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AbstrAct
Objective
To estimate the change in odds of covid-19 over time 
following primary series completion of the inactivated 
whole virus vaccine CoronaVac (Sinovac Biotech) in 
São Paulo State, Brazil.
Design
Test negative case-control study.
setting
Community testing for covid-19 in São Paulo State, 
Brazil.
ParticiPants
Adults aged ≥18 years who were residents of São 
Paulo state, had received two doses of CoronaVac, 
did not have a laboratory confirmed SARS-CoV-2 
infection before vaccination, and underwent reverse 
transcription polymerase chain reaction (RT-PCR) 
testing for SARS-CoV-2 from 17 January to 14 
December 2021. Cases were matched to test negative 
controls by age (in 5 year bands), municipality 
of residence, healthcare worker status, and 
epidemiological week of RT-PCR test.
Main OutcOMe Measures
RT-PCR confirmed symptomatic covid-19 and 
associated hospital admissions and deaths. 
Conditional logistic regression was adjusted for sex, 

number of covid-19 associated comorbidities, race, 
and previous acute respiratory illness.
results
From 202 741 eligible people, 52 170 cases with 
symptomatic covid-19 and 69 115 test negative 
controls with covid-19 symptoms were formed 
into 43 257 matched sets. Adjusted odds ratios of 
symptomatic covid-19 increased with time since 
completion of the vaccination series. The increase 
in odds was greater in younger people and among 
healthcare workers, although sensitivity analyses 
suggested that this was in part due to bias. In 
addition, the adjusted odds ratios of covid-19 related 
hospital admission or death significantly increased 
with time compared with the odds 14-41 days after 
series completion: from 1.25 (95% confidence interval 
1.04 to 1.51) at 70-97 days up to 1.94 (1.41 to 2.67) 
from 182 days onwards.
cOnclusiOns
Significant increases in the risk of moderate and 
severe covid-19 outcomes occurred three months after 
primary vaccination with CoronaVac among people 
aged 65 and older. These findings provide supportive 
evidence for the implementation of vaccine boosters 
in these populations who received this inactivated 
vaccine. Studies of waning should include analyses 
designed to uncover common biases.

Introduction
Since the authorization and licensing of the first 
covid-19 vaccines in late 2020, more than eight billion 
doses have been distributed worldwide,1 of which 
nearly two billion have been CoronaVac, an inactivated 
whole virus vaccine produced by the Chinese 
pharmaceutical company Sinovac.2 A key driver of 
future dynamics of covid-19, as well as public health 
policy, will be the durability of vaccine protection 
against infection and severe disease.

Following large scale vaccination campaigns in higher 
income countries, observational studies have found 
evidence for waning effectiveness of several covid-19 
vaccines against infection, symptomatic covid-19, and 
severe covid-19 associated outcomes.3-10 However, the 
smaller evidence base on the effectiveness over time of 
inactivated vaccines, such as CoronaVac,11 12 presents 
an urgent need given the reliance on these vaccines in 
dozens of lower and middle income countries in South 
and Central America, Africa, and Asia. Inactivated 
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vaccines elicit lower neutralizing antibody responses 
than do other vaccine platforms in the short and long 
term, reaching almost undetectable levels six months 
after completion of a two dose series.13 Observational 
studies of waning effectiveness may be subject to 
multiple sources of bias, including the differential 
build-up of immunity among unvaccinated people and 
association between time of vaccination and risk of 
covid-19 in risk prioritized vaccination campaigns.14 
These biases may result in overestimation of waning.

In this study, we used a well characterized, linked 
surveillance database in São Paulo State, Brazil,15-17 
to conduct a matched test negative case-control study 
among vaccinated people, with the aim of estimating 
a change in vaccine effectiveness over time following 
completion of the two dose schedule of CoronaVac.

