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Abstract: India is under the second wave of the coronavirus disease (COVID-19). It seems that the second wave has created more
impact than the first wave with an increased mortality rate. The mortality rate among young age group below 17 years is 0.05% with an
increase of 16.6% above 17 years. Various studies have revealed that COVID-19 positive individuals show altered levels of both
biochemical and hematological parameters with increased severity. To the best of our knowledge, no studies have investigated the altered
levels with different age group. Hence, the study's primary goal is to assess biochemical and haematological parameters in COVID-19
positive individuals and compare the levels in different age groups of the South Indian population in the second wave of COVID-19. The
subjects were divided into 3 groups based on their age as between 19-40 years, 41-60 years, and 61-80 years. The biochemical parameters
measured included liver and renal function tests, electrolytes, inflammatory markers, and blood glucose. ESR and haematological
parameters were measured. Under biochemical parameters, serum urea, uric acid, and creatinine increased significantly with increasing age
group, whereas serum albumin decreased significantly with increasing age group. With ferritin and CRP, there was statistical significance
among different age groups. It was found that diabetic patients with high HbA1C levels with increase age are more prone to COVID-19
infection. On hematological investigation significant decrease in the eosinophil count and increased basophil count were observed among
different age group. The study concludes that compared to younger age groups, older ones with COVID-19 showed increase in immune
and inflammatory markers, Markers of the adaptive immune response also increased with age. Hence, continuous monitoring and
additional care must be given the older ones to reduce the effects of severity of COVID-19 among south Indian population.
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1.

INTRODUCTION

In the recent past coronavirus disease 2019 (COVID-19) has
spread all over the world was found to be the most dreaded
disease. In March 2020 India started to experience a
significant increase in the number of COVID-19-positive
cases.1 At present, India is under the
second wave of
COVID-19. This second wave started to rise since second
week of April. It seems that the second wave has created
more impact than the first wave. The worst part is, the virus
is mutated in the second wave, which even affects the
younger once more exponentially.2The mortality rate in the
second wave of COVID-19 is 0.05% among young age group
below 17 years, with an increase in the mortality rate to
16.6% above 17 years.3The clinical features of COVID-19 can
range from asymptomatic infection to mild and severe forms.
Recent studies on COVID-19 positive subjects have shown
that various biochemical, hematological and inflammatory
parameters are altered in these patients and is useful as
diagnostic markers to assess the severity, progression of
disease and classify patients presenting with severe or fatal
clinical conditions.4 Several studies from COVID-19 positive
individuals show alteration in hematological and biochemical
laboratory parameters associated with the condition of a
COVID-19 patients.5 The role of laboratory parameters in
screening of COVID-19 cases has been established. This
alteration in the parameters is due to the involvement and
injury of major organs induced by COVID-19 patients.6 The
measurement of inflammatory parameters could help the
physicians to rapidly identify severe COVID-19 patients,
hence facilitating the early initiation of effective treatment.
The level of LDH, CRP, ALT and NEU can be used to predict
the result of COVID-19 test. They can help in detection of
COVID-19.7Previous studies were on the assessment of
clinical parameters on non-severe, severe and critical
COVID-19 patients and found an increase in various markers
associated with the immune response and markers of tissue
and organs damage.8Studies have also shown that severe
COVID-19 were also found to have dysregulated
inflammation and coagulation activation and therefore, it is
biologically reasonable that the hematological parameters
included in the prediction model have clinical significance.
These routine clinical hematology parameters can identify the
patients at risk of developing severe COVID-19
disease.9 Clinical evaluation will be paramount at every step
and biomarkers will need to be meaningfully integrated
bedside decision making. Biomarker panels rather than single
biomarkers may provide more reliable information.10Though
studies on COVID-19 positive subjects shows that with the
increase in severity there is alteration in biochemical and
hematological markers and parameters, to the best our
knowledge, no studies have investigated the effect and
association of different age group with the altered levels of
biochemical and hematological parameter, which may gives us
more predictive outcomes among COVID-19 positive
subjects. Hence, the aim of the study is to assess the
biochemical and hematological parameters of COVID-19
positive individuals of different age groups among South
Indian population in the pandemic condition during the
second wave in India and this information can contribute to
patient care are questions which currently lack convincing
answers.
2.
MATERIALS AND METHODS
This cross-sectional study was conducted with 195 COVID19 positive individuals. The participants were divided into 3

