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A B S T R A C T

Background: Coronavirus is a virus that attacks the immune system, especially the human 
respiratory system. The elderly are at high risk of being infected with Coronavirus Disease-19 
(COVID-19), and as they get older, they are at risk of experiencing severe symptoms when infected 
with COVID-19. Leukocytes play a role in the immune system against foreign objects. The leukocyte 
count will decrease in the elderly. On the other hand, the increase of leukocytes plays a role as 
a clinical sign that is useful to be a predictor of body immunity when infected with COVID-19. 
Purpose: To determine the total leukocyte count in elderly patients that were confirmed COVID-19 
and hospitalized with and without a ventilator. Method: This study was a cross-sectional design 
study involving 93 elderly patients in General Hospital Surabaya. Result: The results showed no 
difference in the total leukocyte count in elderly hospitalized patients with and without a ventilator                   
(p-value = 0.756). Age above 70 years old increases the risk of patients requiring a ventilator up to 
1.7 times compared to patients under 70 years old. The highest leukocyte count was 20.880/mm3, 
and the lowest was 3.760/mm3. The ratio of leukocyte count in elderly patients with a ventilator 
group is  1 : 3 for low and high leukocyte counts, respectively. Conclusion: Leukocyte count is an 
important parameter as the predictor of the progression of the disease and helps in the decision 
regarding treatment strategy to prevent the cytokine storm.

A B S T R A K

Latar belakang: Virus Corona merupakan virus yang menyerang sistem kekebalan tubuh, 
terutama pada sistem pernapasan manusia. Lansia merupakan kelompok yang berisiko 
tinggi terinfeksi Coronavirus Disease-19 (COVID-19), karena seiring bertambahnya usia maka 
risiko untuk mengalami gejala parah saat terinfeksi COVID-19 akan meningkat. Leukosit 
memiliki peran dalam sistem kekebalan tubuh terhadap benda asing. Pada kelompok 
lanjut usia (lansia), jumlah leukosit akan menurun, namun sebaliknya peningkatan jumlah 
leukosit berperan sebagai tanda klinis prediktor imunitas tubuh saat virus Corona masuk ke 
tubuh. Tujuan: Untuk mengetahui jumlah leukosit total pada pasien lansia terkonfirmasi 
COVID-19 dan dirawat inap di rumah sakit dengan dan tanpa ventilator. Metode: Penelitian 
ini merupakan penelitian dengan desain cross-sectional yang melibatkan 93 pasien lansia 
dari salah satu rumah sakit umum di Surabaya. Hasil: Hasil penelitian menunjukkan tidak ada 
perbedaan jumlah leukosit total pada pasien lansia rawat inap dengan dan tanpa ventilator 
(p-value = 0,756). Usia diatas 70 tahun meningkatkan risiko pasien membutuhkan ventilator 
hingga 1,7 kali dibandingkan pasien dibawah 70 tahun. Jumlah leukosit tertinggi yaitu 20.880/
mm3 dan terendah 3.760/mm3. Rasio jumlah leukosit pada pasien lansia dengan kelompok 
ventilator adalah 1 : 3  untuk jumlah leukosit rendah dan tinggi. Kesimpulan: Jumlah leukosit 
merupakan parameter penting sebagai predictor perkembangan penyakit dan membantu 
dalam pengambilan keputusan mengenai strategi pengobatan untuk mencegah badai sitokin.
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INTRODUCTION

In the past three years, Coronavirus Disease-19 
(COVID-19) has been the most significant health 
problem in the world, including in Indonesia. In 
February 2020,  WHO introduced COVID-19 as the name 
of a new disease for the first time. As time passed by, 
COVID-19 still spread worldwide. On October 5th, 2022, 
the cases of COVID-19 in the world reached more than 
610 million and caused more than 6.5 million deaths. 
Meanwhile, in Indonesia, COVID-19 cases reached more 
than 6.4 million and caused more than 150 thousand 
deaths (Satgas COVID-19, 2022; WHO, 2020). On June 
20th, 2021 the National COVID-19 task force reported 
that the highest number of death was attributed to the 
city of Surabaya with a total of 1.382 death from 12.074 
deaths in Indonesia (WHO, 2021). 