Methods
study setting
The study setting and design have been described in 
detail elsewhere.15-17 We assembled individual level 
data on demographic and clinical characteristics, 
SARS-CoV-2 testing, and covid-19 vaccination from four 
databases: the São Paulo State laboratory testing registry 
(GAL), national surveillance databases covering acute 
respiratory illness (e-SUS) and severe acute respiratory 
illness (SIVEP-Gripe), and the São Paulo State vaccine 
registry (Vacina Já) covering all people vaccinated in São 
Paulo State. The surveillance databases include hospital 
admissions and all other health visits conducted through 
public and private health systems, and notification 
of SARS-CoV-2 test results and suspected covid-19 
cases, hospital admissions, and deaths is compulsory. 
We retrieved information from these databases on 10 
February 2022. The STROBE checklist is shown in 
supplementary table A.

study population and design
We conducted a test negative case-control study, 
including people with respiratory illness who received 
a reverse transcription polymerase chain reaction (RT-
PCR) test for SARS-CoV-2.18-20 The study population 
consisted of adults ≥18 years old who had a residential 
address in São Paulo State and had complete and 
consistent information between data sources on age, 
sex, residence, and vaccination and testing status and 
dates. Eligible cases (or controls) had a symptomatic 
illness, received a positive (or negative) RT-PCR test 
for SARS-CoV-2 during the study period of 17 January 
2021 to 14 December 2021 with a sample collection 
date within 10 days after symptom onset, received 
two doses of CoronaVac before sample collection, and 
did not have a positive RT-PCR test for SARS-CoV-2 
before vaccination. Each person could contribute up 
to four different negative tests as controls and could 
contribute as both controls and cases.

To control for predictors of the timing of vaccination 
and changes in infection risk and variant circulation 
over time and space, we matched cases to controls 
by week of RT-PCR testing, age (in 5 year bands), 
municipality of residence, and vaccination priority 

group (healthcare worker versus non-healthcare 
worker, which included older people, teachers, general 
population, etc). Details of the matching process are 
given in the supplementary methods.

Outcomes and covariates
We estimated the association between time from 
receipt of the second dose of CoronaVac vaccine to 
date of sample collection for RT-PCR and the odds of 
testing positive for SARS-CoV-2. We categorized this 
time in the following intervals: 0-13, 14-41 (selected 
as the reference group, when IgG seropositivity 
peaks21), 42-69, 70-97, 98-125, 126-153, 154-181, 
and ≥182 days. In this design, the odds ratio can 
estimate the relative risk for later compared with 
earlier vaccine recipients if transmission between 
the earliest and latest vaccination dates is limited, 
meaning that an odds ratio greater than one can be 
interpreted as evidence of lower effectiveness than 
during the reference period.14 22 In this context, when 
vaccination was conducted during a large epidemic, 
odds ratios will likely overestimate waning owing 
to accrual of immunity before vaccination in later 
vaccinees.

In addition, we estimated the association between 
days from second dose of vaccine until RT-PCR sample 
collection and the odds of severe covid-19 (covid-19 
associated hospital admission or covid-19 associated 
death and covid-19 associated death only). To do these 
analysis, we fitted the primary model to cases who had 
the outcome of interest and their matched controls.16 
Controls represented people with negative RT-PCR 
tests with a range of severity but were representative 
of the population with access to RT-PCR testing.23 We 
did analyses within subgroups defined by age (18-39, 
40-64, 65-79, and ≥80 years) and by priority status 
(healthcare worker versus non-healthcare worker). As 
misclassification of healthcare workers over the age of 
65 was possible, we restricted analysis of healthcare 
workers to people aged under 65 years.

