Jlm ‘ THE JOURNAL OF INFECTION
IN DEVELOPING COUNTRIES
Coronavirus Pandemic

Demystifying the varying case fatality rates (CFR) of COVID-19 in India:
Lessons learned and future directions

Edwin Sam Asirvatham’, Jeyaseelan Lakshmanan?, Charishma Jones Sarman3, Melvin Joy?

" Health Systems Research India Initiative (HSRII), Trivandrum, India
2 Department of Biostatistics, Christian Medical College, Vellore, Tamil Nadu, India
3 Independent Public Health Consultant, New Delhi, India

Abstract

Introduction: At the end of the second week of June 2020, the SARS-CoV-2 responsible for COVID-19 infected above 7.5 million people and
killed over 400,000 worldwide. Estimation of case fatality rate (CFR) and determining the associated factors are critical for developing targeted
interventions.

Methodology: The state-level adjusted case fatality rate (aCFR) was estimated by dividing the cumulative number of deaths on a given day by
the cumulative number confirmed cases 8 days before, which is the average time-lag between diagnosis and death. We conducted fractional
regression analysis to determine the predictors of aCFR.

Results: As of 13 June 2020, India reported 225 COVID-19 cases per million population (95% CI:224-226); 6.48 deaths per million population
(95% CI:6.34-6.61) and an aCFR of 3.88% (95% CI:3.81-3.97) with wide variation between states. High proportion of urban population and
population above 60 years were significantly associated with increased aCFR (p=0.08, p=0.05), whereas, high literacy rate and high proportion
of women were associated with reduced aCFR (p<0.001, p=0.03). The higher number of cases per million population (p=0.001), prevalence of
diabetes and hypertension (p=0.012), cardiovascular diseases (p=0.05), and any cancer (p<0.001) were significantly associated with increased
aCFR. The performance of state health systems and proportion of public health expenditure were not associated with aCFR.

Conclusions: Socio-demographic factors and burden of non-communicable diseases (NCDs) were found to be the predictors of aCFR. Focused
strategies that would ensure early identification, testing and effective targeting of non-literate, elderly, urban population and people with
comorbidities are critical to control the pandemic and fatalities.
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Introduction

At the end of the second week of June 2020, the
coronavirus named SARS-CoV-2 responsible for
COVID-19 infected more than 7.5 million people,
killed over 400,000 and around 4 million have
recovered worldwide [1]. As the number of cases and
deaths increase exponentially, the focus of many
countries has shifted to clinical management of severely
ill cases who have an increased risk of dying due to the
disease. During an outbreak of a novel or emerging
infectious agent, one of the most important
epidemiological quantities to be determined is the case
fatality rate (CFR) which is often used to express the
extent of disease severity. It is essential for setting
public health priorities and develop targeted
interventions to reduce the severity of risk [2].

Studies indicate that the patients in the older age
groups, patients with hypertension, diabetes,

cardiovascular or cerebrovascular diseases, chronic
digestive disorders, tuberculosis, chronic hepatic or
renal insufficiency, peripheral vascular disease, and
malignancy were disproportionately affected and died
of the disease [3-5]. The other factors are occupational,
socioeconomic and demographic characteristics,
population density, the proportion of urban population,
and migrant workers [6,7]. The different phases of the
epidemic, the level of access to health services
including testing, management of the epidemic, health-
seeking behavior of the population, and efficiency of
health systems are potential confounders that could
affect the case fatality due to COVID-19 [8-10].
Screening and diagnostic testing strategies and data
reporting systems adopted in countries could also play
a major role in the estimation of CFR due to both, very
high and low rate of identification of mild and
asymptomatic cases, who have less risk of dying [11].
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Globally, the estimated case fatality rates of
COVID-19 appear to change as the epidemic progresses
and the current case fatality rates indicate a wide
variation between and within countries. As of 13 June
2020, the unadjusted global case fatality rate was
estimated at 5.6%, ranging from 0.06% in Singapore to
19.3% in France, among the countries that reported
more than 1,000 cases [1]. This could change
significantly when the pandemic ends. India, with 1.37
billion population, has been reporting a huge variation
in CFR across its 28 states and 8 union territories.
However, the computation of CFR, which is the ratio of
the number of deaths to the number of confirmed cases
over a defined period of time may not represent the true
case fatality rate during an ongoing epidemic. Because,
the estimation ignores the patients who are recently
diagnosed, hospitalized or isolated, whose outcome is
still unknown and it is assumed that none will die
eventually. Secondly, the calculation does not account
the time difference between disease onset or diagnosis
and death, which generally leads to an underestimation
of CFR [12-14].