Coronavirus is a virus that attacks the immune 
system, especially the human respiratory system. Elderly 
people have a high risk of being exposed to COVID-19 
because of the decrease in their immunity system. 
Once the elderly are confirmed positive for COVID-19, 
they are more likely to have severe symptoms. The 
severe symptoms mean that the elderly might need 
hospitalization, intensive care, or a ventilator to help 
them breathe. Otherwise, they might even die. The risk 
increases for people in their 50s and keeps on increasing 
in their 60s, 70s, and 80s. It also might worsen if the 
elderly have comorbid or chronic health conditions 
(CDC, 2020; Ganie, 2020).  

The patient confirmed COVID-19 would carry out 
several medical examinations, such as the white blood 
cell count examination (Dhinata, 2021; Ministry of 
Health of the Republic of Indonesia, 2020). Leukocyte 
or White Blood Cell (WBC) is commonly known to 
have an essential role in immunity and host response 
to infection, including in the elderly. Some studies 
found out that the evaluation of leukocytes and the 
differential count played a significant role in supporting 
the COVID-19 diagnosis and predicting the severity of 
the disease. The elevated white blood cell count could 
associate with hospital discharge rates and deaths in 
COVID-19 patients. Beside that, the leukocyte variations 
could contribute to increased clinical severity and directly 
indicate the poor prognosis of SARS-CoV-2 infections. 
Meanwhile, in the elderly, the total leukocyte count will 
decrease slightly as people age (Aminzadeh and Parsa, 
2011; Dhinata, 2021; Pijls et al., 2021; Selim, 2020; Zhu 
et al., 2021). In this study, we investigated the leukocyte 
count of elderly patients who were confirmed COVID-19 
based on the treatment with/without a ventilator in one 
of the general hospitals in Surabaya in 2021.

MATERIAL AND METHOD

This study was a cross-sectional study using 
secondary data from one of the general hospitals 
in Surabaya involving 93 elderly patients that were 

confirmed COVID-19 in 2021. The inclusion criteria for 
the subject were (1) Hospitalized patients that were 
confirmed COVID-19 in January to December 2021, (2) 
Patients’ ages ranging from 60 years and over, and (3) 
Having the data results of leukocyte count. The elderly 
patient in this study was divided into two rooms 
(1) The patient with severe symptoms and using a
ventilator in the COVID-19 ICU room the 6th floor and
(2) The patients with moderate symptoms without a
ventilator in isolation COVID-19 room, the 4th floor. The
leukocyte count was analyzed using Sysmex XN-500.
The method to analyze leukocyte count using Sysmex
XN-500 is fluorescence cytometry. The normal range of 
leukocyte counts for adults from 13 years and over is                               
4.500–13.500/mm3.

The data in this study will be presented in tables 
and graphs. Categorical data are presented in frequency 
and percentage (gender, productive age, high-risk 
age, and leukocyte count), while numerical data are 
presented in median (min-max). Chi-square and Fisher 
exact test were used to determine the difference 
between categorical variables. For the leukocyte count 
as a categorical variable, cells were combined between 
low and normal to meet the requirements of the fisher 
exact test. Mann-Whitney test was used to determine 
the differences between numerical variables (age and 
leukocyte count). The determination of odds ratio and 
95% confidence interval used binary logistic analysis 
for dichotomy outcome (with a ventilator and without 
a ventilator). The analysis used the SPSS Ver. 26.

RESULT

Characteristics elderly patients confirmed COVID-19
This study involved data from 93 elderly patients 

that were confirmed COVID-19 from January 2021 to 
December 2021 and hospitalized at X general hospital 
Surabaya. The 93 patient were elderly patients aged 
60 years and over who completed the blood count 
examination. The majority of the elderly patients confirmed 
COVID-19 in 2021 was male for 53 (57%) patients with the 
majority’s age ranging from 65 to 69 years for 23 (43%), 
while the total number of female patients was 40 (43%) 
patients with 16 patients (40%) whose age ranged from 
60-64 years (Table 1).

Table 1. The distribution of elderly patients confirmed 
COVID-19 based on age group and gender

Age  
(years old)

Male 
n (%)

Female 
n (%)

60-64 18 (34) 16 (40)

65-69 23 (43) 10 (25)

70-74  7 (13)          4 (10)

75-79            3 (6)          5 (12)

80-84            2 (4)          4 (10)

85-89            0 (0)          1 (3)

Total 53 (100) 40 (100)
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with a ventilator group was 19.720/mm3 at 66 years old, 
while in elderly patients without a ventilator was slightly 
higher or 20.880/mm3 at 79 years old patient. The 
same condition can be found in the lowest leukocyte 
count value in elderly patients. The lowest leukocyte 
count value in the group of elderly patients with a 
ventilator was 3.760/mm3 at 81 years old patient, while 
in the group of elderly patients without a ventilator was                                                                                                             
3.900/mm3 at 78 years old patient.

