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Abstract 
Introduction: Factors such as comorbidity, age and gender distribution are mostly related to hospitalization, numbers requiring intensive care 
and case fatality rate. In this review, the fatality rate of coronavirus disease 2019 (COVID-19) in different population health background 
according to comorbidity, age, gender distribution, and laboratory prognosis for COVID-19. 
Methodology: The current review was based on the data from copious studies that had homogeneity in relation to the review’s objectives. It 
included the newest studies from December 2019 to September 2020. The epidemiological reasons for the high morbidity and mortality rates 
among COVID-19 patients were analyzed in different countries. 
Results: The highest comorbidity prevalence of COVID-19 was recorded in the United States of America (USA) (93.9%) and Italy (68%). 
Among population health background factors, comorbidity was the most common cause of COVID-19 fatality in the USA. The mean age of 
the most COVID-19 fatalities was more than 60 years old. Most of the studies show that 60% of COVID-19 patients were male. The fatality 
rates for the age group of 80-89 years-old in Korea, China, and Italy were 8.7 %, 14.7 %, and 18.8 % respectively. Lymphocytopenia has been 
observed in 91% of COVID-19 death cases. C - reactive protein had increased in 40-60% of COVID-19 patients. 
Conclusions: Many factors contribute to COVID-19 severity and fatality rates. Comorbidity, age, and gender were the main reasons for the 
Case Fatality Rate. This review recommends to follow preventive measures for overcoming the challenges faced during this emerging pandemic 
disease. 
 
Key words: COVID-19; case fatality rate; epidemiology; immunology; comorbidity. 
 
J Infect Dev Ctries 2021; 15(9):1263-1272. doi:10.3855/jidc.13876 
 
(Received 10 September 2020– Accepted 15 February 2021) 
 
Copyright © 2021 Shakor et al. This is an open-access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
Introduction 

Coronavirus disease 2019 (COVID-19) is a 
pandemic disease that arose as an outbreak in Wuhan 
city of China in December 2019. This pandemic 
outbreak exponentially cause deterioration of the 
economic, medical and public health infrastructure of 
countries around the world [1]. This novel coronavirus 
(2019-nCoV) possibly originated from Bat-SARS-like-
coronaviruses or/and coronavirus isolated from 
Pangolin after the adaptation and evolution in human 
hosts [2]. The epidemiological characteristics of the 
disease have assisted in the controlling and prevention 
of this pandemic disease. Furthermore, different health 
systems, community health and demographic 
conditions have responded to the disease impacts and 
fatalities. 

Several measures have been used to reduce the 
spread of the disease and reduce fatality rate. The most 

important control measures were including border 
control, case identification, and extensive investigation 
of COVID-19, quarantine of suspicious cases, isolation, 
surveillance, active monitoring of contacts, infection 
control measures in hospitals, community education 
and precaution, the distribution and wearing of masks 
[3-6]. Among COVID-19 infected individuals, the 
fatality rate varies across different regions and mainly 
related to the factors which affect the fatality process. 

Epidemiologically, COVID-19 has been mainly 
described by a reproductive number, disease severity, 
incubation period and Case Fatality Rate (CFR) or 
mortality rate. For instance, COVID-19 has been 
mainly characterized by a low CFR and high 
transmitted rate (Reproductive number R0) when 
compared with two predecessors, Severe Acute 
Respiratory Syndrome (SARS) and Middle East 
Respiratory Syndrome (MERS), which had 10 and 40 
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CFR for SARS and MERS respectively [7,8]. Many 
studies confirmed that COVID-19 has a high 
reproductive number (2-5) [8,9] and more extended 
incubation periods (1-14 days) [7,10]. Despite the 
confirming information about COVID-19, there are 
wide disparities related to the burden of COVID-19 
within the countries; therefore, CFR may be related to 
the health policy measures and population health 
background of the communities. For example, 
comorbidity, age and gender distribution are mostly 
related to hospitalization, number of cases which 
requires intensive care, and CFR [2,11]. The main 
comorbidities that associated with COVID-19 were 
hypertension (53.8%), diabetes (42.3%), and Coronary 
Heart Disease (CHD) (19.2) [12,13] and older 
populations such as Italy was also recorded a high CFR, 
10.1 [13]. 

COVID-19 fatality rate is not very high, but this 
high reproductive number of COVID-19 resulted in 
more death cases than other coronavirus diseases. 
Furthermore, a group of Chinese researchers found that 
the basic reproductive number R (0) of COVID-19 was 
2.2 [10,14]. However, the COVID-19 fatality rate was 
low, but this high reproductive number of COVID-19 
resulted in more death cases than SARS, MERS and 
Ebola [7]. Therefore, specific policies were required to 
decrease the death consequences [1,13,15,]. COVID-19 
is considered of a great importance for the healthcare 
sectors [16], and the high incidence the rate of COVID-
19 overburdens the health system and causes more 
CFR. CFR is defined as the number of known death 
cases among the number of confirmed cases [3]. For 
instance, the observed CFR from Hubei (including 
Wuhan city) ranged from 3.5% to 12% [16-19], and 
CFR of COVID-19 in Wuhan city was estimated as the 
highest, 5.25% [10]. Furthermore, case fatality 
proportions were 7-fold higher in Hubei in comparison 
with other regions (2.3) [12,20], and this was mainly 
related to the high health care system capacity for 
management of COVID-19 critical cases [21]. For 
instance, the great demand for medical and intensive 
cares in Hubei resulted in the high CFR of COVID-19 
[3]. 

In the beginning of the diseases spread in Italy, CFR 
of COVID-19 was relatively low as in China (2.3%) but 
after the increase of COVID-19 incidence rate, the CFR 
rate became much higher [21,22]. Moreover, the health 
system capacity in Italy was haphazard due to the rapid 
outbreak, and Intensive Care Unit (ICU) beds were only 
available to less than 6% of cases [3,23,24]. A similar 
outcome was also observed in Iran at the start of the 
outbreak, in which CFR was 2.6; however, some other 

studies have anticipated that such CFR will be increased 
with high incidence rate [25]. In this review, fatality rate 
of COVID-19 in relation to the population health 
background according to comorbidity, age, gender 
distribution, and laboratory prognosis for COVID-19 
patients. In addition, the assessment of immunological 
aspects among COVID-19 fatalities for determination 
of the important indicators that can be used to detect 
severity cases of the disease.  

