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Mortality and morbidity due to the novel severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2 or COVID-19) are associated with various clinical and 
nonclinical factors including HIV and health system-related factors.  This study 
explores the temporal association of COVID-19 incidence and mortality with clinical 
and non-clinical factors through an ecological analysis of secondary data from 26 
states in India. State-level outcome variables were COVID-19 cumulative incidence 
and mortality and the risk factors include Human Immunodeficiency Virus/ Acquired 
immunodeficiency syndrome (HIV/AIDS) incidence, mortality and PMTCT (prevention 
of mother-to-child transmission of HIV) needs, general vaccination coverage, poverty 
status, sex ratio, child sex ratio, obesity (Body Mass Index, BMI>25) and air travel risk 
ratio.  Linear regression analysis was done to investigate the effect of covariates on 
COVID-19 mortality. The findings revealed that People Living with HIV/AIDS (PLHIV) 
are at higher risk for COVID-19 incidence and mortality, which suggests the need for 
focused interventions and uninterrupted access to Antiretroviral therapy (ART) and 
treatment for co-infections and comorbidities to mitigate the impact of COVID -19. The 
findings intend to provide insights to support and design India’s public health strategy 
for its response to the COVID-19 pandemic, especially among PLHIVs.   
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Introduction
The COVID-19 pandemic has already infected over 494 million 

people worldwide, leading to over 6 million deaths [1]. With about 
one-third of confirmed cases in Asia, India witnessed around 43 
million infected cases with over 500,000 deaths as of April 2022 
[2]. Ever since the first outbreak in December 2019, researchers 
have been reporting significant associations between mortality and 
morbidity due to severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), causing the coronavirus disease 2019 (COVID-19) 
and various clinical and non-clinical factors, including Human 
Immunodeficiency Virus (HIV) infection, non-communicable 
diseases (NCDs), socioeconomic, demographic and health system 
factors [3-6].  Generation of context and geographic-specific 
evidence related to the factors associated with the SARS-CoV-2 
infection and mortality is critical for policymakers to develop 
evidence-based strategies and targeted interventions such as age 
and vulnerability-specific prevention and control programmes. This 
study presents an analysis of the association between COVID-19 
incidence, mortality and clinical and non-clinical factors, intending 
to provide an insight to support and design public health strategies 
for its response to the pandemic.  

Methods
We compiled the data for two time periods, March to August 

2020 and March to June 2021 from multiple secondary data 
sources for 26 states of India.  Data related to COVID-19 incidence 
and mortality were obtained from the Ministry of Health and 
Family Welfare (MoHFW) website https://www.mohfw.gov.
in/ and https://api.covid19india.org/csv/latest/state_wise.csv 
(last accessed on 1st July 2021). HIV related data were obtained 
from various technical reports published by the National AIDS 
Control Organization (NACO), Ministry of Health and Family 
Welfare (MoHFW), Government of India [7]. Data related to socio- 
demographic, economic characteristics, vaccination coverage as  
a measure for health system performance and average gender-
specific body mass index (BMI) were obtained from National Family 
Health Survey (NFHS-4) factsheets [4,8,9].  As complete information 
on all variables could be obtained only for 26 states and UTs in the 
country, they were included in the analysis. We considered outcome 
variables such as cumulative confirmed COVID-19 incidence 
(burden) and mortality for the two different periods. HIV incidence, 
HIV prevalence, HIV mortality, PMTCT needs, general vaccination 
coverage, Sex-ratio, child sex ratio, the proportion of people in 
poverty, BMI and air-travel density (risk score) were considered as 
potential risk factors.

Statistical Analysis 

Binary associations between the independent and outcome  
variables were first explored using scatterplots. The associations 
were then quantified using spearman’s rank correlation to assess 
the relationship between the independent variables and outcomes 
variables such as cumulative COVID-19 incidence and mortality.  
All correlations were reported and factors that were significant 
at p-value of 0.1 were included in the ecological analysis.  Linear 
regression models were fitted to assess the quantum of association 
of the covariates on the COVID-19 incidence and mortality.  
Separate models were fitted for the two time periods, March-
August 2020 and March-June 2021 as there were differences in case 
identification strategies, reporting and other programmatic efforts. 
The covariates included in the regression model were: general 
vaccine coverage (as a measure of health systems performance), 
sex ratio, percentage below poverty line (as a measure of social 
determinant of health), BMI (as a measure of nutritional status, 
obesity), HIV prevalence, HIV incidence, HIV related mortality, 
PMTCT needs (as measures of population highly vulnerable to 
infection) and air travel risk.  All variables in the regression models 
were standardized to convert them to the same scale. 