We accounted for the following covariates as 
potential confounders: age as a linear term, sex, self-
reported skin color (pardo, preta, branca, amarela, 
and indigena24), previous acute respiratory illness 
(defined as at least one previous symptomatic event 
that was reported to surveillance systems between 1 
February 2020 and 16 January 2021), and number 
of covid-19 associated comorbidities documented 
at the time of the RT-PCR test (cardiovascular, renal, 
neurologic, hematologic, or hepatic comorbidities, 
diabetes, chronic respiratory disorder, obesity, or 
immunosuppression; categorized as none, one to two, 
and three or more).

statistical analysis
We used conditional logistic regression to estimate 
the association between days since vaccination and 
each outcome, accounting for the matched design 
and including potential confounders as additional 
covariates. We included a missing indicator for self-
reported race, as it was likely missing at random. To 
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determine whether evidence existed for interactions 
between age, healthcare worker status, and time since 
vaccination, we fitted an interaction between time 
since vaccination and age categories and then added 
an interaction with healthcare worker status, assessing 
the significance of each interaction with a likelihood 
ratio test (P<0.05). We used R, version 4.1.2, for all 
data processing and analyses.

sensitivity analyses
The test negative case-control design can have several 
biases, which could lead to spurious conclusions of 
waning effectiveness. Therefore, we did two sensitivity 
analyses to detect bias.

Even after adjustment for age and priority status, 
people vaccinated earlier may be at higher risk of RT-
PCR confirmed covid-19. This would lead to apparent 
waning as “early adopters,” at increased risk of SARS-
CoV-2 infection, would be over-represented in later 
time periods since vaccination. To identify differences 
in risk by calendar time of vaccination, we did a 
sensitivity analysis restricting the study population 
to people who received an RT-PCR test within 14-90 

days of receipt of their second dose, a period in which 
less waning is expected. We did the primary analysis 
with month of vaccination as the exposure variable. 
If changes in effectiveness were driven by “early 
adopters,” we would expect to observe elevated odds 
ratios in earlier months relative to later months. On 
the other hand, if changes in effectiveness were due to 
waning, we should observe little difference in odds of 
covid-19 by month of vaccination. We did the analyses 
by healthcare worker status subgroup.

Although we excluded people with a positive RT-
PCR test before vaccination, many infections will 
have been acquired without receipt of such a test. 
People vaccinated later may therefore have acquired 
infection and be less susceptible to reinfection, 
which could induce apparent waning. To reduce this 
depletion of susceptible people during the time period 
of vaccination among healthcare workers, we did the 
primary analysis on a population with an additional 
eligibility criterion that they should be healthcare 
workers who received the second dose in February 
2021. See supplementary methods for details of other 
sensitivity analyses.

Individuals who received SARS-CoV-2 RT-PCR test within 10 days of
acute respiratory illness, between 17 January and 14 December 2021

Excluded
Aged <18 or >120, or with discrepant age (5.9%)
Missing age, sex, or municipality of residence (<0.1%)
Missing or inconsistent vaccination dates (<0.1%)
Positive RT-PCR test before first vaccine dose (34.4%)

128 336
236

7361
751 395

Individuals in study population (59.4%)

Individuals as controls (62.0%)
(126 794 RT-PCR tests)

887 328

Excluded
Did not have RT-PCR test aer second dose
Had RT-PCR test aer non-CoronaVac vaccine
Had RT-PCR test aer receipt of third dose

970 844
115 727

9328

2 185 968

1 298 640

1 095 899

Individuals eligible for case/control selection from 17 January to 14 December 2021 (14.0%)
(204 137 RT-PCR tests)

202 741

Individuals selected into case-control sets (59.7%)
(121 785 RT-PCR tests)

121 096

125 718
Individuals as cases (38.0%)

(77 342 RT-PCR tests)

77 342

Individuals as cases not matched (32.5%)
(25 172 RT-PCR tests)

25 172
Individuals as controls not matched (45.0%)

(56 963 RT-PCR tests)

56 603

Fig 1 | Flowchart of study population and case and control selection. rt-Pcr=reverse transcription polymerase chain reaction
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Public and patient involvement
Members of the public or patients were not directly 
involved in setting the design of the study as this study 
used routine surveillance data sources. Nevertheless, 
the decision about outcomes and the interpretation of 
the results received inputs from the public community. 
No members of the public and patients were involved 
in writing up the results.