groups based on different age groups as GROUP A, GROUP
B, and GROUP C. In which 19-40 years were in GROUP A,
41-60 years were in GROUP B and 61-80 years were in
GROUP C.
Inclusion Criteria
COVID-19 positive patients between the ages of 18 and 80.
Exclusion Criteria
Age less than 18 years and more than 80 years were
excluded.
All patients registered in the study were explained about the
study. Under aseptic precautions, a 3 ml venous blood
sample was collected from the ante
cubital vein from all
the subjects in appropriate vacutainer tubes. Serum Bilirubin
by DPD method, AST and ALT by UV KINETIC method,
ALP by -NP AMP KINETIC method, GGT by KINETIC
method, Total protein by Biuret method, Albumin by BCG
using BS 480 analyzer, and Globulin by calculation are the
biochemical parameters of liver function tests. The renal
function tests include urea by Urease-GLDH method,
Creatinine by Jaffe’s KINETIC method and Uric acid by
Uricase method using BS 480 analyzer. Electrolytes such as
sodium, potassium, and chloride were measured using the
DIRECT-ISE method, inflammatory markers such as LDH
were measured using the UV kinetic method in the BS 480
analyzer, ferritin was measured using the CLIA method in the
SIEMENS ADVIA CENTAUR CP Analyzer, and CRP was
measured using the Latex agglutination test, RBS (random
blood glucose) was measured using the GOD-POD method
in the The electrical impedance method was used to analyse
haematological parameters such as total cell count,
neutrophil, lymphocytes, eosinophil, basophils, monocytes
haemoglobin, RBC, MCV, MCH, and MCHC and ESR by
Westergren method using automated VESMATIC CUBE 30
analyser.
3.

STATISTICAL ANALYSIS

Data were analyzed using the Statistical Package of Social
Service (SPSS 22.0). Normally distributed data with
continuous variables were presented as Mean ± SD and the
categorical variables were expressed as percentages. To
compare the difference between the mean levels of
parameters between the three groups, one way ANOVA was
used. To indicate a significant difference, a p value <0.05 was
taken, for all statistical tests.
4.

RESULTS

A total of 195 COVID-19 positive individuals between the
ages of 18 and 80 years were studied, 52 subjects between
the age group of s were taken as GROUP A, 94 subjects
between the age group of 41-60 years were taken as
GROUP B and 49 subjects between the age group of 60-80
years were taken as GROUP C. The mean ages of GROUP
A, GROUP B and GROUP C were 33.9 ± 3.22years,50.21 ±
5.36years and 66.22 ± 5.36 years respectively. Among 195
subjects about 69%, GROUP A, 61% GROUP B and
67%GROUP C were males and 31 %GROUP A, 39%GROUP
B and 33%GROUP C were females, which shows that
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likely to COVID-19 infection than females. (Table. 1)
independent to age group predominantly males are more
Table 1: Demographic features of the study group.
Parameters
GROUP
GROUP B
GROUP C
A
(n= 94)
(n= 49)
(n= 52)
Mean age (MEAN ± SD)
33.9 ± 3.22 50.21 ± 5.36 66.22 ± 5.36
Male %
69%
61%
67%
Female%
31 %
39%
33%
The values are expressed in %.

A significant increase in the biochemical values of renal
function test such as urea and creatinine with an increase in
the age group was observed, with no difference in uric acid
levels under liver function test total protein is found to
significantly increase with age, but serum albumin was found
to be significantly decrease with increase in age. There is no

significant difference in electrolytes levels in various age
groups. A statistical significance was observed in
inflammatory markers such as ferritin and CRP which
increase with age. It is found that diabetic patients with high
HbA1C levels with increase age groups are more prone to
COVID-19 infection. (Table. 2)

