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Background: Recent studies have established that vaccination plays a significant role in reducing COVID-19-

related deaths. Here, we investigated differences in COVID-19 case fatality rates (CFRs) among vaccinated

and unvaccinated populations, and analyzed whether the age composition of confirmed cases has a signifi-

cant effect on the variations in the observed CFRs across these groups.

Methods: The study considered 59,853 confirmed cases and 1,687 deaths from COVID-19, reported between

January 1 to October 20, 2021, by the Health Department of Londrina, a city in Southern Brazil. We used Neg-

ative Binomial regression models to estimate CFRs according to vaccination status and age range.

Results: There are significant differences between the CFR for fully vaccinated and unvaccinated populations

(IRR = 0.596, 95% CI [0.460 - 0.772], P < .001). Vaccinated populations experience fatality rates 40.4% lower

than non-vaccinated. In addition, the age composition of confirmed cases explains more than two-thirds of

the variation in the CFR between these 2 groups.

Conclusions: Our novel findings reinforce the importance of vaccination as an essential public health mea-

sure for reducing COVID-19 fatality rates in all age groups. The results also provide means for accurately

assessing differences in CFRs across vaccinated and unvaccinated populations. Such assessment is essential

to inform and determine appropriate containment and mitigation interventions in Brazil and elsewhere.

© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights reserved.

BACKGROUND

Since the emergence of COVID-19, the world has taken several
measures to contain the spread of the disease. Immunization by vac-
cination has been 1 of the most important contributions to public
health in the past century and is responsible for the sharp decline in
vaccine-preventable illness worldwide.! The steady decline in
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COVID-19 cases and deaths globally after vaccination has corrobo-
rated the importance of this public health measure for ending the
COVID-19 pandemic.? However, its success is contingent upon vacci-
nation attitudes and the design of vaccination policies.?

COVID-19 vaccinations in several countries have been shown to
be associated with reduced fatality rates.” In Israel, mass vaccination
reduced the risk of COVID-19-related deaths by 72% from 14 to
20 days after the first dose.” In the United States, a simulation study
projected that COVID-19 vaccination programs would reduce COVID-
19 deaths by 69.3%.° In addition to lowering fatality rates, there is
evidence that vaccinations are associated with substantial reductions
in symptomatic COVID-19 in older adults in England® and the risk of
COVID-19 hospitalization in Scotland.”

Brazil witnessed a widespread distribution of COVID-19 across all
regions and was most severely affected by the pandemic.®° Almost

0196-6553/© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
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Fig 1. Geographical delimitation of the studied area — City of Londrina, Parand — Brazil (2021).

200,000 COVID-19 deaths were reported just in 2020.'° The country
started vaccination campaigns against COVID-19 on January 17,
2021, prioritizing health workers, older adults (starting at age 85 and
gradually vaccinating younger age groups), indigenous populations,
and institutionalized individuals.'!

Recent studies highlighted that vaccination campaigns were criti-
cal in reducing COVID-19 incidence among Brazilian healthcare
workers,'>'®  hospital admissions, and deaths among older
adults.'""'* Overall, vaccinations have proven their efficacy in pre-
venting COVID-19 fatalities.'> Nonetheless, there is lack of studies on
the differences in fatality rates across vaccinated and unvaccinated
populations, considering the demographic composition of these sub-
groups. This information is crucial to the ongoing reassessment of
public health interventions and policies.

The demographic composition of cases may help explain differen-
ces in fatality rates across populations and how transmission
unfolds,'® especially among vaccinated and unvaccinated subgroups.
This consideration is essential, given that cases and fatalities caused
by COVID-19 are concentrated in older age groups who suffer from
underlying medical conditions (comorbidities) and are an expressive
part of the fully vaccinated population group.

Here, we investigated the differences in COVID-19 case fatality
rates among subjects living in a city in Southern Brazil, taking into
account their vaccination status and age categories. We also analyzed
whether the age composition of confirmed cases has a significant
effect on the variations in fatality rates across vaccinated and unvac-
cinated populations. We hypothesized that vaccination predicts
lower fatality rates, regardless of age range.