results
study setting
The second wave of covid-19 in São Paulo State 
peaked in March 2021, with substantial declines 
in transmission from June 2021. This decline is 
reflected in the decreased proportion of RT-PCR tests 
that were positive over time in the study population 
(supplementary figure A).

study population
Among 202 741 people with 204 137 RT-PCR tests 
eligible for selection as a case or control, 121 785 
RT-PCR tests from 121 096 people were matched into 
43 257 case-control sets for the primary analysis. In the 
study population, 1367 people were tested multiple 
times, with no individual receiving more than four RT-
PCR tests. A total of 487 people contributed multiple 
negative tests, and 187 people contributed a negative 
test and a positive test to the analysis population. 
Figure 1 shows the flowchart of enrollment, and figure 
2 shows the timing of vaccination by age group and 
healthcare worker status. Table 1 shows demographic 
and clinical characteristics for matched cases and 
controls. Most matched sets with discordant cases and 

controls (that is, with different time category since 
completion of primary series) were vaccinated close in 
time (supplementary table B).

change in odds of covid-19 over time since 
vaccination
The odds ratio of symptomatic covid-19 increased with 
time from vaccination, the pattern of which varied by age 
group (P<0.001) and healthcare worker status (P<0.001) 
(fig 3; supplementary table C). Among people aged ≥80 
years, those vaccinated 126-153 days before their test 
date had increased odds of covid-19 relative to those 
vaccinated 14-41 days before (odds ratio 1.58, 95% 
confidence interval 1.04 to 2.42), and the odds ratio was 
similar at later times. Overall, the odds ratio of covid-19 
associated with time since vaccination was of lower 
magnitude among 65-79 year olds, with a maximum 
odds ratio of 1.40 (1.05 to 1.86), and we saw no increase 
in odds over time among 40-64 year old non-healthcare 
workers. Among 18-39 year old non-healthcare workers, 
significantly increased odds of covid-19 infection began 
at 42-69 days (odds ratio 1.38, 1.24 to 1.54), increasing 
to 1.92 (1.43 to 2.58) at 154-181 days.

Among healthcare workers, increased odds of 
covid-19 infection began at 42-69 days among those 
aged 18-39 years (odds ratio 1.42, 1.24 to 1.61) and 
at 70-97 days among 40-64 year olds (1.31, 1.12 to 
1.53), and the odds ratio increased with time since 
vaccination (odds ratio from 182 days: 4.22 (3.39 
to 5.26) among 18-39 year old healthcare workers; 
2.62 (2.03 to 3.38) among 40-64 year old healthcare 
workers). The pattern was similar for 18-39 year old 
and 40-64 year old healthcare workers, with greater 
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increases among the younger age group. For both age 
groups, the increase in odds of covid-19 over time was 
greater among healthcare workers than non-healthcare 
workers (supplementary table C).

In all groups except those aged ≥80 years, people 
receiving their second dose between zero and 13 days 
before the RT-PCR test had significantly increased 
odds of covid-19, indicating that vaccine effectiveness 
within 13 days of the second dose was reduced. For 
those aged ≥80 years, the odds were not significantly 
increased (odds ratio 1.22, 0.91 to 1.63), possibly 
owing to lack of power in this age group.

change in odds of severe covid-19 outcomes over 
time since vaccination
Longer time from second dose was associated with 
increased odds of covid-19 related hospital admission 
or death, with a significant increase observed starting 
at 70-97 days (odds ratio 1.25, 1.04 to 1.51) (fig 4; 
supplementary table D), increasing to 1.94 (1.41 to 
2.67) after 182 days.

exploring sources of bias
We estimated the association between month of 
vaccination and covid-19 among recent vaccinees 

(sensitivity analysis 1, supplementary figure B). 
Among non-healthcare workers, the odds of covid-19 
was significantly lower among people vaccinated in 
May and from September to November, compared with 
April (odds ratios ranging from 0.31 to 0.83), but those 
vaccinated in February and March were at otherwise 
similar risk. On the other hand, early adopters among 
healthcare workers seemed to be at significantly higher 
risk of covid-19 than later adopters (for example, odds 
ratio comparing healthcare workers vaccinated in 
February with those vaccinated in April: 1.65, 1.36 to 
2.01).