Table 2: Comparison of Mean ± SD of the Measured Biochemical Parameters between GROUP A, B and C.
PARAMETERS
NORMAL RANGE
GROUP A
GROUP B
GROUP C
p VALUE
(n= 52)
(n= 94)
(n= 48)
LIVER FUNCTION TEST
Total bilirubin
0.5-1.0 mg/dl
0.68 ± 0.22
0.7 ± 0.21
0.70 ± 0.26
.92
Direct bilirubin
0.2-0.6 mg/dl
0.26 ± 0.1
0.28 ± 0.13
0.27 ± 0.12
.72
Indirect bilirubin
0.7-0.9 mg/dl
0.42 ± 0.14
0.41 ± 0.15
0.43 ± 0.16
.77
AST
8-40 U/L
38.5 ± 10.67
41.24 ± 21.73
40.6 ± 16.26
.82
ALT
5-35 U/L
43.41 ± 21.09
39.10 ± 20.41
35.5 ± 17.89
.19
ALP
40 – 125 U/L
62.64 ± 23.07
70.95 ± 35.97
76.47 ± 27.46
.14
GGT
10-50 U/L
40.96 ± 17.7
48.57 ± 25
48.35 ± 18.32
.27
Total protein
6-8 g/dl
6.72 ± 0.96
6.79 ± 1.11
7.1 ±0.85
.009**
Albumin
3.5-5.0 g/dl
4 ± 0.68
3.95 ± 0.94
3.59 ± 0.44
.02*
Globulin
2.5 3.0 g/dl
2.72 ± 0.43
2.84 ± 0.57
2.61 ± 0.67
.16
A/G Ratio
1.1-2.5
1.48 ± 0.28
1.46 ± 0.53
1.50 ± 0.62
.94
RENAL FUNCTION TEST
Urea
15-40 mg/dl
33.5 ± 12.1
34.87 ± 18.25
43.68 ± 21.50
.004**
Creatinine
0.5-1.2 mg/dl
0.76 ± 0.24
0.79 ± 0.25
1.33 ± 0.92
<.0001***
Uric acid
3.0-7.2 mg/dl
4.17 ± 1.57
3.25 ± 1.32
5.14 ± 7.54
.05
ELECTROLYTES
Sodium
135-150 mmol/L
136.6 ± 4.2
133.6 ± 15.22
134.33 ± 5.07
.39
Potassium
3.5-5.0 mmol/L
4.19 ± 0.43
4.16 ± 0.46
4.25 ± 0.67
.66
Chloride
95-105 mmol/L
104.5 ± 3.85
103.9 ± 6.46
103.11 ± 5.04
.48
INFLAMMATORY MARKERS
LDH
250-480 U/L
349.51 ± 156.04
390.33 ±171.48
354 ± 141.61
.37
Ferritin
20-250 ng/ml
512.21 ± 426.45
564.9 ± 346.54
661.7 ± 336.3
<.0001***
CRP
< 10 mg/L
2.53 ± 3.46
2.56 ± 1.21
3.78 ± 2.09
.004
BLOOD GLUCOSE LEVELS
RBS
70-140 mg/dl
150.67 ± 76.51
230.10 ± 109.4
238.1 ± 107.2
.0001***
HbA1C
4.5-6.0 %
6.26 ± 1.04
7.19 ± 1.57
7.23 ± 1.23
.004**
Values are expressed in mean ± standard deviation. The values are statistically significant based on the p value. p value <0.05*, p value <0.01**, p
value <.001***, NS-Not Significant.

A significant decrease in the eosinophil count and increase in basophil count was observed with an increase in age group and
hemoglobin, PCV, MCH decreases significantly with increase in age group, but insignificantly MCV and MCHC also decrease with
increasing age. ESR an inflammatory marker significantly increases with age group. (Table. 3)
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Table 3: Comparison of Mean ± SD of the Measured Hematological Parameters between GROUP A, B and
C.
PARAMETERS
NORMAL RANGE
GROUP A
GROUP B
GROUP C
p VALUE
(n= 52)
(n= 94)
(n= 48)
Total cell count
4500-11000/ microliter
8166.7 ± 4757.8
8671.6 ± 4364.4
8152.6± 4068.5
.82
Neutrophils
40-80 %
74.19 ± 18.58
78.87 ± 16.37
81.65 ± 11.14
.08
Lymphocytes
20-40%
18.6 ± 15.06
21.23 ± 9.5
24.51 ± 14.14
.09
Eosinophil
1-3%
1.67 ± 1.52
1.1 ± 1.03
1.28 ± 0.98
.04*
Basophils
0-1%
0.76 ± 0.7
1.24 ± 1.04
2.37 ± 2.27
<.0001***
Monocytes
4-8%
2.19 ±2.03
2.74 ± 2.26
2.74 ± 2.53
.42
Hemoglobin
12-15.5 g/dl
14.1 ± 1.56
13.08 ± 1.66
12.36 ± 2.27
<.0001***
RBC
4.5-6.0 million
4.4 ± 0.5
4.36 ±0.49
4.26 ± 0.49
.39
PCV
35.5-44.9 %
39.95 ± 4.6
36.95 ± 4.88
36.56 ± 6.63
.007**
MCV
80-100 fl
85.7 ± 15.03
84.82 ± 9.9
83.66 ± 9.67
.69
MCH
27-31 pg/cell
30.93 ± 4.19
30.86 ± 7.4
29.84 ± 3.81
<.0001***
MCHC
32-36 g/dl
34.88 ± 0.98
34.82 ± 1.39
34.78 ± 1.49
.58
ESR
0-29 mm/hr
39.12 ± 17.3
47.5 ± 18.3
64.58 ± 21.02
<.0001***
Values are expressed in mean ± standard deviation. The values are statistically significant based on the p value. p value <0.05*, p value <0.01**, p
value <.001***, NS-Not Significant.