METHODS
Study design and participants
This cohort study draws upon data from the Health Department of

Londrina city, the fourth most populous city in Southern Brazil'” (Fig 1).
The database accrues data on confirmed COVID-19 cases — individuals

who tested positive for SARS-CoV-2 — deaths, and vaccination status’. It
is a highly detailed and continuously updated database that allows
monitoring the survival trajectory of each individual living in Londrina
based on to their demographic characteristics. The main variables of
interest in this research were age, sex, vaccination status, and cause of
death by COVID-19.

For this investigation, we analyzed baseline data entered into the
database between January 1 and October 20, 2021. The initial month
coincides with the beginning of the vaccination campaign against
COVID-19 in Brazil. COVID-19 case definition followed the World
Health Organization (WHO) criteria: a person with a positive Nucleic
Acid Amplification Test or a positive SARS-CoV-2 antigen rapid diag-
nostic tests AND meeting the probable or suspect case definition cri-
teria. In our analysis, death and COVID-19 case counts were
cumulative counts up to October 20, 2021. Until this date, Brazilian
Health Regulatory Agency (ANVISA) approved the registration of
Comirnaty (Pfizer/BioNTech) and Covishield (Oxford/AstraZeneca)
vaccines. Coronavac (Sinovac Life Science) and Ad26.COV2.S (Janssen)
vaccines obtained an emergency use approval by ANVISA in January
and March 2021, respectively.

Although we recognize that each type of vaccine may have
different effects on fatality rates, we focused on investigating
whether and how subjects with full immunization against COVID-
19 differ from those with partial or no vaccination in terms of
fatality rates. Therefore, we categorized confirmed cases into 3
distinct groups: unvaccinated, incompletely, and fully vaccinated.
We defined incompletely vaccinated as those individuals who
received only 1 dose (in the case of 2-dose vaccines) or were less
than 14 days after the second dose or after a single-dose vaccine
(Janssen). The fully vaccinated category accounts for those who

! The database used in the paper is not nationally scrutinized; it provides informa-
tion on the population living in the municipality of Londrina, Parana - Brazil. The city's
Health Department is primarily responsible for maintaining and managing the data-
base. It is not publicly available (only upon request) because it contains personal infor-
mation about citizens who have tested positive for COVID-19.
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received the second dose (or single-dose vaccine) for 14 days ear-
lier or longer. To overcome the small number of COVID-19 deaths
in some age groups, we categorized the age variable into 4 large
groups (under 60, 60-69, 70-79, >80).

This study was approved by the local Research Ethics Committee
(Reference Number: 50261221.3.0000.5231).

Analytical Strategy for decomposing, standardizing, and estimating case
fatality rates

The case fatality rate (CFR) is a measure that corresponds to the
proportion of individuals with a specific condition who died from
that condition during the reference period. In this paper, the CFR
metric refers to the ratio of COVID-19 deaths (D) divided by the num-
ber of confirmed cases (N): CFR=D/N. We also calculated the CFR as
the sum of age-specific CFRs weighted by the proportion of cases in a
given age group i. Age-specific CFRs (C;) are given by the following
expression: %. The proportion of cases in each age group (P;) is given
by % . Using this notation, the CFR can be written as a weighted aver-
age of age-specific CFRs:

CFR= Y PG

a) Decomposition of CFRs

Differences in CFRs could indicate that the risk of dying of COVID-
19 among confirmed cases differs between vaccinated and unvacci-
nated. In addition, differences in CFRs could also imply age composi-
tional differences in confirmed cases, since the risk of dying of
COVID-19 is well-documented to increase with age.'® One way to
compare demographic variables that belongs to different populations
is through decomposition methods. The decomposition of CFRs offers
relevant insights for the investigation on whether the age composi-
tion of confirmed cases has a significant effect on the variations in
fatality rates across vaccinated and unvaccinated populations.