Restricting the analysis to healthcare workers 
vaccinated in February (sensitivity analysis 2) led 
to a pattern of waning that was later in onset among 
40-64 year olds and lower in magnitude among 18-
39 year olds (supplementary figure C), albeit with 
lower precision. These analyses suggest that the 
waning observed in the primary analysis may be 
overestimated among healthcare workers in particular 
owing to depletion of susceptible healthcare workers 
between February and April, when most of them were 
vaccinated (fig 2).

vaccine effectiveness
We observed similar patterns of waning in the estimates 
of vaccine effectiveness against symptomatic covid-19 
(supplementary table E) and against covid-19 related 
hospital admission or death (supplementary table F). 
We note in particular that vaccine effectiveness after 
182 days was negative among 18-39 year olds and 
40-64 year olds, likely owing to healthcare workers 
being over-represented in these later time periods. 
Consequently, we observed a greater decrease in 
vaccine effectiveness over time in these age groups, 
compared with 65-79 and ≥80 year olds, consistent 
with our primary analysis. Finally, we saw a smaller 
decrease in vaccine effectiveness against severe 
disease, which was more similar across age groups. 
Other sensitivity analyses results returned similar 
results (supplementary figures D-H).

discussion
In this study, we found evidence of an increase 
in covid-19 disease and covid-19 related hospital 
admission over time since vaccination in people 
receiving two doses of CoronaVac in São Paulo State, 
Brazil, between February and December 2021. We 
observed a greater increase in the risk of covid-19 over 
time since vaccination in younger people and among 
healthcare workers, which is likely because of bias 
due to early vaccine recipients becoming infected and 
gaining immunity.

Given the results of our sensitivity analyses, our 
results could be interpreted as an upper bound on the 
degree of waning. For example, an odds ratio of 1.40 at 
≥182 days, as observed among 65-79 year olds, would 
translate to a maximum drop in vaccine effectiveness 
from 50% to 30% or from 40% to 16%. Similarly, 
an odds ratio of 1.94 at ≥182 days, as observed for 
covid-19 related hospital admission or death, would 

table 1 | Demographic and clinical characteristics of matched cases and controls. values 
are numbers (percentages) unless stated otherwise
characteristics controls (n=69 615) cases (n=52 170)
Mean (SD) age, years 52.01 (20.68) 56.24 (20.23)
Age group, years:
 18-39 26 463 (38.0) 15 074 (28.9)
 40-64 15 946 (22.9) 12 391 (23.8)
 65-79 22 579 (32.4) 20 007 (38.3)
 ≥80 4627 (6.6) 4698 (9.0)
Male sex 25 275 (36.3) 20 656 (39.6)
Race:
 Branca 36 047 (51.8) 28 768 (55.1)
 Pardo 14 791 (21.2) 8628 (16.5)
 Preta 3221 (4.6) 1904 (3.6)
 Yellow 662 (1.0) 524 (1.0)
 Indigena 12 (0.0) 14 (0.0)
 Missing 14 882 (21.4) 12 332 (23.6)
Healthcare worker 17 569 (25.2) 15 639 (30.0)
No of comorbidities:
 0 55 125 (79.2) 37 555 (72.0)
 1-2 13 571 (19.5) 13 396 (25.7)
 ≥3 919 (1.3) 1219 (2.3)
≥1 previous acute respiratory infection 1852 (2.7) 718 (1.4)
Days since second dose:
 0-13 6470 (9.3) 5614 (10.8)
 14-41 14 797 (21.2) 9628 (18.5)
 42-69 12 640 (18.1) 9342 (17.9)
 70-97 11 142 (16.0) 8159 (15.6)
 98-125 9405 (13.5) 7049 (13.5)
 126-153 6418 (9.2) 4969 (9.5)
 154-181 4762 (6.8) 3877 (7.4)
 ≥182 3981 (5.7) 3532 (6.8)
Mean (SD) interdose interval, days 25.88 (7.37) 24.83 (6.02)
Mean (SD) interval from second dose to PCR 
test, days 80.76 (56.10) 83.23 (57.85)
Mean (SD) interval from symptom onset to 
PCR test, days 3.12 (2.20) 3.78 (2.44)
Admitted to hospital 6862 (9.9) 10 345 (19.8)
Died 2106 (3.0) 4327 (8.3)
PCR=polymerase chain reaction; SD=standard deviation.
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translate to a maximum drop in vaccine effectiveness 
from 70% to 42% or from 60% to 22%.