As accurate estimation and understanding the
factors associated with case fatality are critical for
developing interventions, allocation of resources and
planning clinical management strategies, this paper
aims to estimate the time-delay adjusted CFR (aCFR)
and determine the associated factors of aCFR in India.

Methodology

We estimated the time-delay adjusted case fatality
rate (aCFR) by dividing the number of deaths on a given
day (13 June 2020) by the cumulative number of
patients with confirmed COVID-19 infection 8 days
before (5 June 2020) which is the average time-lag
between diagnosis and death. Studies from different
regions, indicated an average time-lag, ranging between
8 and 18 days [13-19]. We considered 8 days’ time-lag
to conservatively estimate the aCFR, considering the
possible delays in seeking health care, diagnosis and
reporting, which are widely reported across the country
[20,21].

As states/union territories were the units of analysis,
we considered the socioeconomic and demographic
situation; health system performance and morbidities of
the states and union territories of India, as potential
predictors of case fatality. The variables included the
median age of the population, the proportion of urban
population, population density, proportion of
population above 60 years, literacy rate, sex ratio
(females/1000 males), per capita net state domestic
product 2017-18 (SDP), COVID-19 tests per million
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population, confirmed cases per million population, the
prevalence of diabetes, hypertension, cardiovascular
diseases (CVD) and any cancer among those who were
screened in non-communicable diseases (NCD) clinics
in the respective states. Besides, we considered the
proportion of state medical and public health
expenditure (2018-19), and health system performance
of the states, assessed by the Ministry of Health and
Family Welfare, Government of India. The health
system performance indicators are composite indicators
of several technical aspects and the scores ranged from
0 to 100%. Overall health system performance is the
summation of three domains that are, inputs/processes,
health outcome, and governance and information.
Inputs and processes indicate health infrastructure,
financial and human resources, antenatal care (ANC)
coverage, surveillance, etc. The health outcome
indicates, natality, mortality, immunization, TB, and
HIV services etc. Governance and information indicate
governance, health monitoring and data integrity [22].

Data sources and statistical analysis

The COVID-19 data on confirmed cases and
reported deaths were obtained from the Ministry of
Health and Welfare (MoHFW), Government of
India[23]; testing data from www.covidl9india.org, a
crowdsourced database, and the other covariates from
multiple sources such as Census of India-2011[24];
National Health Profile-2019 [25]; Healthy States
Progressive India: A report on the ranks of states and
union territories [22]; and the report on State Finances:
A study of budgets of 2019-20 by Reserve Banks of
India [26]. We considered the state-wise projected
population as of May 2020 [27] and included the states
and union territories that reported more than 100
confirmed cases as on 13" June 2020 for analysis.