Accordingly, we employed the weighted expression and a mathe-
matical decomposition approach introduced by Kitagawa'® and
applied by Dudel et al.'® to separate the difference between 2 CFRs
into 2 distinct parts, 1 attributable to the age distribution of cases
and the other to age-specific case fatality rates. The method attributes
the total difference into these 2 components, leaving no residual.
Then, the decomposition approach splits the difference between fully
vaccinated and unvaccinated CFRs into:

CFRfulLvacc - CFRunvacc = a+d
Where the a-component captures the effect of the age distribution of

cases, and the §-component indicates the part of the difference attrib-
utable to age-specific case-fatality. « is given by:

o= Z ( Pf?ll,vacc _ Puinvacc)

i

i
2

~full_vacc
C + qmvacc:|

while § can be calculated as:

Pfull_vacc 4 punvace
_ full_vacc _ unvacc i i
5= Z (; cynvace) {72 :

Dudel et al.'® provides a step-by-step walk-through of the decom-
position and its interpretation that we also employed in this paper.

a) Standardization of CFRs
Despite its value in expressing disease fatality, CFR comparisons

among subgroups with different vaccination status needs to be
approached with caution. Since CFR is a crude rate, differences in age

distributions of confirmed cases and deaths may strongly affect the
results. For example, suppose the population is older in a specific vac-
cination status than another. In that case, the CFR will be higher in
the older population, even if the age-specific risk of dying is the
same. Here is the relevance of standardization. It is a crucial step to
make reliable comparisons between CFRs of populations with differ-
ent age compositions. One approach to making such a comparison is
to adopt the average age distribution of confirmed cases among the 3
vaccination statuses (unvaccinated, incompletely, and fully) as a stan-
dard age distribution. The age-standardized case fatality rate (ASCFR)
is given by:
0 Unvacc ncomplete Full
ASCFR—ZC,-(P’ +h . +h >

i=1

Where C; represents the age-specific CFRs, x refers to the lower limit
age of the age group, n is the width of the age intervals, and P; is the
proportion of cases in each age group among the 3 vaccination sta-
tuses.

Method for estimating case fatality rates

We employed negative binomial regression models to estimate
CFRs for fully, incompletely, or unvaccinated people by age group.
The advantage of modeling the number of COVID-19 deaths using
a negative binomial model is that it introduces an additional
parameter which affords the model more flexibility to deal with
overdispersion.*°

The underlying assumption of count models for estimating CFRs is
the existence of an incidence rate at which the event occurs, which
can be multiplied by an exposure time to obtain the number of events
that occurred. Therefore, the model includes an additional component,
referred to as offset, responsible for controlling the number of COVID-
19 deaths by the number of confirmed cases in each selected category.
The term offset is included in the logarithmic scale so that it matches
with the linking function employed. Thus, the model is given by:

logE(Y) = 1og(C) + Bo + BiX1 + - - - + BpXp

The response variable is the expected number of deaths, and X is a
matrix of covariates (vaccination status and age groups). Log(C) is a
covariate with a fixed coefficient equal to 1, representing the total
number of confirmed cases in the city between the reference period.
We adopted the analytical strategy of gradually adding each covari-
ate, starting from a simple model with only age groups (Model 1).
Then, we updated the first model with the covariate vaccination sta-
tus (Model 2). Finally, we presented the last model (Model 3) with
age, vaccination status, and an interaction between 2 covariates: age
groups and vaccination status. The underlying hypothesis we set to
test with this interaction term was whether the differences in fatality
rates between vaccinated and unvaccinated varied by age.

The results were presented in the form of Incidence Rate Ratios
(IRRs). It is a useful and easy-to-interpret metric that allows to com-
pare the incident rate between 2 different groups, for example, vacci-
nated and non-vaccinated subjects. We used the Akaike Information
Criterion (AIC) to select the best regression model among the candi-
date models to predict the CFRs. Statistical significance was assessed
at a 2-sided P value < .05. All analyses were conducted with R
software.”!