Possible explanations for findings
The difference in magnitude of apparent waning by age 
(fig 3), with waning in all groups except those aged 40-
64 years, has several potential explanations. Immune 
response to vaccination is lower in older people,25  26 
particularly those above 80, which could lead to 
earlier waning when a protective threshold is crossed. 
Differences in the apparent magnitude could also be 
explained by differences in initial effectiveness, with 
greater waning among younger people for whom initial 
vaccine effectiveness was likely higher.16 Behavioral 
changes following vaccination, in particular relaxing 
of other risk mitigation practices or likelihood of 
getting tested on symptomatic illness, may occur in 

younger people. Finally, if exposures experienced 
by healthcare workers are generally associated 
with higher viral loads, such exposures could cause 
breakthrough infections earlier than low viral load 
exposures, by overcoming a higher concentration of 
circulating antibodies.27

The stark difference in patterns according to age 
and healthcare worker status should raise some 
concern about validity, and our sensitivity analyses 
uncovered potential overestimation of waning 
among the healthcare workers. We found suggestive 
evidence that healthcare workers vaccinated earlier 
were at higher risk of covid-19 and that infection of 
healthcare workers before vaccination may have led to 
overestimation of waning in this group. Our estimates 
in the older population, who also contributed most to 
the estimates of waning against severe disease, are 
likely less affected by bias owing to lower incidence 
in these age groups, as suggested by serologic data,28 
and better adherence to risk mitigation, as observed in 
other contexts.29 30

implications of findings
With these caveats in mind, these observed increases 
in covid-19 over time indicate a waning of vaccine 
effectiveness against moderate and severe outcomes 
in older age groups. Although the vaccine effectiveness 
in later time periods is uncertain, such a finding 
has important implications globally. Most doses of 
CoronaVac have been given to people in lower and 
middle income countries, and several countries, 
including Indonesia,31 Pakistan,32 and Hong Kong,33 
continue to recommend a primary series of CoronaVac. 

Days since second dose

O
dd

s 
ra

ti
o 

(9
5%

 C
I)

0-13 14-41 42-69 70-97 98-125 126-153 154-181 ≥182

1.5

2.0

3.0

2.5

1.0

Fig 4 | Odds ratio of polymerase chain reaction confirmed covid-19 related hospital 
admission or death for days since vaccination, relative to 14-41 days from vaccination

Days since second dose

65-79

O
dd

s 
ra

ti
o 

(9
5%

 C
I)

0-13 14-41 42-69 70-97 98-125 126-153 154-181 ≥182

Days since second dose

≥80

18-39

O
dd

s 
ra

ti
o 

(9
5%

 C
I)

3

5

7

1

3

5

7

1

40-64

Non-HCW
HCW

0-13 14-41 42-69 70-97 98-125 126-153 154-181 ≥182

Fig 3 | Odds ratio of symptomatic polymerase chain reaction confirmed covid-19 disease against days since vaccination, relative to 14-41 days from 
vaccination, by age group and healthcare worker (HcW) status



RESEARCH

the bmj | BMJ 2022;377:e070102 | doi: 10.1136/bmj-2022-070102 7

Current World Health Organization recommendations 
are for an extended primary series of CoronaVac for 
older and immunocompromised people only,37 and our 
analysis suggests that a booster dose, if effective, would 
also benefit people aged ≥65 years who have received 
a two dose series. Additional analyses are needed 
to determine the effectiveness of heterologous and 
homologous booster doses by time of administration. 
For individual patients, our results can provide doctors 
with evidence to encourage maintenance of other risk 
mitigation practices among vaccinated people.

