaccination status of the patients with their admission site of hospital settings  (p = 0.9). 

Figure 3. Bar Chart Showing the Distribution of COVID-19 Patients Admitted in Different Hospital Settings 

Table 1. The Clinical Characteristics of the Study Population (N = 55) 
 

 
Variable 

Fully vaccinated 
(n=20) 

Partially vaccinated 
(n=7) 

Unvaccinated 
 

(n=28) 

 
p-value 

Age (Mean±SD) 
Years 61±14 54±21 60±15 0.6 

Gender     
Male 9 5 10  

0.2 Female 11 2 18 
Co-morbidities     

HTN 14 5 22 0.7 
DM 15 3 25 0.03* 

Bronchial Asthma 3 1 4 0.9 
COPD 2 0 2 0.6 

Cardiovascular disease 7 3 5 0.2 
Cerebrovascular Disease 2 0 4 0.5 

CKD 7 2 12 0.7 
Thromboembolic disorder 6 2 4 0.3 

p- value < 0.05* was considered significant 
p- values were estimated by the Chi-Square test 

Table 2. Inflammatory Markers of Patients With COVID-19 Infection Related to Vaccination Status 
 

 
Inflamma-tory markers  Fully vaccinated 

n=20 
Partially vaccinated 

n=7 Unvaccinated n=28 p- value 

CRP 
(mg/L) Mean 58.8 35.4 77.9  

 Median 
(IQR) 

56.7 
(16.3-90.6) 

33.7 
(15.3-44.5) 

86.2 
(58.6-96.9) 0.011* 

Ferritin(ng/ml) Mean 413.2 343.4 489.9  

 Median 
(IQR) 

368.5 
(132.6-702.8) 

206 
(130-370) 

304.5 
(250-612.8) 0.342 

D-dimer (mg/ml) Mean 1.6 1.0 3.2  

 Median 
(IQR) 

0.9 
(0.4-2.5) 

0.5 
(0.1-2.3) 

2.4 
(1.3-3.6) 0.006* 

LDH 
(I.U/L) Mean 307.8 153.1 464.4  

 Median 
(IQR) 

300 
(165-470.5) 

120 
(70-200) 

447 
(217.5-565) 0.021* 

p value <0.05* was considered  significant 
p values were estimated by Kruskal-Wallis test. 

 

 



 American Journal of Infectious Diseases and Microbiology 113 

 
Figure 4. Box-Plot Representation Of Inflammatory Marker, CRP & 
Ferritin 

 
Figure 5. Box-Plot Representation of Inflammatory Marker, LDH & D- 
dimer 

Box-plot represents significantly higher inflammatory 
markers- CRP, LDH & D-dimer levels in the unvaccinated 
group than the partially vaccinated group (Figure 4, Figure 
5). The D-dimer level of the unvaccinated group was 
significantly higher than the fully vaccinated group also 
(Figure 5). Ferritin level was not significant in any group 
(Figure 4). 

5. Discussion 

By rendering an immune system resistant to viruses, 
vaccines play a role as an immunomodulator in the 

pathogenesis of disease. The aim of a vaccine against any 
virus is to either reduce disease severity, eradicate it 
entirely, or decrease both morbidity and mortality. [2] The 
effect of vaccinations on laboratory tests such as CRP, D- 
dimer, Ferritin, and LDH, which are made at the onset of 
the disease, is mostly unknown. While assessing the 
severity of COVID-19 disease, the APPs—which 
represent the individual immune response—are crucial 
indicators as they indicate organ damage as well as the 
mortality of the patients. The evaluation of the functions 
of acute phase proteins like Ferritin, Erythrocyte 
sedimentation rate, Fibrinogen, D-dimer, and CRP should 
be done. [2,7] Studying the frequency and impact of 
COVID-19 infection outbreaks in vaccinated individuals 
in Bangladesh is important, especially for those who need 
to be hospitalized. 

The incidence of severe COVID-19 in this study was 
higher in middle-aged (41–60 y) and elderly (61–80 y) 
individuals, and this finding is similar to another study. [8] 
The body's immunological components gradually decline 
at this age [9], with fewer B and T cells overall than in 
younger individuals. Due to a combination of lowered 
immunity, ongoing antigen exposure, and elevated 
proinflammatory cytokines, older persons typically have 
low-level chronic inflammations. 

In this study, comorbidities in the vaccinated group 
were not significantly different from the unvaccinated 
group except for Diabetes Mellitus (p = 0.03). The most 
important associated comorbidities in confirmed severe 
cases and mortality were similar to the national data as a 
whole (e.g., Diabetes Mellitus and Hypertension). [8] 
Type 2 diabetes and hypertension were the most common 
comorbidities among elderly patients with COVID-19 in a 
multicenter study from China. [10] A retrospective 
analysis of COVID-19 patients showed that the number of 
ACE-2 receptors in individuals with hypertension andtype 
2 diabetes was higher than in individuals without 
hypertension and type 2 diabetes. A pro-inflammatory 
condition characterized by an excessive cytokine response 
to infection makes COVID-19 patients fall to a severe or 
even critical degree and may even cause death. 