 
Methodology 

This review aimed to indicate the rate of people who 
infected with COVID-19 or they are in critical 
condition as well as the mortality rate and also the 
factors that are related to morbidity of COVID-19 cases 
were also analyzed. The method of study is a rapid 
review study. Convenient data from other studies were 
retrieved for this review. 487 papers were reviewed in 
the first screening on PubMed and Web of Science, 60 
papers were used in this study. The main keywords have 
been used to searching papers were COVID 19, CFR, 
COVID-19 mortalities rate, and epidemiology of 
COVID-19. This study was aimed to find the 
epidemiological factors which highly contributed in the 
morbidity and mortality rates of COVID-19. Fatality 
rates were assessed by using the epidemiological data 
and laboratory findings of COVID-19. Data were 
arranged into two different tables, which describe 
epidemiological factors and laboratories description 
that involved in COVID-19 fatalities. The main 
epidemiological factors which have been recorded for 
COVID-19 fatalities include gender, age, and 
comorbidity. The laboratory assessment related to 
lymphocytes, leukocytes, C-reactive protein (CRP), 
Erythrocyte Sedimentation Rate (ESR), Lactate 
Dehydrogenase (LDH) and platelet counts were also 
analyzed. 

 
Results 
Epidemiological Assessment of COVID-19 Fatalities 

The collected data on the epidemiological 
assessment of COVID-19 fatality in (Table 1) 
illustrated that the fatality rate among infected patients 
with COVID-19 is associated with comorbidity. For 
instance, the highest comorbidity prevalence was 
recorded in the USA and Italy, where was 93.9 and 
68%, respectively. Hypertension is considered as the 
highest comorbidity factor among patients associated 
with COVID-19 in most of countries and ranged from 
11.9% - 67.3%. Furthermore, the comorbidity 
significantly contributed to the severity and fatality rate 
of COVID-19 cases. Moreover, COVID-19 severity 
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rate was slightly higher among cancer patients than 
diabetic patients; the severity rates were 53% and 45%, 
respectively. The percentage of patients who requiring 
ICU varied from 5% to 43.5 %, in which CHD was 
considered as the most common comorbidity associated 
factor in ICU. North Korea had a lower CFR, 0.5%. 
Cardiovascular Disease (CVD) had the highest odds 
ratio (3.42) from which 49% of the critical cases died. 
Besides, being male was associated with a high 
incidence of COVID-19. Most of the studies have 
revealed that 60% of infected patients were male, while 
in a study in Italy showed that 82 % of cases were male. 
The male to female fatality odds ratio was 3.4. 
Moreover, these findings have revealed that age has an 
effect on the ICU admission, severity, and fatality rate 
of COVID-19. The mean age of COVID-19 was 60 
years old, and each 5-year increase was associated with 
a 20% greater risk of death. The fatality rate for the age 
group of 80-89 years in South Korea, China, and Italy 
was 8.7%, 14.7%, and 18.8% respectively. 

 
Immunological Assessment of COVID-19 Fatalities 

The data on the immunological assessment of 
COVID-19 fatality in (Table 2) revealed that 

immunological cells and inflammatory proteins are the 
leading indicators for the severity of COVID-19. 
Firstly, lymphocyte count is considered as the main 
predictor of the prognosis and severity in COVID-19 
cases. Furthermore, lymphocytopenia was observed in 
91% of COVID-19 death cases, and also 
lymphocytopenia in 50-82% of COVID-19 infected 
patients. Moreover, white blood cell (WBC) count was 
significantly raised in COVID -19 patients, and it was 
statistically higher among the severe male patients and 
those who died from COVID-19. For instance, WBC 
count was 9.8-10.2 ×109/L in fatal cases. The increase 
of WBC and especially neutrophils was associated with 
heart injury. Also, the high increase of pro-
inflammatory indicators was mainly found in COVID-
19, and it was significantly higher among the fatal 
cases. Consequently, the raised pro-inflammatory 
proteins lead to heart injury and increase the 
hypersensitive cardiac troponin I level, pg/mL (≤ 15.6). 
CRP had increased by 40- 60% in COVID-19 cases, and 
it was markedly increased (82%) among COVID-19 
cases who suffer from cancer. For platelets count, there 
was a low significant decrease in infected patients and 
fatal cases and less than 156 ×109/L. 

 
Table 1. Epidemiological assessments of COVID-19 cases and fatality rate in different countries of the world. 

References Place Study Design Severe 
Cases 

ICU  
Cases CR CFR Gender Age/ CFR 

Li H. [31] Wuhan Retrospective  cohort study 53.6% 35.7% CVD: 14% 28.6% M: 60% 65 year 
 n = 28 cancer patient   DM: 14%    

Li LQ [26] Wuhan Meta-analysis ------ ------ ------ 7% M: 60% > 60 year 

Yu L. [27] 

Tibetan Case-Control study ------ ------ HTN: 39:6% CHD: 4.2% ------ > 60 year 
 n = 94 death reported   DM: 26.2% CNS =  2.9%   
    CHD:14.5% COPD: 2.6%   
     Renal failure: 2.3%   
     HTN = 1.4%   
     DM: 1.1%   

Yu L. [28] 

Tibetan Cross sectional study ------ ------ CD: 29.9% 10% ------ Mean age: 44 
 n = 94 death reported   HTN:11.9%    
    DM: 5.9%    
    CVD: 4.4%    

Wu C. [29] 
China Retrospective cohort study ------ 43.5% HTN: 20% Cardiac issue: 55% M: 63% ------ 

 n = 188 patients   DM: 10% CNS =  2.9%   
    Smoking: 6.5% COPD: 2.6%   

Fei Z. [30] 

Wuhan Retro-Cohort study ------ 26% CR: 48% 28.3% M:62% ------ 
 n = 191 patients   HTN: 31%    
    DM: 19%    
    CVD: 8%    
    COPD: 3%    

Li H. [31] China Cross sectional study ------ ------ ------ 1.4% ------ > 40:0.01     > 
90: 0.48 

 n = 5319 patients       

Jain V. [32] Wuhan Meta-Analysis study ------ ------ COPD: 4.5% 6.8% M rate: 67.2% Mean age: 62.4 
 n =1813 patients       

Rubino S. [23] 

Italy Cross sectional study ------ ------ ------ 6.8% M: 8.1% 60-69: 3.2% 
 n = 94 death reported     F: 5.0% 70-79: 11.8% 
       80-89: 18.8% 
       ≥ 90: 21.6% 

Jian-Min J. [34] 