These findings will likely remain relevant in 
the context of the omicron variant, as waning of 
effectiveness independent of changing variant 
prevalence will continue to dictate epidemic dynamics 
and guide vaccination policy. An assumption that 
inactivated vaccines will remain a key tool even as new 
variants emerge is reasonable, so gathering evidence 
for the effectiveness of inactivated vaccines in these 
contexts is critical.

Other observational studies, which can all be 
affected by depletion of susceptibles bias, have found 
evidence of waning effectiveness across age groups.5 7 9 
Mizrahi and colleagues found an increased incidence 
rate of breakthrough infections among early vaccinees 
compared with late vaccinees, concluding that this 
provided evidence of waning.4 A similar case-control 
study conducted in Israel among people who received 
two doses of BNT162b2 (Pfizer-BioNTech) found a 
greater than twofold increase in odds of covid-19 
starting at 90 days following BNT162b2 series 
completion, with the largest increases in the 40-59 
year age group.8

strengths and limitations of study
A major strength of this study is our ability to distinguish 
people vaccinated as healthcare workers from those 
vaccinated under some other priority group. Given the 
strong associations between healthcare worker status, 
age, vaccine timing, and risk of SARS-CoV-2 infection, 
studies of waning effectiveness must account for the 
presence of healthcare workers. Previous studies have 
done so by restricting to healthcare workers,6 adjusting 
for healthcare worker status,7 or using frequency 
of previous PCR testing as a proxy for occupational 
exposure,3 4 whereas other observational studies 
of vaccine effectiveness have excluded healthcare 
workers.35 36 Current and future studies of vaccine 
effectiveness must be designed to overcome bias 
introduced by healthcare workers and other people 
at high risk who are prioritized for vaccination, and 
preferably to examine patterns within risk groups.

Our study has several limitations. We did not have 
data on the SARS-CoV-2 variant for each case included 
in the study. Therefore, some of the patterns observed 
may result from changes in the dominant variant from 
gamma to delta. Our sensitivity analysis including 
only the period dominated by the delta variant was 
underpowered but also found evidence of waning. 
The analysis of hospital admission or death used test 
negative controls from all settings, who may have 

differential access to healthcare compared with cases 
needing hospital admission; thus, changes in the 
relation between healthcare access and vaccination 
over time may have led to bias. We evaluated healthcare 
workers separately as we suspected that they might 
have different exposure risks compared with non-
healthcare workers; we could not account for potential 
changes in use of personal protective equipment or 
other risk mitigation factors over time, or attribute 
risk to healthcare versus other settings. Our sensitivity 
analyses suggested bias but were unable to fully correct 
for it. For example, we found evidence suggesting that 
healthcare workers vaccinated earlier were at higher 
risk of covid-19. However, waning of humoral immune 
response has been observed on this timescale,21 so the 
extent to which increased risk of SARS-CoV-2 infection 
among early vaccine recipients contributes to apparent 
waning remains unclear. Finally, even within non-
healthcare workers, CoronaVac was available only to 
certain high risk groups before May, leading to over-
representation of people at higher risk and increased 
odds of covid-19 in later time periods.

conclusion
We have provided evidence that moderate and severe 
covid-19 outcomes increased over time following 
completion of a primary series of CoronaVac in older 
people, and we have suggested sensitivity analyses 
that could be conducted to understand bias in 
observational studies such as this.
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