We performed the analysis using STATA version
15.0 (StataCorp LLC, College Station, Texas USA).
We carried out basic descriptive analysis, and bivariate
analysis to determine the correlation between
independent variables. As the effects are most likely
non-linear and the fractional nature of the dependent
variable, we conducted fractional regression analysis to
determine the predicting factors of aCFR in the states.
In our analysis, the dependent variable (aCFR) was
operationalized as a fraction bounded between zero and
one. In regression analysis, we did not include the
independent variables that indicated high correlation
amongst them. The independent variables included
were the proportion of urban population, proportion of
population above 60 years, literacy rate, sex ratio
(females/1000 males), per capita state domestic
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product(SDP), overall health system performance,
proportion of public health expenditure, COVID-19
tests per million population, COVID-19 confirmed
cases per million population, the prevalence of diabetes
and hypertension combined, CVD and Cancer. The
regression coefficients were converted to marginal
effects so that they can be interpreted as the average
effect of the explanatory variable on aCFR. We
considered P-value <0.05 statistically significant.

Results
COVID-19 confirmed cases,
population, and adjusted CFR
Table 1 indicates the state-wise confirmed cases,
deaths per million population, crude CFR and adjusted
CFR. As of 13 June 2020, the country reported 225
confirmed cases per million population (95% CI: 224-
226) and 6.48 deaths per million population (95% CI:
6.34-6.61) and an adjusted CFR of 3.88% (95% CI:
3.81-3.97) with wide variation between states/union

deaths per million

J Infect Dev Ctries 2020; 14(10):1128-1135.

territories. Delhi reported the highest confirmed cases
per million population (1,968) followed by Maharashtra
(821), Tamil Nadu (523), Gujarat (353) and Jammu &
Kashmir (348). States such as Jharkhand, Arunachal
Pradesh, Chhattisgarh, and Bihar reported less than 50
cases per million population. In terms of deaths, Delhi
reported the highest deaths per million (64.9) followed
by Maharashtra (30.2), Gujarat (22.2), Madhya Pradesh
(5.2), and Tamil Nadu (4.7), whereas the northeastern
states, Kerala, Bihar, Odisha, Jharkhand, Chhattisgarh
and Goa reported less than one death per million
population. The aCFR was found to be the highest in
Gujarat (7.4%) followed by West Bengal (6.2%),
Telangana (5.3%), Madhya Pradesh (4.9%),
Maharashtra (4.6%) and Delhi (4.6%) whereas, the
northeastern states, Jharkhand, Bihar, Chhattisgarh,
Odisha, and Goa reported less than 1%.

Table 1. Number of cases, deaths per million population, and adjusted CFR (aCFR) by states.

Region C;‘lslflslé’:r 95% CI Di::itll;isol:ler 95% CI CCFrl‘;‘f,Z 95% CI aco/fR 95% CI
Andhra Pradesh 105 103 - 108 1.48 1.16 - 1.81 1.41 1.10-1.71 1.88  1.47-229
Arunachal Pradesh 43 32-53 0.00 - - 0.00

Assam 98 95-101 0.22 0.07 - 0.38 0.23 007-039 036  0.11-0.60
Bihar 49 48 - 50 0.29 0.19-0.38 0.59 040-0.78 078  0.53-1.04
Chandigarh 288 257-319 4.32 0.53-8.10 1.50 0.19-280  1.62  021-3.02
Chhattisgarh 49 46 -51 0.20 0.04 - 0.37 0.42 0.08-0.76 070  0.14-1.25
Delhi 1,968 1,948 - 1,988 64.88 61.23 - 68.53 3.30 3.11-348 461  436-4.86
Goa 292 265 - 318 0.00 - - 0.00