 Case series study ------ ------ HTN: 23% 0.5% M: 70% ≥ 65 
 n = 1056 patients   DM: 11.6%   Death: 83.8% 

    CVD: 9%   Survivor: 
13.2% 
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Table 1 (continued). Epidemiological assessments of COVID-19 cases and fatality rate in different countries of the world. 
References Place Study Design Severe 

Cases 
ICU  

Cases CR CFR Gender Age/ CFR 

Yang J. [35] 

Wuhan Meta-analysis study ------ ------ HTN:17% HTN: 2.36% ------ > 60 year 
 n = 46248 patients   DM: 8% RD: 2.46%   
    CVD: 5% CVD: 3.42%   
    RD: 2%    

Nasiri M. [36] 

Tehran Meta-analysis study ------ ------ HTN: 18.5% 6.6% OR:3.4 ------ 
    CVD:14.9%    
    DM: 10.8%    
    Hepatic: 8.1%    
    Smoking: 8%    

Russell T. [37] 

Diamond 
Princess Cross sectional study ------ ------ ------ 2.3% ------ 50-59: 1.3% 

 n = 619 patients    CNS =  2.9%  60-69: 3.6% 
     COPD: 2.6%  70-79: 8% 
     Renal failure: 2.3%  80-90: 14.8% 

Zhang Y. [38] 

Wuhan Cohort-study 45.0% 21.3% HTN: 47.3% 11% M: 53.5% Median age: 64 
 n = 321 patients   CVD: 14.9%    
    CNS: 4.4%    

    Renal failure: 
3.7%    

Guan W. [39] 

China Cross sectional study 15.7% 5% CR: 23.7% 1.4% M: 58.1% Median age: 47 
 n =1099 patients   HTN: 15 %    
    DM: 7.4 %    
    CHD: 2.5 %    

Chen T. [40] Wuhan Retrospective case 
series ------ ------ HTN: 48% ------ M: 73% Median age: 68 

 n = 1073 patients   DM: 26.2% CNS =  2.9%   

Zhang G. [41] 
Wuhan Retrospective study ------ 93% ------ ------ M: 26.2% < 40: 41.7% 

 n = 95 patients     F: 26.2% 40-60: 27.8% 
       > 60: 41.2% 

Wu Z. [42] 

China Retrospective study 14% 5% ------ ICU: 49% ------ 70 - 79: 8.0% 
 n = 44 672 patients    CVD: 10.5%  ≥ 80: 14.8% 
     DM: 7.5%   
     COPD: 6.3%   
     HTN = 6%   
     Cancer: 5.6%   

KSID [43] 

South 
Korea Retrospective study ------ ------ ------ 0.5% M: 59.1% Median age: 63 

 n = 4,212 patients      60-69: 1.1% 
       70-79: 3.1% 
       80-90: 8.7% 

Grasselli G. [44] 

Italy Retrospective case 
series ------ ------ HTN: 49% 26% M: 82% Median age: 63 

 n = 1591 patients   CVD: 21%    
    Lipidemia:18%    
    DM: 17    
    Cancer: 8%    

Barrasa H. [45] 

Spain Retrospective case 
series ------ ------ HTN = 44% 13% M: 56% Mean age: 67 

 n = 45 patients   COPD: 38%    
    DM: 19%    
    Cardiac: 10%    

Richardson S. 
[46] 

USA Case series study ------ 6.5 % CR: 93.9% 9% M: 60.3% Mean age: 63 
 n = 5700 patients   HTN: 56.6%    
    CVD: 18%    
    DM: 33.8%    
    Obesity:19%    
    Cancer: 6%    

McMichael T. 
[47] 

USA Retrospective case 
series 39.5% ------ HTN = 67.3% 33.7% M: 33% Mean age: 72 

 n = 167 patients   CVD: 60.4%    
    Renal failure: 40    
    DM: 31.8%    
    RD: 31.7%    
    Obesity :30 %    
    Cancer: 14 %    

CFR: case fatality rate; HR: hazard ratio; OD: odd ration; M: male; F: female; comorbidity rate: CR; chronic disease: CD; HTN: hypertension; DM: Diabetic 
mellitus; CVD: cardiovascular diseases; COPD: Chronic obstructive pulmonary disease; respiratory disease: RD; CNS: central nervous system; ICU: intensive 
care unit. 
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Table 2. Immunological assessments of COVID-19 cases and fatality rate in different countries of the world. 
References Place Study Design Lymphocyte count WBC and ESR CRP Platelets count Fatality 

Rate 

Zhang L. [25] 
Wuhan Retrospective  

cohort study Lymphopenia: 82% ↑ ESR (57%) ↑ CPT:82% ------ 28.6% 

 n= 28 patients   ↑ LDH: 50%   
    ↑ D-Dimer: 39.3%   

Li LQ [32] 
Wuhan Meta-analysis Lymphocytopenia: 

64 ------ ↑ CRP: 44.3% ------ 7% 

  Leukocytopenia: 
29.4%  ↑ LDH 28.3%   

Yu L. [28] 

Tibetan Cross sectional 
study 

Symptomatic: 
1.6±0.5×109/L Normal WBC Pre-albumin level Symptomatic:149.3 28.6% 

 n= 67 patients Asymptomatic: 
1.3±0.6×109/L 

Symptomatic: 
5.5±1.4 Symptomatic: 1.6±0.5 Asymptomatic:153.5  

   Asymptomatic: 
6.3±2 Asymptomatic:1.3±0.6   

Wu C. [29] China Retrospective  
cohort study 

↓ lymphocytes and 
monocytes 

↑ WBC and 
neutrophil ↑ IL-6 and CRP ------ 55% 

Fei Z. [30] 
Wuhan Retro-Cohort 

study 
Non-survivor: 

0.6×109/L WBC (×109/L) ↑ LDH Non-survivor: 165·5 28.6% 

  Survivor: 1.1×109/L ↑ WBC ↑ D-dimer Survivor: 220·0  
    ↑ IL-6   

Jian-Min J. 
[34] 

------ Case series study 1.0±0.4×109/L WBC: 6.8±2.2 LDH: 369.4±132.7 225.2 0.5% 

 n:43 patients Leukocytopenia: 
29.4% M: 7.7±2.3 ↑ LDH 28.3%   

Nasiri M. [36] 
Tehran Meta-analysis Lymphopenia: 50% ↑ ESR: 79% ↑ CRP: 72% 11.1% 6.6% 

 n = 94 death 
reported 

Leukocytopenia: 
29.4% ------ ↑ LDH: 41%   

Zhang Y. [38] 