RESULTS

From January 1 to October 20, 2021, the confirmed cases num-
bered 59,853, of which 2.8% of them (2,238) resulted in death
Figure 2. illustrates the distribution of COVID-19 confirmed cases by
age, sex, and vaccination status. Note that there is a clear difference
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Fig 2. Distribution of COVID-19 confirmed cases by age, sex, and vaccination status — City of Londrina, Parana — Brazil (2021).

in age composition between unvaccinated and vaccinated. Fully vac-
cinated population has, proportionately, a greater number of older
adults. On the other side, the unvaccinated group have a high propor-
tion of individuals under 60 years of age for both sexes, which makes
the age structure of this group more rejuvenated than that of the
others (Fig 2). These differences have a direct impact on the case
fatality rates of the 3 populational subgroups under analysis.

Table 1 shows the descriptive results for confirmed cases and
deaths from COVID-19, according to vaccination status, age, and sex.
The values underscore the small number of fatalities for subjects
with complete vaccinations, limiting our ability to consider further
desegregations or interactions between vaccination status and sex.

The overall CFR among fully vaccinated and unvaccinated individ-
uals were 61.41 per thousand and 26.32 per thousand, respectively
(Table 1). Subtracting the CFR of fully vaccinated from unvaccinated
gives a difference of 35.09. In relative terms, the «-component (pro-
portion of difference explained by age distribution) explains 72% of
the difference between these rates. In comparison, the s-component
(proportion of difference explained by age-specific case fatality) only
explains 28%. This result indicates that the differences in the age dis-
tribution of confirmed cases explain a large part of the variation in
CFRs between fully vaccinated and unvaccinated (Table 1).

Table 1

Overall, the observed CFR points to a possible difference due to
the vaccination status. Fully vaccinated subjects have lower fatality
rates than incompletely and unvaccinated people in all age groups.
Values from age-standardized CFRs reflect the effect the age composi-
tion exerts on this measure. About 54% of the 4,429 confirmed cases
fully vaccinated are from individuals over 60-years-of-age (Fig 2).
Nonetheless, after standardization, fully vaccinated subjects had the
lowest overall CFR.

Table 2 depicts the Incidence Rate Ratio (IRR) of negative binomial
regression models to predict CFRs with 95% confidence intervals in
brackets. An IRR less than 1 indicates that the incident rate is lower
in an exposed group compared to an unexposed group. In cases
when IRR is equal to 1, the incident rate is equal among those in an
exposed group and those in an unexposed group. Finally, if IRR is
greater than 1, this indicates that the incident rate is greater in an
exposed group compared to an unexposed group. We provide some
examples of its interpretation below.

The first model investigated differences in fatality rates control-
ling only for the covariate relative to age groups. Note that “Under
60" is the reference category. Model 1 shows that there are significant
differences in fatality rates between age groups. For example, the
fatality rate among subjects under 60 is 7.847 times as high as the

COVID-19 deaths, confirmed cases, and case fatality rates (per 1,000) according to vaccination status, age, and sex — City of Londrina, Parand — Brazil (2021)

Variable Unvaccinated Incomplete vaccination Full vaccination
Deaths Cases CFR* Deaths Cases CFR Deaths Cases CFR
Age group
Under 60 498 42,431 11.74 55 6,541 8.41 6 2,024 2.96
60-69 275 3,439 79.97 39 451 86.47 40 939 19.76
70-79 272 1,624 167.49 21 120 175.00 114 1,011 56.32
80+ 224 723 309.82 31 95 326.32 112 455 55.34
Gender
Male 724 22,708 31.88 87 3,411 25.51 142 1,727 70.16
Female 545 25,509 21.37 59 3,796 15.54 130 2,702 64.23
Overall 1,269 48,217 26.32 146 7,207 20.26 272 4,429 61.41
Age-standardized CFR 43.51 47.33 28.7
Decomposition - Summary
Case fatality rate (per thousand) among fully vaccinated 61.41
Case fatality rate (per thousand) among unvaccinated 26.32
Difference in CFRs (fully vaccinated minus unvaccinated): 35.09
Proportion of difference explained by age composition of cases (Alpha): 72%
Proportion of difference explained by age-specific case fatality (Delta): 28%

*The case fatality rate (CFR) is the ratio between confirmed deaths and confirmed cases.