Gujarat 353 348 - 357 22.15 21.00 - 23.31 6.28 596-6.60 740  7.03-7.77
Haryana 225 219-230 2.48 1.90 - 3.06 111 085-136 195  1.49-2.40
Himachal Pradesh 65 59 -71 0.81 0.16 - 1.45 1.23 025-222 153  031-2.74
Jammu & Kashmir 348 338 -358 3.90 2.85 - 4.94 1.12 082-142 159  1.17-2.02
Jharkhand ) 40 - 44 0.21 0.06 - 0.35 0.49 0.15-0.84 087  027-147
Karnataka 96 94 - 99 1.17 0.91-1.43 121 095-148  1.63  1.28-1.99
Kerala 65 62 - 68 0.53 0.29 - 0.77 0.82 045-1.18  1.12  0.62-1.62
Madhya Pradesh 122 120- 125 5.15 4.67 - 5.64 421 3.83-460 489  445-534
Maharashtra 821 816 - 826 30.18 2921-31.15 3.68 356-3.79 463  4.49-4.78
Manipur 125 112-137 0.00 - - - 0.00 -
Mizoram 79 64 - 95 0.00 - - - 0.00 -
Nagaland 69 58 - 80 0.00 - - - 0.00 -
Odisha 75 73 -78 0.22 0.08 - 0.35 0.29 0.11-046 038  0.15-0.62
Puducherry 111 94 - 128 1.41 0-3.38 127 0-3.03 1.92 0-4.56
Punjab 99 96 - 103 2.09 1.57 -2.61 2.11 159-2.63 256  1.94-3.18
Rajasthan 149 146 - 152 3.36 2.96-3.76 2.25 199-252 270  2.38-3.01
Tamil Nadu 523 518-528 4.71 4.23-520 0.90 081-099 128  1.15-1.41
Telangana 114 11-117 4.42 3.76 - 5.08 3.88 332-445 529  452-6.05
Tripura 230 216 -245 0.24 0-0.71 0.10 0-031 0.14 0-0.43
Uttarakhand 153 146 - 160 1.87 1.07 - 2.66 1.22 0.70-174 173 1.00-2.46
Uttar Pradesh 53 52 -54 1.53 1.38-1.69 2.89 260-3.19 375  337-4.13
West Bengal 103 101 - 105 4.53 4.11-4.95 4.40 401-480 618  5.62-6.73
India 225 224 -226 6.48 6.34 - 6.61 2.88 2.82-293 388  3.81-3.97
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As depicted in Figure 1, Gujarat (GU), Maharashtra
(MH) and Delhi (DL) reported higher number of
COVID-19 cases per million population and aCFR,
than the national average. West Bengal (WB),
Telangana (TE) and Madhya Pradesh (MP) reported
higher aCFR, though their confirmed cases per million
population are less than the national average. Tamil
Nadu (TN), Chandigarh (CHD), Jammu & Kashmir
(JK) and Goa (GA) reported relatively less aCFR than
the national average, though the cases per million
population are above the national average.

Predictors of Case Fatality Rate of COVID-19

The descriptive analysis of the explanatory
variables is presented in Table 2. The fractional
regression results that indicate the predicting factors
and their association with aCFR are shown in Table 3.

Socioeconomic and demographic factors

The states with high proportion of urban population
and population above 60 years were significantly
associated with increased aCFR (p = 0.08, p = 0.005),

Table 2. Summary statistics of explanatory variables.

J Infect Dev Ctries 2020; 14(10):1128-1135.

Figure 1. COVID-19 Confirmed Cases vs Adjusted CFR.
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Odisha; PU, Puducherry; PU, Punjab; RA, Rajasthan; TN, Tamil Nadu;
TE, Telangana; TP, Tripura; UK, Uttarakhand; UP, Uttar Pradesh; WB,
West Bengal.