Wuhan Cohort-study Lymphocytes: 
1.01×109/L WBC: 5.64×109/L CRP: 30.75 36.75 11% 

  Neutrophil: 
3.92×109/L  LDH: 268.5   

    D-Dimer : 0.56   

Guan WJ [39] 

China Cross sectional 
study 

Lymphocytopenia: 
83.2% 

WBC Per/mm3: 
4700 ↑ CRP: 60% Per/mm3: 168000 

thrombocytopenia 1.4% 

  Neutrophil: 
3.92×109/L 

Leukopenia: 
33.7% ↑ LDH: 41%   

    D-dimer: 46.4%   

Chen T. [40] 
Wuhan Retrospective case 

series In death: 91% Death: 10.2×109/L Death case: 564.5 LDH Death: 156×109/L ------ 

 n: 1073 patients In recovery: 47% Recovery: 
5.0×109/L Recovery case: 268 Recovery:198×109/L  

Zhang G. [41] 

Wuhan Retrospective 
study <0.4* 109/L WBC: ≤ 10 * 

109/L CRP level: <10 mg/L 11.6% ------ 

 n: 95 patients Neutrophil: 
3.92×109/L 

Neutrophil: ≤7 * 
109/L LDH <245 U/L   

    D-dimer level: 33.6%   

Tan L. [48] 
China Retrospective case 

series Severe cases: < 20% Death: 10.2×109/L Death case: 564.5 LDH Death: 156×109/L  

 n: 92 patients Moderate case: > 
20% 

Recovery: 
5.0×109/L Recovery case: 268 Recovery:198×109/L  

Richardson S. 
[46] 

USA Case series study 0.88 ×109/L WBC: 7.0×109/L CRP: 13.0 ------ 9% 

 n: 5700 patients Neutrophil: 
3.92×109/L 

Neutrophil: 
5.3×109/L LDH: 404.0   

    D-dimer: 438   
WBC: white blood cell; LDH: Lactate dehydrogenase; CRP: C-reaction protein; ↓: decease and ↑: increase. 
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Discussion 
Epidemiological Analysis of COVID-19 Fatality Rate 

The present review was based on data from the 
copious studies that had homogeneity to the review’s 
objectives. It included the newest studies from 
December 2019 to April 2020. In this review, 
epidemiological factors were analyzed for high 
morbidity and mortality rates among COVID-19 
patients. Furthermore, the fatality rate of COVID-19 
and its relation to the confounding effects of age, 
gender, other comorbidities, and immunological 
conditions of COVID-19 patients were analyzed. The 
mortality rate of COVID-19 is more related to chronic 
conditions among COVID-19 patients such as 
hypertension, diabetes and long-term therapy of cancer 
patients. The death rate is high among patients who are 
treated with high blood pressure medication. This may 
due to using the receptor, angiotensin-converting 
enzyme 2 (ACE2) by the virus and it is also a target for 
the hypertension medication. The death rate among 
cancer patients may also be related to using 
immunosuppressant medicines that lead to immune 
deficiency.  

In Germany, the cases of COVID-19 have more 
comorbidities in comparison with China, and the 
proportions were (70% - 77%) and (20% - 51%), 
respectively [15]. Furthermore, another study in China 
has illustrated that 14% of COVID-19 cases were 
severe and caused pneumonia, from which about 5% of 
patients had the acute disease in the ICU [7,20]. 
Regarding the disease severity, another study in China 
illustrates that about 80% of COVID-19 cases had a 
mild to moderate stage of the disease with symptoms of 
fever and dry cough, 13.8% of them had severe 
symptoms, and 6.1% had life-threatening episodes of 
respiratory failure, septic shock, or organ failure. 
Moreover, an investigation has shown that 50 - 70% of 
COVID-19 cases were asymptomatic at the time of 
diagnosis [9]. A review has elucidated that about 20.3% 
of hospitalized patients who requires ICU, 13.9% of 
them were fatal cases, 32.8% had Acute Respiratory 
Distress Syndrome (ARDS), 6.2% with shock [50]. 
Low severity of cases have been observed in Italy; for 
instance, almost (9 -11%) of COVID-19 cases were 
admitted into the ICU [51]. It can be summarized that 
the death is obvious in those patients who are infected 
severely by COVID-19 and more common among those 
people who suffer from chronic disease conditions. 
Moreover, the result of the death is more related to the 
respiratory failure, septic shock, and/or other organ 
failures. 

It is observed that the CFR of COVID-19 is high 
and may be more related to the prospective 
comorbidities among the infected patients [21,52]. The 
current review has found that the mortality of COVID-
19 is almost associated with comorbidity among the 
patients who infected with COVID-19. The highest rate 
of comorbidity was observed in developed countries, 
such as USA and Italy, and was 93.9 and 68%, 
respectively. Chronic infections can be counted as an 
enhancing factor for comorbidity, in which 
hypertension recorded the most dominant reason than 
other comorbidities. In addition, comorbidity had an 
impact on both severity and fatality rate and particularly 
in the USA and Italy. Moreover, most of the COVID-
19 severe cases were observed among cancer and 
diabetic patients, with 53% and 45%, respectively. In 
addition, the ICU requirement rate was ranged from 5% 
to 43.5 %, in which most of the cases were related to 
CVD comorbidity, and CVD odd ratio for CFR was 
highest 3.42 among other comorbidities. However, a 
low CFR (0.5%) of COVID-19 cases was observed in 
the Republic of South Korea and the correlation 
between comorbidities and COVID-19 CFR has been 
measured in the study using the Odds Ratio (OR), and 
it showed that there is a positive association between 
the presence of comorbidities and COVID-19 CFR (OR 
= 1.709) [53]. 

The age factor is also vital in the detection of 
fatalities among COVID-19 cases and it varies between 
the countries. For instance, Italy is one of the countries 
with a large number of older people; 23.3% of its 
population is more than 65 years old, but in China, this 
age group is around 12% [21,34]. Furthermore, the CFR 
of COVID-19 cases was significantly high in the age of 
80 years (21.9%) [50]. However, the CFR of COVID-
19 cases among Chinese population with age group less 
than 30 years and more than 59 years was 0.6 and 5.1, 
respectively [51]. For determining the correlation of age 
with CFR of COVID-19, a multivariate regression 
analysis has been measured which indicated that age 
factor with (OR = 1.038) was considered as the risk 
factor of the severity of COVID-19 death [52]. In South 
Korea and Australia, the most affected patients were 
aged in the 20s and 50s year [27], and CFR is 
significantly increased with older age group. For 
example, CFR was 1.2 and 0.2 young age group (< 50 
years) and old age group (≥ 50 years) respectively [53]. 