The majority of elderly patients confirmed 
COVID-19 with a ventilator were female, with a ratio of 
1 : 1.28 for males and females, respectively. The highest 
percentage among the age group of elderly patients 
with a ventilator is the patients in the high-risk age 
group or aged 70 years old and over (23.1%). The results 
of statistical analysis in this study showed that the 
distribution of leukocyte count between elderly patients 
with a ventilator group and elderly patients without a 
ventilator group was not significantly different (p-value 
0.756). This study indicated that the risk of female elderly 
patients requiring a ventilator treatment was 1.9 times 
higher than the risk of male elderly patients. Besides 
that, the risk of elderly patients aged 70 years and over 
requiring a ventilator treatment was 1.5 times higher 
than the risk of elderly patients below 70 years old.

Table 2. The distribution of categorical total leukocyte count 
based on age group and gender

Age group 
(years old)

Total leukocyte count

Low
n (%)

Normal
n (%)

High
n (%)

Male

60-64        1 (100) 14 (32)       3 (33,5)

65-69 0 (0) 20 (46)       3 (33,5)

70-74 0 (0)        5 (12) 2 (22)

75-79 0 (0) 2 (5) 1 (11)

80-84 0 (0) 2 (5) 0 (0)

85-89 0 (0) 0 (0) 0 (0)

Total        1 (100)      43 (100)        9 (100)

Female

60-64 0 (0) 12 (43) 4 (40)

65-69 0 (0) 7 (25) 3 (30)

70-74 0 (0) 3 (11) 1 (10)

75-79        1 (50) 3 (11) 1 (10)

80-84        1 (50)       2 (7) 1 (10)

85-89 0 (0)       1 (3)       0 (0)

Total        2 (100)     28 (100)     10 (100)

The elderly patients confirmed COVID-19 were 
divided into two-room care in X general hospital 
Surabaya based on the patient's clinical history. The 
first room was ICU COVID-19 Isolation Room on the 
6th floor. In this room, 16 (17%) elderly patients had 
critical conditions and severe COVID-19 symptoms, 
and were treated with a ventilator. The second room 
was COVID-19 Isolation Room on the 4th floor. In this 
room, 77 (83%) elderly patients had moderate COVID-19 
symptoms and needed special care from healthcare 
workers, but were treated without a ventilator (Figure 1).

With ventilator (ICU 
COVID-19 isolation room) 

Without ventilator (ICU 
COVID-19 isolation room)

Figure 1. The distribution of elderly patients based on the 
treatment 

The distribution of leukocyte count based on age 
group and gender

Table 2 displays that most elderly patients had 
normal leukocyte counts in males and females. The 
normal range of leukocyte count is 4.500-13.500/mm3. 
The age ranging from 60 to 64 years old is known as the 
elderly productive age, while the age over 70 is known 
as a high-risk age, especially with health association 
(Ministry of Health, 2021). Further, the results of the 
study revelead some elderly patients with leukocyte 
count below normal (<4500/mm3) and above the 
normal range (>13500/mm3). Three elderly patients (one 
male at elderly productive age and two females at high-
risk age) have a total leukocyte count below normal. 
In comparison, 19 patients (9 males and 10 females, 
the majority in the productive age range) have a total 
leukocyte count above normal.

The distribution of leukocyte count in elderly 
patients based on a ventilator usage

The detailed overview of leukocyte count 
distribution of elderly patients based on the ventilator 
usage can be seen in Figure 2 and Figure 3. From 
the total number of elderly patients with a ventilator 
involved in this study, 16 patients and the rest of the 77 
elderly patients did not use the ventilator. The majority 
of leukocyte count values in both groups was in the 
normal range, but low and high leukocyte count values 
were discovered in both groups. The critical leukocyte 
count values below and above the normal range (4.500-
13.500/mm3) in both groups are not much different. 
The highest leukocyte count value in elderly patients 
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Figure 2. Scattered plot of the total leukocyte count distribution in elderly patients with a ventilator
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Figure 3. Scattered plot of the total leukocyte count distribution in elderly patients without a ventilator
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DISCUSSION