H. Passarelli-Araujo et al. / American Journal of Infection Control 50 (2022) 491496 495

Table 2

Incidence Rate Ratios (IRRs) of negative binomial regression models (Incidence Rate Ratios — IRRs) — City of Londrina, Parana — Brazil (2021)

Dependent variable: deaths

(Model 1) (Model 2) (Model 3)
Intercept 0.009** 0.010** 0.012**
(0.007 - 0.012) (0.008 - 0.013) (0.009 - 0.016)
Age group
Under 60 (ref) 1 1 1
60-69 7.847" 8.087** 6.886""
(5.358 - 11.485) (5.932-11.023) (4.723 - 10.036)
70-79 16.603** 17.848* 14.279*
(11.320 - 24.354) (13.060 - 24.395) (9.792 - 20.815)
80 + 32.877* 35.560"* 26.377°

(22.496 - 48.020)

Vaccination status

Unvaccinated (ref)

Incomplete vaccination

Full vaccination
Interaction between age group and vaccination status

Under 60:Unvaccinated (ref)

60-69:Incomplete vaccination

70-79:Incomplete vaccination

80+:Incomplete vaccination

60-69:Full vaccination

70-79:Full vaccination

80+:Full vaccination

Degrees of Freedom 20
Log Likelihood -97.03
Akaike Inf. Crit. 204.06

(26.084 - 48.494) (18.013 - 38.605)

1 1
0.932 0714
(0.710 - 1.220) (0.456 - 1.110)

0.596"*
(0.460 - 0.772)

0.252*
(0.094 - 0.562)

1
1.476
(0.764 - 2.839)
1.439
(0.694 - 2.926)
1.457
(0.737 - 2.858)
2,087
(0.810-6.172)
2.662*
(1.072 - 7.670)
3.193*
(1.283-9217)

18 12

-90.35 -86.57

194.70 199.15

Note. 95% Confidence Intervals of IRRs are in brackets.
*P<.05;
P <.01.

rate among subjects with 60-69 years-of-age (C.I 95% [5.358 -
11.485], P < .001). Namely, the older the individuals’ age, the higher
their fatality rate (Table 2).

The second model incorporates the covariate vaccination status.
The model coefficients indicate significant differences in the fatality
rate between fully vaccinated and unvaccinated individuals; the CFR
for fully vaccinated people is 40.4% lower (IRR = 0.596, 95% CI [0.460 -
0.772], P < .001) than that of non-vaccinated when controlling for
age (Table 2).

The third model includes an interaction term between age and
vaccination status to enable the analysis as to whether fatality differ-
ences between subjects with different vaccination statuses are asso-
ciated with specific age categories. These differences were age-
dependent among older adults with 70-79 or >80 years of age at 5%
of significance. For example, fully vaccinated subjects older than 80-
years-of-age have a fatality rate 20% lower than those unvaccinated
with the same age (Table 2).

Table 3 demonstrates the predicted CFR (per thousand) by age
groups. The population under 60-years-of age had the lowest
fatality rate per thousand confirmed cases in the city, regardless
of vaccination status (Table 3). When analyzing the ratio between
unvaccinated and fully vaccinated subgroups, individuals under
60-years-of-age had the most significant difference in predicted
CFR. In this group, the fatality risk experienced by an unvacci-
nated person is 7.1-fold higher than in a fully vaccinated subject.
Overall, these findings highlight the premise that vaccinated sub-
jects have lower fatality risks than unvaccinated subjects in all
age groups.