Results
Association between COVID-19 Incidence and HIV, Health 
System Performance and Socio-Demographic, Economic 
Factors

The correlation analyses (Figures 1 & 2) indicated strong 
positive association between COVID-19 incidence and HIV 
prevalence (r=0.9, p<0.001), HIV incidence (r=0.8, p<0.001), HIV 
related mortality (r=0.8, p<0.001) and Prevention of mother-to-
child transmission (PMTCT) needs (r=0.8, p<0.001), during the 
time period from March to August 2020.   Similarly, during the time 
period from March to June 2021, COVID-19 incidence was positively 
associated with HIV prevalence (r=0.8, p<0.001), incidence (r=0.7, 
p<0.001), AIDS mortality (r=0.8, p<0.001) and PMTCT needs 
(r=0.8, p<0.001).  States with higher HIV incidence and AIDS related 
mortality showed a corresponding higher COVID-19 burden. The 
general vaccination coverage in urban areas, which is considered as 
a measure of health system performance indicated an inverse, albeit 
weak, association with COVID-19 burden (r=-0.2, p=0.4) indicating 
states with lower vaccination rates may have a higher number 
of cases in 2020.  However, vaccination coverage in rural areas 
and overall vaccination coverage did not indicate any significant 
association with COVID-19 case burden in both periods.  In terms 
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of the socio-demographic, and economic situation, poverty rate did 
not indicate any significant association with COVID-19 incidence in 
both the time periods. However, sex ratio (r =-0.2, r=0) and child 
sex ratio (r=-0.3, r=-0.2) in both the periods of the analysis showed 
a weak negative association with COVID-19 incidence. Overall 

BMI in both the period of analysis (r=0.2, r=0.1) indicated a weak 
positive association with COVID-19 incidence. However, air travel 
risk ratio (r=0.7; r=0.7) indicated a strong positive association with 
COVID-19 incidence. 

Figure 1: Correlation plot of COVID-19 incidence and mortality with independent variables for the year 2020.

Figure 2: Correlation plot of COVID-19 incidence and mortality with independent variables for the year 2021.

Association between COVID Mortality and HIV, Health System 

Performance and Socio-Demographic, Economic Factors

The magnitude of association between COVID-19 mortality 
and HIV related indicators that are HIV prevalence, HIV incidence, 
HIV related mortality and PMTCT needs were almost the same 
as COVID-19 incidence. COVID-19 mortality did not indicate any 

significant correlation with general vaccination coverage in both 
urban and rural areas. Poverty rate (r=-0.1; r=-0.1) indicated a 
very weak negative association with COVID-19 mortality in both 
periods. Similarly, sex ratio (r =-0.3, r= -0.2) and child sex ratio 
(r=-0.5, r=-0.3) showed a weak negative association in both the 
time periods with COVID 19 mortality. The analysis indicated a 
very weak association between BMI (r=0.2; r=0.1) and COVID-19 
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mortality in both the time periods However, air travel risk ratio 
(r=0.7, r=0.6) indicated a strong positive association with COVID 
19 mortality. Some of the correlations, although not statistically 
significant, hint at important directional relationships between 
state-level COVID-19 disease burden, mortality and the covariates.

Factors Associated with COVID-19 Mortality 

The regression analysis for the year 2020, indicated that for 
every additional case of PLHIV in the state, there is an increase of 
0.77 units of COVID-19 mortality which is statistically significant. 
Similarly, new HIV infections, PMTCT needs, AIDS deaths and air 
travel risk scores of the states were found to be the significant 
predictors of COVID-19 mortality.  Health systems performance, 
socio-demographic and economic factors did not show any 
significant association with COVID-19 mortality. Similar trends 
were observed for the year 2021, where the number of PLHIV, new 
HIV infections, PMTCT needs, AIDS deaths and air travel risk score 
of the states were found to be significant predictors of COVID-19 
mortality (Table 1). A correlation plot of COVID-19 incidence and 
mortality with independent variables has been depicted in the 
choropleth map (Figures 1 & 2).

Table 1: Regression analysis to quantify change in COVID 19 
mortality associated with the covariates.

Variables Year 2020 Year 2021

Other health related Estimate (95% CI) Estimate (95% CI)

Total PLHIV 0.7702 (0.52,1.03) 0.7792(0.53,1.03)

New HIV infections 0.4203(0.06,0.78) 0.6406(0.33,0.95)

PMTCT needs 0.6137(0.3,0.93) 0.7142(0.43,0.99)

AIDS deaths 0.7172(0.44, 1) 0.6524(0.35,0.96)

Obesity 0.06443(-0.33, 0.46) 0.07431(-0.32,0.47)

Health-systems 
related

General Vaccination 
Urban -0.2222(-0.61,0.17) -0.03073(-0.43,0.37)

General vaccination 
Rural -0.08228(-0.48, 0.32) -0.1506(-0.55,0.24)

General vaccination 
total -0.1089(-0.51, 0.29) -0.001592(-0.4,0.4)

Socio economic status

Poverty* -0.1046(-0.5,0.29) -0.06359(-0.46,0.34)

Sex Ratio -0.1174(-0.51,0.28) -0.1291(-0.53,0.27)

Air Travel related 0.5745(0.25,0.9) 0.526(0.19, 0.87)

Note: *Percentage of population below poverty line as defined 
for that year.