Moreover, almost all patients aged more than 65 
years usually require ICU admission [54]. The current 
review has illustrated that age factor is significantly 
contributed to ICU admission, severity and fatality rate; 
and among the older age group; for each 5-year-
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increase, there was a positive association with 20% risk 
of fatality. While, there was a slight variation in CFR 
for the age group of 80-89 years in Korea, China and 
Italy, which were, 8.7%, 14.7% and 18.8%, 
respectively. 

The fatality rate of COVID-19 was higher among 
males rather than females, and the reason behind this 
difference is still unknown [55] but smoking and 
severity of comorbidities are higher among the males 
than females [37]. Moreover, the presence of X 
chromosome and sex hormones on the innate and 
adaptive immunities may have more protection role to 
females against viral infection [27,56,58]. Furthermore, 
due to the high level of circulating ACE2 levels in 
males; therefore, they are more at risk for COVID-19 
because of SARS-CoV-2 attacks the respiratory cells 
through ACE2 receptors. These reasons may have an 
effect on male to have the higher mortality rate among 
patients with COVID-19 [35]. The current review 
revealed that the male patients are almost associated 
with the high incidence of COVID-19, from which 60% 
of COVID-19 infected patients were male, and in Italy, 
the male rate was even higher (82 %), and the male to 
female fatality odd ratio was 3.4. 

 
Immunological Description of COVID-19 Fatalities 

In the current review, it has been shown that there 
is a relation between immunological cells and pro-
inflammatory proteins and COVID-19 severity rate. For 
instance, lymphocyte count has indicated the severity 
and prognosis of COVID-19. Lymphocytopenia has 
also been observed in 91% of COVID-19 death cases, 
and 50-82 % of COVID-19 patients. Furthermore, 
WBC count was significantly higher in COVID -19 
patients, and particularly in severe patients who were 
mostly male, and in fatal cases. WBC count was 9.8-
10.2 ×109/L in dead patients, and the increased number 
of WBC and especially neutrophils may induce heart 
injury and pro-inflammatory proteins and lead to heart 
injury and increase the hypersensitive cardiac troponin 
I level. Moreover, CRP had increased in 40-60% of 
COVID-19 patients, and particularly among those who 
have cancer, 82%. The low platelet counts (less than 
156 ×109/L) contributed to increase the fatality rate of 
COVID-19. A low ability of the immune system is 
observed among COVID-19 patients, and this may be 
due to that the numbers of WBC, lymphocytes, and 
platelets in COVID-19 are lower than the standard 
ranges [43,57]. Also, the inflammatory process is also 
initiated by the increased CRP and D-dimer level, and 
this aggravation process continues by the release of the 
cytokine storm including interleukins (IL1B, IL1RA, 

IL7, IL8) [55-58]. The increased pro-inflammatory 
cytokines rate may cause a tissue injury in the heart, 
liver and kidney, and consequently results in fatal 
outcome among server and critical cases of COVID-19 
[30]. 

The immune system is considered as the most 
intrinsic body responses to infectious diseases, but it is 
highly variable among individuals and communities. In 
this review, the analysis and determination of these 
immuno-response variability and their relationship to 
the fatality process in different communities and region 
have been reviewed. Until now, there is not enough 
investigation into the immunological process of 
COVID 19 in European countries. Therefore, this 
review has a limitation related to the analysis of the 
immunological causes of COVID 19 fatalities among 
different countries. 

 
Conclusions 

COVID-19-is a new respiratory disease that has 
spread throughout the world. The disease can cause 
death in some patients who infected severely with 
COVID-19. Fatality of COVID-19 is more common 
among the older age patients and who suffer from 
chronic diseases. In general, many factors may 
contribute to the severity and fatality rates of COVID-
19 such as comorbidity, age, and gender. The highest 
rate of comorbidity prevalence was observed in 
developed countries such as the USA and Italy. The 
mean age of the most COVID-19 fatalities was more 
than 60 years old. Gender may has a role in comorbidity 
and mortality and it is more observed among male 
patients. In the USA, comorbidity is the most counted 
cause of death among COVID-19 cases. In respect to 
immunological aspects, lymphocytopenia was observed 
in most of the death cases; therefore, it is counted as one 
of the factors that increase the mortality rate among 
COVID-19 cases. This review recommends to follow 
the preventive measures for overcoming the challenges 
that faced during this emerging pandemic disease. 

 
 
Acknowledgements 
We acknowledge the presidency of Sulaimani Polytechnic 
University and especially Assistant Professor Dr Alan 
Faraydoon Ali for his great help and academic support to 
performing this research and thanks for College of Nursing, 
University of Raparin. Also, we would like to appreciate 
Mam Humanitarian Foundation for their financial and 
logistic supports. 
 
 



Shakor et al. – Emerging of pandemic 2019-novel Coronavirus     J Infect Dev Ctries 2021; 15(9):1263-1272. 

1270 

References 
1 Contini C, Di Nuzzo M, Barp N, Bonazza A, De Giorgio R, 

Tognon M, Rubino S (2020) The novel zoonotic COVID-19 
pandemic: An expected global health concern. J Infect Dev 
Ctries 14: 254-264. doi: 10.3855/jidc.12671. 

2. Ali S, Hama-Soor T, Babakir-Mina M, Dimonte S, Greco F 
(2020) Is it scaly anteater or bat a real origin of the 2019-novel 
CoV: a probable hypothesis? KJAR 5: 1–12. 

3. Manuel B, Richard K, Sarah TS, Hans HH, Andreas FW, 
Richard AN (2020) 2019-Novel Coronavirus (2019-NCOV): 
estimating the case fatality rate–A word of caution. Swiss Med 
Wkly 150: w20203. 

4. Agyeman AA, Laar A, Ofori‐Asenso R (2020) Will COVID‐
19 be a litmus test for post‐Ebola sub‐Saharan Africa? J Med 
Virol 92: 1373–1375. 

5. Yixiang Ng, Zongbin Li, Yi XC, Wei LC, Zheng Z, Benjamin 
Er, Rachael P, Calvin JC, David CL, Derrick H, Vernon JL 
(2020) Evaluation of the effectiveness of surveillance and 
containment measures for the first 100 patients with COVID-
19 in Singapore--January 2–February 29, 2020. MMWR 69: 
307-311. 