DISCUSSION

This novel study investigated differences in COVID-19 case fatality
rates among individuals according to their vaccination status and
whether these differences were associated with specific age

Table 3
Predicted Case Fatality rates (per thousand) according to vaccination status — City of
Londrina, Parana — Brazil (2021)

Predicted CFR* Ratio
CFR C195%
Unvaccinated
Under 60 9.17 11.89 15.41 7.1
60-69 62.40 81.85 107.36 2.2
70-79 129.33 169.72 222.73 1.5
80+ 237.55 313.52 413.79 13
Incomplete vaccination
Under 60 5.93 8.49 12.16 4.6
60-69 57.94 86.28 128.49 2.0
70-79 106.39 174.43 285.97 13
80+ 212.53 326.29 500.94 1.1
Full vaccination
Under 60 1.30 2.99 6.91 -
60-69 28.98 43.01 63.83 -
70-79 83.79 113.74 154.40 -
80+ 185.46 252.00 34242 -

*The case fatality rate (CFR) is the ratio between confirmed deaths and confirmed
cases.

Ratio of predicted CFR (Model 3) where age groups of full vaccination are the
denominator.
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categories. Regression analysis revealed that COVID-19 vaccination
was significantly associated with reduced case fatality rates in all age
groups. We also demonstrated that the age composition of confirmed
cases significantly affected the variations in fatality rates across vacci-
nated and unvaccinated populations. Since these groups have differ-
ent age compositions, it is vital to assess underlying differences in
the age distribution of cases with accurate methodologies to enable
the most appropriate health response.

Our results strengthen the evidence that vaccination is critical for
preventing deaths among infected people. Such evidence is in agree-
ment with previous works that also investigated the impact of
COVID-19 vaccination in different geographic regions. Liang et al.
used observational data from 90 countries and showed that the aver-
age CFR reduction approximated 7.6% for a 10% increase in vaccine
coverage. In Europe and Israel, vaccination efficacy in terms of pro-
tection against deaths was 72%.%” In the United States, COVID-19 vac-
cination saved an estimated 240,797 lives (95% CI, [200,665-
281 230]) in the course of the pandemic®® and was associated with
reductions in COVID-19 cases and deaths among older adults.* Over-
all, the currently available COVID-19 vaccines effectively prevent
severe complications and deaths from COVID-19 in all age groups.®

Our results shed new information on the topic by demonstrating
the impact of COVID-19 vaccination on fatality rates, considering the
differences in the age composition of infected cases. We posit that age
composition matters and is a potential explanation for differences in
CFRs among vaccinated and unvaccinated populations. For this reason,
we reinforce the importance of applying accurate methodologies for
reliable comparisons between these groups when evaluating the
impact of COVID-19 vaccination. This consideration is crucial for public
health measures. Ignoring the effects of age composition on CFRs can
generate misconceptions about the actual effectiveness of vaccination
in preventing fatal cases, thwart ongoing pandemic mitigation strate-
gies, and weaken local-level public health responses to protect the
most vulnerable groups from the adverse consequences of COVID-19.

We believe that our study is inherently important in that it cor-
roborates the importance of adopting public health policies to miti-
gate the pandemic that is rooted on sound analysis of vaccine
efficacy. However, we concede that our study has also some method-
ological limitations. The first one relates to the primary measure
employed in this research. The CFR might be underestimated because
of the time-lag bias associated with local COVID-19 case diagnosis
and reports. In addition, the CFR is also influenced by the underre-
porting of confirmed COVID-19 cases and deaths. We could not also
assess other confounding variables such as comorbidities, health
behaviors, and educational attainment through the database and
incorporate them into the final model. Such information is still
unavailable in the database. Despite these limitations, the CFR pro-
vides pertinent insight into disease outcomes between vaccinated
and unvaccinated populations, and how they are modified by age.

CONCLUSION

This paper reinforces the importance of vaccination as an essential
public health measure for reducing COVID-19 fatality rates. Our work
also informs and expands the existing literature by accurately assess-
ing differences in CFRs across vaccinated and unvaccinated popula-
tions. Such assessment is crucial to inform and determine
appropriate containment and mitigation interventions, such as physi-
cal distancing, wearing well-fitting masks, and avoiding crowds.?®
These actions can drive down fatality rates as vaccination rates
increase. In conclusion, we offer accurate methodologies to assess the
impact of vaccination on the COVID-19 pandemic, considering the
population's age composition. Such evidence can provide important
insights to monitor the spread of COVID-19 in cities in Brazil and
around the world.
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