Variables Mean/ Median SD/IQR Minimum Maximum
Urban population % 41.3 224 10.3 99.7
Population > 60 years % 8.3 1.8 4.6 12.6
Literacy Rate 76.5 8.7 61.8 94
Gender ratio (Females/1000 Males) 952 53 818 1,084
Per capita state domestic product (2017-19) 113,708 68,391 28,101 337,605
State health system performance % 533 11.8 28.6 74.9
Medical &Public health expenditure % (2018-19) 5.5 1.5 3.6 11.9
COVID-19 tests per million 5,185 3,169 - 7,778 806 24,774
COVID cases per million 108 69,230 42 1,968
CVD % 0.53 0.25-0.83 0.057 5.93
Hypertension & Diabetes % 3.07 1.5-57 0.39 11.65
Any Cancer % 0.20 0.07 - 1.80 0.010 1.80
SD: Standard Deviation; IQR: Inter Quartile Range.
Table 3. Predicting factors of aCFR.
Explanatory Variables Marginal effects Margm::;)effect n 95% CI P value
Urban population % 0.0116 1.2 -0.0015 - 0.0248 0.082
Population > 60 years % 0.0824 8.2 0.0246 - 0.1403 0.005
Literacy Rate % -0.1101 -11.0 -0.1600 - -0.0603 <0.001
Gender ratio (Females/1000 Males) -0.1698 -17.0 -0.3264 - -0.0132 0.034
Per capita state domestic product -0.0052 -0.5 -0.0215-0.0111 0.533
State health system performance % -0.0023 -0.2 -0.028 - 0.0234 0.862
Public health expenditure % -0.0004 -0.04 -0.0296 - 0.0288 0.978
COVID-19 tests per million -0.0094 -0.9 -0.0149 - -0.0039 0.001
COVID-19 cases per million 0.0094 0.9 0.0038 - 0.0151 0.001
CVD % 0.0041 0.4 0.0009 - 0.0073 0.012
Hypertension & Diabetes % 0.0061 0.6 0-0.0122 0.050
Any Cancer % 0.0105 1.0 0.0073 - 0.0137 <0.001
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whereas, high literacy rate and high proportion of
women in the states were significantly associated with
reduced aCFR (p <0.001, p = 0.03). Though per capita
income indicated a positive association, it was not
statistically significant (p = 0.53). The marginal effect
indicates that an increase of one per cent in urban
population and population above 60 years, results in
1.2% and 8.2% increase in aCFR respectively. On the
other hand, an increase of one per cent in literacy rate
and proportion of women population, resulting in 11%
and 17% decrease in aCFR respectively.

Health system performance

Although the overall performance of the state health
systems and the proportion of public health expenditure
of the states indicated a negative association with case
fatality, they were not statistically significant.
However, there is a reduction of 9% in aCFR, when
there is an increase of 10% in COVID-19 tests per
million population (»p = 0.001).

The burden of COVID-19 and other morbidities

All the factors that were included in the analysis,
such as COVID-19 cases per million population and
prevalence of diabetes & hypertension, CVD and any
cancer were significantly associated with increased
aCFR. As per our findings, the aCFR increases by 9%
if COVID-19 cases per million population increase by
10% (p = 0.001). Similarly, as the prevalence of CVD,
Hypertension with diabetes and any cancer increase by
10%, the aCFR increases by 4% (p =0.01), 6% (p-0.05)
and 10% (p < 0.001) respectively.

Discussion

The study estimated the adjusted case fatality rate
using the average duration from diagnosis to death,
which could avoid the interference of hospitalized cases
and the time-delay of death. The estimated aCFR in
India was 3.88% (95% CI: 3.81-3.97), which is much
higher than the crude CFR (2.88%) and the states and
union territories have indicated similar trends.
According to the literature, countries have reported a
wide range of CFR at different stages of the epidemic,
however, the CFR of COVID-19 seems to be low
compared to other coronaviruses that caused major
outbreaks of deadly pneumonia such as SARS, and
MERS [2]. Within India, there is a huge variation in
aCFR between states that ranges from zero to 7.4 per
cent, which could be due to the variations in the
socioeconomic and demographic situation; health
system and COVID-19 programmatic performance; and
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the burden of morbidities that could potentially affect
the fatality due to COVID-19.