6. Chen J (2020) Pathogenicity and transmissibility of 2019-
nCoV—a quick overview and comparison with other emerging 
viruses. Microbes Infect 22: 69-71. 

7. Mahase E (2020) Coronavirus: COVID-19 has killed more 
people than SARS, and MERS combined, despite lower case 
fatality rate. BMJ 368: m641. 

8. Yu P, Zhu J, Zhang Z, Han Y (2020) A familial cluster of 
infection associated with the 2019 novel coronavirus indicating 
possible person-to-person transmission during the incubation 
period. J Infect Dis. 221: 1757-1761. doi: 
10.1093/infdis/jiaa077. 

9. Gostic K, Gomez ACR, Mummah RO, Kucharski AJ, Lloyd-
Smith JO (2020) Estimated effectiveness of symptom and risk 
screening to prevent the spread of COVID-19. Elife 9: e55570. 

10. Jung SM, Akhmetzhanov AR, Hayashi K, Linton NM, Yang 
Y, Yuan B, Kobayashi T, Kinoshita R, Nishiura H (2020) Real-
time estimation of the risk of death from novel coronavirus 
(COVID-19) infection: inference using exported cases. J Clin. 
Med. 9: 523. 

11. Yang S, Cao P, Du P, Wu Z, Zhuang Z, Yang L, Yu X, Zhou 
Q, Feng X, Wang X, Li W, Liu E, Chen J, Chen Y, He D (2020) 
Early estimation of the case fatality rate of COVID-19 in 
mainland China: a data-driven analysis. Ann Transl Med 8: 
128. 

12. Deng S-Q, Peng H-J (2020) Characteristics of and public health 
responses to the coronavirus disease 2019 outbreak in China. J 
Clin Med 9: 575. 

13. Lee CCM, Thampi S, Lewin B, Lim TJD, Rippin B, Wong 
WH, Agrawal RV (2020) Battling COVID‐19: critical care and 
peri‐operative healthcare resource management strategies in a 
tertiary academic medical centre in Singapore. Anaesthesia.75: 
861-871. 

14. Special Expert Group for Control of the Epidemic of Novel 
Coronavirus Pneumonia of the Chinese Preventive Medicine 
Association (2020) An update on the epidemiological 
characteristics of novel coronavirus pneumonia (COVID-19). 
Zhonghua Liu Xing Bing Xue Za Zhi 41: 139-144. [Article in 
Chinese] 

15. Tolksdorf K, Buda S, Schuler E, Wieler LH, Haas W (2020) 
Influenza-associated pneumonia as reference to assess the 
seriousness of coronavirus disease (COVID-19). Euro Surveill 
25: 2000258. 

16. Wilson N, Kvalsvig A, Barnard LT, Baker MG (2020) Case-
fatality risk estimates for COVID-19 calculated by using a lag 
time for fatality. Emerg Infect Dis.26: 1339-1441. 

17. Mi YN, Huang TT, Zhang JX, Qin Q, Gong YX, Liu SY, Xue 
HM, Ning CH, Cao L, Cao YX (2020). Estimating the instant 
case fatality rate of COVID-19 in China. Int J Infect Dis 97: 1-
6. 

18. Guarner J (2020) Three emerging coronaviruses in two 
decades: the story of SARS, MERS, and now COVID-19. Am 
J Clin Pathol 153: 420-421. 

19. Epidemiology Working Group for NCIP Epidemic Response, 
Chinese Center for Disease Control and Prevention (2020) The 
epidemiological characteristics of an outbreak of 2019 novel 
coronavirus diseases (COVID-19) in China. Zhonghua Liu 
Xing Bing Xue Za Zhi. 41: 145-151. [Article in Chinese] 

20. Murthy S, Gomersall CD, Fowler RA (2020) Care for 
Critically Ill Patients with COVID-19. JAMA 323: 1499–1500. 

21. Porcheddu R, Serra C, Kelvin D, Kelvin N, Rubino S (2020) 
Similarity in case fatality rates (CFR) of COVID-19/SARS-
COV-2 in Italy and China. J Infect Dev Ctries 14: 125–128. 
doi: 10.3855/jidc.12600. 

22. Kinross P, Suetens C, Dias JG, Alexakis L, Wijermans A, 
Colzani E, Monnet DL (2020) Rapidly increasing cumulative 
incidence of coronavirus disease (COVID-19) in the European 
Union/European Economic Area and the United Kingdom, 
january 1 to march 15 2020. Euro Surveill 25: 2000285. 

23. Rubino S, Kelvin N, Bermejo-Martin JF, Kelvin D (2020) As 
COVID-19 cases, deaths and fatality rates surge in Italy, 
underlying causes require investigation. J Infect Dev Ctries 14: 
265–267. doi: 10.3855/jidc.12734. 

24. COVID-19 National Incident Room Surveillance Team (2020) 
COVID-19, Australia: epidemiology report 6 (reporting week 
ending 19:00 AEDT 7 march 2020). Commun Dis Intell (2018) 
44. 

25.  Zhang L, Zhu F, Xie L, Wang C, Wang J, Chen R, Jia P, Guan 
HQ, Peng L, Chen Y, Peng P, Zhang P, Chu Q, Shen Q, Wang 
Y, Xu SY, Zhao JP, Zhou M (2020) Clinical characteristics of 
COVID-19-infected cancer patients: a retrospective case study 
in three hospitals within Wuhan, China. Ann Oncol 31: 894-
901. 

26.  Li LQ, Huang T, Wang YQ, Wang ZP, Liang Y, Huang TB, 
Zhang HY, Sun W, Wang Y (2020) COVID-19 patients' 
clinical characteristics, discharge rate, and fatality rate of meta-
analysis. J Med Virol 92: 577-583. 

27.  Gu T, Chu Q, Yu Z, Fa B, Li A, Xu L, Wu R, He Y (2020) 
History of coronary heart disease increases the mortality rate 
of Coronavirus disease 2019 (COVID-19) patients: a nested 
case-control study based on publicly reported confirmed cases 
in mainland China. BMJ Open 10: e038976. 

28.  Yu Lei, Xiaobo Hu, Bamu Si, YunPing L, Jianli Lu, Fan Z 
(2020) Clinical features of imported cases of coronavirus 
disease 2019 in Tibetan patients in the Plateau area. MedRxiv 
preprint 2020.03.09.20033126. 