5.

DISCUSSION

SARS-CoV-2
(severe
acute
respiratory
syndrome
coronavirus 2), is the virus that causes COVID-19
(coronavirus disease 2019), has spread quickly and became
pandemic.11 Although the disease affects all the age groups of
the population, it is seen that older ones are more vulnerable
to the COVID-19 infection compare to other age groups.12,13
A study by Mélodie Monod et al, showed that adult and older
age groups disproportionate to the size of the population are
susceptible to COVID-19 disease.14 In this study, the mean
ages of Group A, Group B, and Group C were 33.9 ± 3.22
years, 50.21 ± 5.36 years and 66.22 ± 5.36 years respectively.
Among 195 subjects about 69% Group A, 61% Group B, and
67% Group C were male and 31 % Group A, 39% Group B,
and 33% Group C were female, which shows that
independent to age group predominantly males are more
susceptible to COVID-19 diseases than female.15 It is seen
that COVID-19 severity is associated with alteration of
several
biochemical
and
hematological
laboratory
parameters.3,16,17,18 In this study, a significant increase in the
biochemical values of renal function tests such as urea and
creatinine with an increase in the age group was observed, so
that the patient may develop kidney damage due to COVID 19. It is found that serum albumin is found to decrease with
an increase in the age group with significance which states
that there is an increase in proteinuria with loss of albumin.
A study by Xiucui Han et al, showed that COVID-19 affect
kidney may develop kidney damage and also complicate the
condition of the patient with kidney disease, with the most
commonly patient present with proteinuria.19 A study by
QingxianCai et al, showed that above 24% of COVID-19
patients have elevated ALT and GGT levels and COVID-19
positive individuals with abnormal liver function test may
progress to more severe COVID-19 condition,20 but this
study did not support the above study where there is no
significant rise was observed with age group. There is no
significant difference in electrolytes levels in various age
groups, but a statistical significance was observed with
inflammatory markers such as ferritin, ESR and CRP that
increase with increasing age group age. A study by Muammer
Yucelet al, showed that the severity of COVID-19 is

associated with an increase in the rate of inflammatory
markers such as ferritin, ESR, CRP, procalcitonin, D-dimer,
and fibrinogen.21 Other studies also support that assessment
of the inflammatory marks can be used to observe the
condition of COVID-19.22,23 In this study, it is found that
diabetic patients with high HbA1C levels with an increasing
age group are more prone to COVID-19 infection, similar to
the study of Zhenzhou Wang et al.25 A study by Michal
Shauly-Aharonov et al, showed that pre and post blood
glucose raise in COVID-19 positive individuals result in
severe
complications of disease.26 This study shows
significant decreases in the eosinophil count and increased
basophil count with an increase in age group and hemoglobin,
PCV, MCH decreases significantly with increase in age group,
but insignificantly MCV and MCHC decrease with increasing
age. Which is similar to the study by Guoguang Lu et al,
showed that there is a decrease in eosinophil and lymphocyte
count and also supports that there will be an increase in
hemoglobin and RBC levels in COVID-19 positive
individuals.27 But a study by Qin C, Ziwei MP et al, showed
that there will be a decrease in basophil count in COVID-19
patients which is in contrast to this study where the basophil
levels are raised.28 As several studies suggest that the severity
of the COVID-19 condition can be analyzed by the clinical
parameters, 4 this study shows that assessment of
biochemical and hematological parameters are association
with different age groups.
6.

CONCLUSION

Compared to younger age groups, older ones with COVID19 are associated with an increase in the markers of immune
and inflammatory response such as ferritin, CRP,ESR and
increase in markers of tissue and major organ failure
including urea and creatinine, with a decrease in serum
albumin levels. Markers of the adaptive immune response
have changed, with eosinophils decreasing and basophils
increasing significantly with age. The clinical utility of these
markers should be investigated in order to assess the risk of
age criteria and track the clinical progress of COVID-19. As a
result, continuous monitoring and additional care must be
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provided to the elderly in order to reduce the severity of
COVID-19 among the South Indian population.
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