It is well documented that the sociodemographic
and socioeconomic factors are important predictors of
the burden of infectious disease epidemics, the severity
and mortality [28—30] and our study brings evidence to
emphasize the fact in India. The positive association
between the proportion of urban population and aCFR
of COVID-19 is in concurrence with the existing
literature. Pathogens in urban environments can spread
more rapidly and be a greater burden to health care
services [31]. The risk factors in the urban areas are
poor housing with inadequate ventilation; inadequate
water, sanitation and waste management; a high
proportion of slum population; the density of the
inhabitants; and close contact between people that lead
to the rapid spread of emerging infectious diseases like
COVID-19 and its higher fatality [32]. Similarly, it is
well  documented that the elderly were
disproportionately affected and died due to COVID-19
across the world. Our study results also revealed old age
as a significant predictor of increased mortality, which
could be due to the declined immune system ability and
presence of morbidities [10,33-35].

According to our study findings, overall population
development in terms of literacy and gender equity
were found to be significant predictors of aCFR due to
COVID-19. This is in concurrence with the literature
that infectious disease threats and deaths,
disproportionately affect the urban poor and population
of lower socioeconomic gradients, leading to the
substantially unequal burden of COVID-19 outcomes
[36]. It has been demonstrated that poverty, inequality,
and poor social determinants of health, create
conditions for the transmission of infectious diseases,
and can further contribute to unequal burdens of
morbidity and mortality [37]. In this connection, our
findings emphasize the need for a sustained population
health approach with effective primary health care that
addresses the socio-economic and cultural determinants
of health, rather than focusing on the individual and
illness-based approach to prevent, manage and control
the current pandemic and any potential epidemic of the
future [38].

It is a common understanding that the performance
of a health system in terms of adequate resources,
efficient systems, processes and services would
produce a better outcome and reduce the mortality due
to an epidemic including COVID-19. According to our
analysis, the overall health system performance and
proportion of public health expenditure of the states
were not found to be significant predictors of reduced
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case fatality. Prevention, control and management,
including the reduction of fatality in COVID-19,
require an efficient health system, however, the
outcome depends on effective multisectoral and
intersectoral coordination and response [39,40]. It is
essential to ensure early detection, diagnosis, isolation
and treatment of confirmed cases, in addition to contact
tracing, risk communication, promotion of social
distancing, maintenance of law and order etc. It requires
a well-coordinated public health response with
decentralised geopolitical responsibility and authority,
efficient governance especially by local government,
coordinated public services, engagement of different
sectors coupled with a resilient and adaptive health care
system and active community involvement, which
could produce better outcomes.

Our analysis indicated a significant association
between volume of COVID-19 tests per million
population and reduced case fatality, which could be
due to the difference in testing strategies and its
effectiveness across states, early identification and
management and identification of more asymptomatic
cases [10]. In concurrence with a wide range of studies,
the higher incidence of COVID-19 cases, the
prevalence of morbidities such as CVD, diabetes &
hypertension and cancers were significantly associated
with an increased aCFR [10,41,42]. This stresses the
need for prevention and control strategies that aimed at
addressing the wvulnerable population with risk
behaviour and morbidities to reduce the severity and
case fatality of COVID-19.

Our study has some limitations. The selection of
time-lag between diagnosis and death could affect the
estimation of aCFR. The time-lag could vary between
and within countries at different stages of the epidemic.
Besides, though the COVID-19 data are from official
government sources, there may be under-reporting in
some states due to slightly different reporting criteria,
reporting methods, programme approach of the state
governments and its effectiveness. However, this study
provides valuable insights for further analysis in India
as the epidemic progresses and data gets updated.

Conclusion

The evidence generated by our study helps to
understand the predictors of case fatality due to
COVID-19 in India, that are socio-demographic factors,
and the burden of non-communicable diseases (NCDs).
Focused strategies that would ensure early
identification, testing and effective targeting of non-
literate, elderly, male, urban population and people with
comorbidities are critical to reduce the spread and case
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fatality. While the findings of the study emphasize the
need for an effective population health approach that
addresses the determinants of population health, an
efficient public health response with intersectoral and
multisectoral coordination is an urgent need for
effective prevention, management and control of
COVID-19 pandemic and fatalities in India.
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