Only 8.1% of hospitalized COVID-19 patients had 
received all recommended vaccines, according to research 
on Israil by Haas et al. [11]. This result was closer to a 
comparable study conducted in India by Sagiraju [12], 
which revealed only a 3% vaccination rate. Compared to 
this study's findings, these immunization rates were 
substantially lower. Among the hospitalized COVID-19 
patients in this study, the complete vaccination rate was 
36.4%. The results of another surveillance study of over 
61,800 COVID-19 patients in Australia were 36.9% [8] 
and the results of Fatima et al. 2022 [2] were 37.7%. 
These results were more similar to this one. 

CRP level is used routinely as a marker in clinical 
practice to assess disease progression and response to 
treatment of both non-infectious and some infectious 
diseases. [13] A study by Liu et al. reported that COVID- 
19 disease progressed severely in cases with a CRP > 41.8 
mg/L. [14] Yormaz et al. emphasized that 67.47% of cases 
with COVID-19 disease had high CRP levels. [15] It is 
not clear how CRP levels develop in people with the 
disease, even if they are vaccinated. No significant 
difference in CRP levels was observed considering non- 
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vaccinated, one-dose vaccinated, and two-dose vaccinated 
patients in a study. [8] CRP was higher in the 
unvaccinated group than in the vaccinated groups, and the 
differences were statistically significant (p < 0.05); this 
finding is similar to this study. 

In COVID-19, D-dimer level is an excellent APP linked 
to inflammation and fibrin breakdown leading to activation 
of the fibrinolytic system and reflecting coagulation activity. 
[8,16] It was found that the D-dimer level in COVID-19 
illness was linked to inflammation in research by Yu et al. 
that compared the D-dimer level in bacterial pneumonia and 
COVID-19 pneumonia. [17] Higher D-dimer levels were 
positively correlated with death in COVID-19 cases, 
according to Tang et al. [18] In contrast to fully vaccinated 
COVID-19 patients, unvaccinated patients showed greater 
levels of D-dimer in some studies. [2,5,19] Özdemir et al. 
[5] found that unvaccinated COVID- 19 patients had D-
dimer levels that were around two to 4.4 times higher than 
those of vaccinated patients. However, this study showed 
different results. This study found significantly higher D-
dimer levels in unvaccinated COVID-19 patients than the 
fully vaccinated (p = 0.024) and partially vaccinated  
(p = 0.035) groups. 

Lactate dehydrogenase (LDH) is an intracellular 
enzyme involved in anaerobic glycolysis that converts 
pyruvate to lactate. [20] Studies currently suggest that 
blood LDH levels are a non-specific indicator of cellular 
death in a variety of disorders, such as inflammation and 
cancer, and most of the information on the dynamic 
change in LDH in COVID-19 pneumonia is yet unclear. 
[21,22] There was no appreciable difference in LDH 
levels based on vaccination status. [2,7] The results of 
these investigations were different from the study by  
Al- Qahani, where a significant association was found. [19] 
In this study, significantly higher LDH levels were found 
than in the partially vaccinated group, who got a very 
recent vaccination dose. 

Ferritin is another APP that may increase in response to 
viral infections and is commonly measured to detect iron 
deficiency anemia. [23] In some studies, ferritin level was 
a distinct predictor of COVID-19, ARDS, and mortality. 
[24] Ferritin levels in two-dose vaccinated patients were 
found to be significantly lower than those in one- dose 
vaccinated and unvaccinated patients. [5,19] However, in 
this study, no noticeable differences were observed in the 
ferritin levels of COVID-19 patients based on 
immunization. 

Our limitations were having a limited number of 
patients and evaluating the data retrospectively. The effect 
of different types of vaccines on laboratory figures could 
not be evaluated. 

6. Conclusion 

This research compares clinical and laboratory findings 
in Bangladeshi COVID-19 patients vaccinated and 
unvaccinated. Due to the data proving a reduction in 
multiple pro-inflammatory markers and hence potentially 
milder course of illness with immunization. Those patients 
had higher inflammatory markers (CRP, Ferritin, D-dimer, 
LDH levels), which indicated severe inflammatory 
response and worse outcomes than the unvaccinated group. 

Vaccination appears to mitigate the severity of COVID-19, 
leading to lower healthcare costs and better patient 
outcomes. Nonetheless, there have been some groups of 
people with other diseases who were found to respond 
relatively low to vaccination, and this underscores the 
importance of immunization in controlling the COVID-19 
pandemic, reminding us of the necessity of public health 
efforts for increasing the vaccine’s coverage. 
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