29. Wu C, Hu X, Song J, Du C, Xu J, Dong Y, Dechang Ch, Ming 
Zh, Jinjun J, Weining X, Ke L, Yuye Zh, Guohua S, Lei X, 
Yuanlin, Xin Zh, Ming W, Junhua Z (2020) Heart injury signs 
are associated with higher and earlier mortality in coronavirus 
disease 2019 (COVID-19). MedRxiv preprint 
2020.02.26.20028589. 

30. Fei Zh, Ting Yu, Ronghui Du, Guohui F, Ying Li, Zhibo Li, 
Jie Xi, Yeming W, Bin S, Xiaoying G, Lulu G, Yuan W, Hui 
Li, Xudong Wu, Jiuyang Xu, Shengjin Tu, Yi Zhang, Hua Ch, 
Bin C (2020) Clinical course and risk factors for mortality of 



Shakor et al. – Emerging of pandemic 2019-novel Coronavirus     J Infect Dev Ctries 2021; 15(9):1263-1272. 

1271 

adult inpatients with COVID-19 in Wuhan, China: a 
retrospective cohort study. Lancet 395: 1054–62. 

31.  Li H, Wang S, Zhong F, Bao W, Li Y, Liu L, Wang H, He Y 
(2020) Age-dependent risks of incidence and mortality of 
COVID-19 in Hubei province and other parts of China. Front 
Med (Lausanne) 7: 190. 

32. Jain V, Yuan JM (2020) Predictive symptoms and 
comorbidities for severe COVID-19 and intensive care unit 
admission: a systematic review and meta-analysis. Int J Public 
Health 65, 533–546. 

33. Dowd JB, Andriano L, Brazel DM, Rotondi V, Block P, Ding 
X, Liu Y, Mills MC (2020) Demographic science aids in 
understanding the spread and fatality rates of COVID-19. Proc 
Natl Acad Sci USA 117: 9696-9698. 

34. Jian-Min J, Bai P, He W, Wu F, Liu XF, Han DM, Liu S and 
Yang JK (2020) Gender differences in patients with COVID-
19: focus on severity and mortality. Front Public Health 8: 152. 

35. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, Ji R, Wang H, 
Wang Y, Zhou Y (2020) Prevalence of comorbidities and its 
effects in coronavirus disease 2019 patient: a systematic review 
and meta-analysis. Int J Infect Dis 94: 91–95. 

36. Nasiri MJ, Haddadi S, Tahvildari A, Farsi Y, Arbabi M, 
Hasanzadeh S, Jamshidi P, Murthi M, Mirsaeidi M (2020) 
COVID-19 clinical characteristics, and sex-specific risk of 
mortality: systematic review and meta-analysis. Front Med 
(Lausanne) 7: 459. 

37. Russell TW, Hellewell J, Jarvis CI, van Zandvoort K, Abbott 
S, Ratnayake R, Cmmid Covid-Working Group, Flasche S, 
Eggo RM, Edmunds WJ, Kucharski AJ (2020) Estimating the 
infection and case fatality ratio for coronavirus disease 
(COVID-19) using age-adjusted data from the outbreak on the 
Diamond Princess cruise ship, February 2020. Euro Surveill. 
25: 2000256. 

38. Zhang Y, Yanhui C, Minxue Sh, Jianchu Zh, Ben L, Minhui D, 
Linli Ch, Duoduo H, Yifei F, Yanjun Z, Wen Li, Fengyu L, Li 
S, Chen X, Pan P (2020) Comorbid diabetes mellitus was 
associated with poorer prognosis in patients with COVID-19: 
a retrospective cohort study. MedRxiv preprint 
2020.03.24.20042358. 

39. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, 
Shan H, Lei CL, Hui DSC, Du B, Li LJ, Zeng G, Yuen KY, 
Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li SY, Wang 
JL, Liang ZJ, Peng YX, Wei L, Liu Y, Hu YH, Peng P, Wang 
JM, Liu JY, Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, 
Zhu SY, Zhong NS, China Medical Treatment Expert Group 
for Covid-19 (2020) Clinical characteristics of Coronavirus 
disease 2019 in China. N Engl J Med 382: 1708-1720. 

40. Chen T, Wu D, Chen H, Yan W, Yang D (2020) Clinical 
characteristics of 113 deceased patients with coronavirus 
disease 2019: retrospective study. BMJ 368: m1091. 

41. Zhang G, Zhang J, Wang B, Zhu X, Wang Q, Qiu S (2020) 
Analysis of clinical characteristics and laboratory findings of 
95 cases of 2019 novel coronavirus pneumonia in Wuhan, 
China: a retrospective analysis. Respir Res 21: 74. 

42. Wu Z, McGoogan JM (2020) Characteristics of and important 
lessons from the coronavirus disease 2019 (COVID-19) 
outbreak in China: summary of a report of 72 314 cases from 
the Chinese Center for Disease Control and Prevention. JAMA 
323: 1239–1242. 

43. Korean Society of Infectious Diseases, Korean Society of 
Pediatric Infectious Diseases, Korean Society of 
Epidemiology, Korean Society for Antimicrobial Therapy, 
Korean Society for Healthcare-associated Infection Control 

and Prevention, Korea Centers for Disease Control and 
Prevention (2020) Report on the epidemiological features of 
Coronavirus disease 2019 (COVID-19) outbreak in the 
Republic of Korea from January 19 to march 2, 2020. J Korean 
Med Sci 35 :e112. 

44. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, 
Antonio C, Danilo C, Antonio C, Giuseppe F, Roberto F, 
Giorgio I, Luca L Stefano M, Giuseppe N, Alessandra P, Marco 
V, Anna Mara S, Enrico S, Maurizio C (2020) Baseline 
characteristics and outcomes of 1591 patients infected with 
SARS-CoV-2 admitted to ICUs of the Lombardy region, Italy. 
JAMA 323: 1574-1581 

45. Barrasa H, Rello J, Tejada S, Martín A, Balziskueta G, Vinuesa 
C, Fernández-Miret B, Villagra A, Vallejo A, San Sebastián A, 
Cabañes S, Iribarren S, Fonseca F, Maynar J, Alava COVID-
19 Study Investigators (2020) SARS-CoV-2 in Spanish 
intensive care: early experience with 15-day survival in 
Vitoria. Anaesth Crit Care Pain Med 39: 553-561. 

46. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, 
McGinn T, Davidson KW, Becker LB, Chelico JD, Cohen SL, 
Cookingham J, Coppa K, Diefenbach MA, Dominello AJ, 
Duer-Hefele J, Falzon L, Gitlin J, Hajizadeh N, Harvin TG, 
Hirschwerk DA, Kim EJ, Kozel ZM, Marrast LM, Mogavero 
JN, Osorio GA, Qiu M, Zanos TP (2020) Presenting 
characteristics, comorbidities, and outcomes among 5700 
patients hospitalized with COVID-19 in the New York City 
Area. JAMA 323: 2052-2059. 

47. McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, 
Schwartz NG, Lewis J, Baer A, Kawakami V, Lukoff MD, 
Ferro J, Brostrom-Smith C, Rea TD, Sayre MR, Riedo FX, 
Russell D, Hiatt B, Montgomery P, Rao AK, Chow EJ, 
Tobolowsky F, Hughes MJ, Bardossy AC, Oakley LP, Jacobs 
JR, Stone ND, Reddy SC, Jernigan JA, Honein MA, Clark TA, 
Duchin JS (2020) Epidemiology of Covid-19 in long-term 
facility in King County, Washington. N Engl J Med 382: 2005-
2011. 

48. Tan L, Wang Q, Zhang D, Ding J, Huang Q, Tang YQ, Wang 
Q, Miao H (2020) Lymphopenia predicts disease severity of 
COVID-19: a descriptive and predictive study. Signal 
Transduct Target Ther 5: 33. 

49. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-
Ocampo E, Villamizar-Peña R, Holguin-Rivera Y, Escalera-
Antezana JP, Alvarado-Arnez LE, Bonilla-Aldana DK, 
Franco-Paredes C, Henao-Martinez AF, Paniz-Mondolfi A, 
Lagos-Grisales GJ, Ramírez-Vallejo E, Suárez JA, Zambrano 
LI, Villamil-Gómez WE, Balbin-Ramon GJ, Rabaan AA, 
Harapan H, Dhama K, Nishiura H, Kataoka H, Ahmad T, Sah 
R (2020) Clinical, laboratory and imaging features of COVID-
19: a systematic review and meta-analysis. Travel Med Infect 
Dis 34: 101623. 

50. Saglietto A, D’Ascenzo F, Zoccai GB, De Ferrari GM (2020) 
COVID-19 in Europe: the Italian lesson. Lancet 395: 1110–
1111. 

51. Kobayashi T, Jung SM, Linton NM, Kinoshita R, Hayashi K, 
Miyama T, Anzai A, Yang Y, Yuan B, Akhmetzhanov AR, 
Suzuki A, Nishiura H (2020) Communicating the risk of death 
from novel coronavirus disease (COVID-19). J Clin Med 9: 
580. 

52. Dong XC, Li JM, Bai JY, Liu ZQ, Zhou PH, Gao L, Li XY, 
Zhang Y. (2020) Epidemiological characteristics of confirmed 
COVID-19 cases in Tianjin. Zhonghua Liu Xing Bing Xue Za 
Zhi 41: 638–641. [Article in Chinese] 



Shakor et al. – Emerging of pandemic 2019-novel Coronavirus     J Infect Dev Ctries 2021; 15(9):1263-1272. 

1272 

53. Kai Kupferschmidt, Jon Cohen (2020) Can China’s COVID-
19 strategy work elsewhere? Science 367: 1061-1062. 

54. Wu JT, Leung K, Bushman M, Kishore N, Niehus R, de Salazar 
PM, Cowling BJ, Lipsitch M, Leung GM (2020) Estimating 
clinical severity of COVID-19 from the transmission dynamics 
in Wuhan, China. Nat Med 26: 506–510. 

55. Spiteri G, Fielding J, Diercke M, Campese C, Enouf V, 
Gaymard A, Bella A, Sognamiglio P, Sierra Moros MJ, Riutort 
AN, Demina YV, Mahieu R, Broas M, Bengnér M, Buda S, 
Schilling J, Filleul L, Lepoutre A, Saura C, Mailles A, Levy-
Bruhl D, Coignard B, Bernard-Stoecklin S, Behillil S, van der 
Werf S, Valette M, Lina B, Riccardo F, Nicastri E, Casas I, 
Larrauri A, Salom Castell M, Pozo F, Maksyutov RA, Martin 
C, Van Ranst M, Bossuyt N, Siira L, Sane J, Tegmark-Wisell 
K, Palmérus M, Broberg EK, Beauté J, Jorgensen P, Bundle N, 
Pereyaslov D, Adlhoch C, Pukkila J, Pebody R, Olsen S, 
Ciancio BC (2020) First cases of coronavirus disease 2019 
(COVID-19) in the WHO European Region, January 24 to 
February 21 2020. Euro Surveill 25: 2000178. 

56. Li J, Zhang Y, Wang F, Liu B, Li H, Tang G, Chang Z, Liu A, 
Fu C, Gao J, Li J (2020) Sex differences in clinical findings 

among patients with coronavirus disease 2019 (COVID-19) 
and severe condition. MedRxiv preprint 2020.02.27.20027524. 

57. Lippi G, Plebani M, Henry BM (2020) Thrombocytopenia is 
associated with severe coronavirus disease 2019 (COVID-19) 
infections: a meta-analysis. Clin Chim Acta 506: 145-148. 

58. Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, Xing F, 
Liu J, Yip CC, Poon RW, Tsoi HW, Lo SK, Chan KH, Poon 
VK, Chan WM, Ip JD, Cai JP, Cheng VC, Chen H, Hui CK, 
Yuen KY (2020) A familial cluster of pneumonia associated 
with the 2019 novel coronavirus indicating person-to-person 
transmission: a study of a family cluster. Lancet 395: 514–523. 

 
Corresponding author 
Assistant Professor Dr Muhammed Babakir-Mina, PhD 
Technical College of Health, Sulaimani Polytechnic University, 
Wrme Street, Mardin 327, Alley 76, Qirqa- Ibrahim Ahmad, 394 
Sulaimani, Iraq 
Phone: +964(0)7710213991 
Email: m.babakir@yahoo.com; babakir@med.uniroma2.it 
 
Conflict of interests: No conflict of interests is declared. 

 


	Introduction
	Methodology
	Results
	Epidemiological Assessment of COVID-19 Fatalities
	Immunological Assessment of COVID-19 Fatalities

	Discussion
	Epidemiological Analysis of COVID-19 Fatality Rate
	Immunological Description of COVID-19 Fatalities

	Conclusions
	Acknowledgements
	References
	Corresponding author