This study discovered that the majority of elderly 
patients confirmed COVID-19 in X general hospital 
Surabaya in 2021 were hospitalized in the COVID-19 
isolation room on the 4th floor (77 elderly patients) 
rather  than in the COVID-19 ICU room on the 6th 
floor. The determinant factor that could affect this 
phenomenon is the COVID-19 vaccine. The COVID-19 
vaccine for the elderly in Indonesia started in January 
2021, earlier than the plan. Hence, at least some 
elderly patients involved in this study had their first 
dose of the COVID-19 vaccine (Arifin and Anas, 2021). 

The COVID-19 vaccine is one of the ways to 
prevent severe outcomes of COVID-19, including in 
high-risk populations (Andrews et al., 2022; Baum et 
al., 2022; Mazagatos et al., 2021; Moline et al., 2021). 
Administering the COVID-19 vaccine to the elderly 
must be done carefully. The aging process could 
decrease the immune system and response of the 
elderly, known as immunosenescence. Besides that, the 
aging process decreases organ function and increases 
the risk of having comorbidities, including waning the 
vaccine's effectiveness. Due to this condition, when 
given vaccination, the elderly population may not 

have an antibody development rate as high as the 
adult population. The elderly who wants to get the 
vaccine must obtain the physician's approval to show 
that the elderly are eligible to get the vaccine. However, 
the seroconversion rate was not as high as the adult 
population. It actually can protect our elderly from a 
severe illnesses that may lead to higher hospitalization 
rates and death (Setiati and Jessica, 2021).

The elderly patients confirmed COVID-19 involved 
in this study were 93 patients. The majority of the 
elderly patients were male, with the age ranging from 
60 to 69 years old. Based on the severity, this study 
revealed that female was more likely to require a 
ventilator treatment up to 1.9 times higher than male 
but not significantly different between male and female                                                                 
(p-value = 0.369). Risk factors based on gender 
discovered that the susceptibility to infected COVID-19 
was more likely in males. Females were more likely 
to have positive behavior regarding the prevention 
of COVID-19 than males, like hand hygiene practices 
and seeking preventive care. In contrast, males were 
more likely to have high-risk behavior, such as ignoring 
physical distancing or smoking (Sharma et al., 2020). 
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Table 3. The prevalence of elderly patients confirmed COVID-19 with vs without a ventilator based on gender, age, and total leukocyte 
count in 2021

Characteristics Patients with a 
ventilator

Patients without 
a ventilator

With a ventilator vs 
Without a ventilator

Significance OR
95% confi-

dent interval

Gender
Male 7 (13.2) 46 (86.8)

0.369*
Ref 

1.923 0.640-5.775
Female 9 (22.5) 31 (77.5)

Total 16 (17.2) 77 (82.8)

Age 
(Years 
old)

Age 66 (60-82) 66 (60-88) 0.959** 1.001 0.922-1.086

Productive age

≤64 5 (14.7) 29 (85.3)
0.842* Ref 

0.870
0.221-3.417

>64 11 (18.6) 48 (81.4)

Total 16 (17.2) 77 (82.8)

High-risk age

<70 10 (14.9) 57 (85.1)
0.369*

Ref 
1.497 0.385-5.824

≥70 6 (23.1) 20 (76.9)

Total 16 (17.2) 77 (82.8)

Total leukocyte count 9.920 
(3.760-19.720)

8,750
(3.900-20.880) 0.756** 1.000 1.000-1.000

Low             1 (33.3)            2 (66.7)

1.000*
Ref

0.876 0.441-1.741Normal           12 (82.9) 58 (17.1)

High             3 (15)          17 (85)

Total 16 (17.2) 77 (82.8)
*Chi-square or fisher exact test; **Mann whitney test
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Females have a more robust immune system than 
males, estrogen and the X chromosome in females play 
a positive role in this system. Therefore, females have 
stronger innate and adaptive immune responses than 
males. This results in faster clearance of pathogens 
and greater vaccine efficacy. Another biological factor 
difference could relate to sex differences in Angiotensin-
Converting Enzyme 2 (ACE2) receptors. 