Discussion
The study highlights the significant relationship between HIV 

prevalence, HIV incidence, HIV related mortality, PMTCT needs and 
COVID-19 incidence and mortality. The findings corroborate with 

a population-based cohort analysis that indicated 2.9 times (95 
CI: 1·96–4·30) higher risk for  PLHIV dying from COVID-19 after 
adjusting for age and sex, compared to the general population [4]. 
A meta-analysis indicated a higher mortality rate due to COVID-19 
among PLHIV (3.44%) compared to COVID-19 patients without HIV 
infection (0.42%)[10]. In addition, cohorts of hospitalized PLHIV 
with COVID-19 in London and New York have revealed higher rates 
of severe disease requiring hospitalization relative to those without 
an HIV diagnosis and higher mortality even with a suppressed viral 
load on ART [9,11-14]. The increased risk assumption for adverse 
COVID-19 outcomes among PLHIV is found to be based on their 
immunosuppressed clinical status since, HIV infection is long 
associated with increased susceptibility to opportunistic infections 
because of the abnormal humoral and T-cell mediated immune 
responses [15,16]. 

On the other hand, HIV/SARS‐CoV‐2 co-infected patients may 
have mortality benefits from the immunosuppressive state [17,18]. 
Though concerns were raised by the World Health Organization 
(WHO) and Center for Disease Control and Prevention (CDC) for 
population at high risk including PLHIV for severe health outcomes 
due to COVID-19, factors like immunological and virological status 
of PLHIV with consumption of antiretroviral treatment (ART) 
might play a role in the outcome of COVID-19 infection [19,20]. 
The high prevalence of critical underlying co-infections among 
PLHIVs, in comparison to HIV-negative individuals, is found 
responsible for higher mortality rates due to COVID-19 and not 
only the HIV positive status of individuals [21]. However, adequate 
caution and care are required while managing COVID-19 patients 
with immunosuppressive conditions  [15,22,23]. This study 
indicates protective effect of general vaccination in the reduction 
of COVID-19 deaths.  According to literature, universal Bacillus 
Calmette-Guerin (BCG) vaccination policy in countries, and the 
rate of BCG vaccination are correlated with reduced mortality rates 
due to COVID-19 [24-26]. Further, it has shown to produce broad 
protection against viral infections and sepsis [27]. Studies have 
also highlighted reduced COVID-19 infection, severity and death 
rates among patients vaccinated with measles mumps rubella 
(MMR) compared to the population in the same age range without 
vaccination [28-31]. Supporting these findings, another study 
indicated higher death rates due to COVID-19 with delayed MMR 
vaccination programs [32]. 

In terms of socio-demographic and economic variables, sex 
ratio and child sex ratio were found to be negatively associated 
with COVID-19 mortality. These findings are in corroboration with 
a few studies indicating that infectious disease threats and deaths 
including COVID-19 disproportionately affect the population from 
less developed geographies [33-35]. According to the study, a 
very weak positive association was found between BMI which is a 
proxy for co-morbidity of obesity, and mortality due to COVID-19. 
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However, several studies indicated higher mortality among older, 
people with obesity and diabetes with complications [8,36]. 
According to a study, frequency of obesity (BMI > 30kg/m2, 47.6%) 
and severe obesity (BMI > 35 kg/m2, 28.2%) was found to be higher 
among patients with COVID-19 infection compared to non-SARS-
Cov-2 respiratory disease patients (25.2% and 10.8%, respectively) 
[37].  Similarly, another study demonstrated higher mean values of 
BMI of COVID-19 infected patients who needed ICU care (25.5kg/
m2), compared with the general group (22.0kg/m2) [38]. Another 
systematic review suggested obesity as a prospective predictor of 
poor outcomes in patients with COVID-19, in all continents [39]. 
Data from China’s Centers for Disease Control shows that 7.3% 
of those with diabetes who were later diagnosed with COVID-19 
died and for those with no other co-morbidity, the mortality rate 
was lower at 0.9% [40]. Similar studies in Italy documented that 
99% of deaths were among those with at least one or other health 
condition, showing the highest rates among patients with three or 
more illnesses [41].

Conclusion
The study gained insights on the associated factors that could 

increase the risk of COVID-19 incidence and mortality. The study 
provided evidence that PLHIVs are at higher risk for COVID-19 
incidence and mortality, which suggests the need for focused 
interventions among PLHIV, especially during a pandemic of 
this kind. It is also critical that there is uninterrupted access to 
treatment services such as ART and treatments for co-infections 
and comorbidities to mitigate the impact of COVID -19. As there is 
a higher risk for COVID-19 incidence and mortality among people 
with underlying chronic illness and comorbidities, public health 
strategies should focus on early detection, diagnosis and timely 
initiation of treatment. 
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