ACE2 plays a role as the gateway for the virus entry 
into the tissue. The density of ACE2 receptors is much 
higher in the testes than in the ovaries. Meanwhile, 
the previous study by Fernandez (2017) found out 
that older women above 55 had significantly higher 
ACE2 activity than women younger than 55 years old, 
with no significant difference in serum ACE2 activity 
between older and younger men. Further, excessive 
ACE2 expression will increase the severity of COVID-19 
(Fernandez-Atucha et al., 2017; Papadopoulos et al., 
2021; Salah and Mehta, 2021; Sharma et al., 2020; Vahidy 
et al., 2021).  

This study presented that the majority of the 
leukocyte count of elderly patients confirmed COVID-19 
was in the normal range. However in the elderly patient 
with a ventilator, we discovered that the leukocyte 
count was more likely above normal than below 
normal with the ratio 1 : 3 for low and high leukocyte 
counts respectively. Several studies unveiled that severe 
COVID-19 tended to have a higher leukocyte count, while 
normal leukocyte count could be discovered in mild 
and moderate COVID-19. Higher leukocyte count can 
indicate prominent developed inflammation (Anurag 
et al., 2020; Gao et al., 2021; Huang et al., 2020). 

The progressive increase in leukocyte count may 
be associated with the progression of inflammatory 
status or Systemic Inflammatory Response to various 
Severe clinical insults (SIRS). SIRS is often defined by 
at least two parameters, including hypothermia or 
hyperthermia; tachycardia, tachypnea, or hypocapnia; 
and leukocytosis, leukopenia, or an increased number 
of immature leukocytes.  Increasing leukocyte count 
was more likely to develop SIRS. In the acute phase, 
procalcitonin, IL-6, and CRP can be released as the 
biomarker of SIRS. Procalcitonin levels can be slightly 
higher in viral infections and significantly increase 
in bacterial, fungal, or parasitic infections. Whereas, 
IL-6 and CRP become a predictor of the severity and 
outcome of SIRS. COVID-19 patients with increased 
leukocyte count reveal the increasing concentration of 
procalcitonin, CRP, and IL-6 in the serum. These results 
indicated that the confirmed COVID-19 patients with 
higher leukocyte count had a significantly higher level 
of systemic inflammation response and at least partially 
related to critical illness outcome (Gao et al., 2021; 
Lohmann and Barton, 2014; Zhao et al., 2020).  

Meanwhile, severe and critical COVID-19 could 
also have leukopenia followed by thrombocytopenia 
and lymphocytopenia, especially CD4+ T and CD8+ 
T, which play a significant role in mediating immune 
response because of the secretion of specific cytokines. 
Cytopenia during infection-related SIRS may result 
from decreased bone marrow production or increased 
destruction. The bone marrow cytopenia (leukopenia 
and thrombocytopenia) may arise due to maturation 
arrest, inadequate bone marrow supply of progenitors, 
or hemophagocytosis. These were identified as 
independent predictors of severe and critical COVID-19 
(Belok et al., 2021; Luckheeram et al., 2012; Yongzhi, 2021).  

Risk factors were identified as the progression of 
COVID-19 into the severe and critical stage. One of the 
risk factors identified in this study was older age or 70 
years old and above. Older age is more likely to have 
comorbidities, weaker immune defense, and higher 
levels of pro-inflammatory cytokines (Gao et al., 2021; 
Gomez-Belda et al., 2021). A meta-analysis by Pijls et al. 
(2020) indicated that demographic factors such as age 
70 years and above appeared to have a 65% higher risk 
for getting infected with COVID-19. When infected, they 
also had a higher risk for severe COVID-19 including the 
need for intensive care (Pijls et al., 2021). 

The limitation of our study includes the data, 
especially comorbidity data of the patients. Additionally, 
this study was focusing on the elderly patients aged 60 
years old and over. The elderly patients tend to have 
the higher risk of comorbidities. This may lead elderly 
patients COVID-19 to become more vulnerable and 
need the professional healthcare treatment.

CONCLUSION

COVID-19 patients may have low, normal or high 
leukocyte count. Leukocyte count may help further in 
following the progression of the disease and help in 
the decision making regarding treatment strategy to 
prevent the cytokine storm. Being able to prioritize 
patients with severe illnesses is crucial. Early diagnosis 
through laboratory assessment can help the susceptible 
patient with severe COVID-19 obtain the proper therapy. 
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