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Effectiveness of BBIBP-CorV vaccine against severe
outcomes of COVID-19 in Abu Dhabi, United Arab
Emirates
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The effectiveness of the inactivated BBIBP-CorV vaccine against severe COVID-19 outcomes
(hospitalization, critical care admission and death due to COVID-19) and its long-term
effectiveness have not been well characterized among the general population. We conducted
a retrospective cohort study using electronic health records of 3,147,869 adults, of which
1,099,886 vaccinated individuals were matched, in a 1:1 ratio to 1,099,886 unvaccinated
persons. A Cox-proportional hazard model with time varying coefficients was used to assess
the vaccine effectiveness adjusting for age, sex, comorbidity, ethnicity, and the calendar
month of entry into the study. Our analysis showed that the effectiveness was 79.6% (95%
Cl, 77.7 to 81.3) against hospitalization, 86% (95% Cl, 82.2 to 89.0) against critical care
admission, and 84.1% (95% CI, 70.8 to 91.3) against death due to COVID-19. The effec-
tiveness against these severe outcomes declined over time indicating the need for booster
doses to increase protection against severe COVID-19 outcomes.
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he coronavirus disease 2019 (COVID-19) pandemic,

caused by the SARS-CoV-2 virus, as of May 2022 has

caused over 6.2 million deaths globally!. Vaccination
programs against COVID-19 infection have been enthusiastically
embraced by most countries, with more than 11.6 billion vacci-
nation doses administered to date worldwide?. Although several
COVID-19 vaccines are in large-scale administration throughout
the world, studies are required to understand real world vaccine
effectiveness, which is likely to differ from vaccine efficacy
reported in controlled clinical trials. Hospital and community-
based studies reflecting real world evidence of COVID-19 vaccine
effectiveness have been published on several vaccines>=>. In
England, a test negative case control study of an elderly popula-
tion demonstrated that a single dose of either the BNT162b2
mRNA (Pfizer BioNTech) or ChAdOx1 (AstraZeneca) vaccine
was around 80% effective in preventing COVID-19 hospital
admission3. In Scotland, an interim study conducted after one
dose of BNT162b2 mRNA or ChAdOx1 vaccine noted that the
vaccine effectiveness in preventing hospital admission was 91%
and 88%, respectively*. In Israel, the BNT162b2 mRNA vaccine
was reported to be 97% effective in preventing hospital and cri-
tical care admissions for a period of 4 months°.

The United Arab Emirates (UAE), in collaboration with China
National Biotec Group Company Limited, Beijing, was the first
country to commence a phase III trial for an inactivated SARS-
CoV-2 BBIBP-CorV (Sinopharm) vaccine in one of the largest
COVID-19 vaccine trials conducted to date®. The BBIBP-CorV
vaccine was developed from the HB02 strain of SARS-CoV-2
virus, which was purified and passaged into Vero cells to generate
the stock for vaccine production. The virus was then inactivated
by beta-propiolactone and mixed with an aluminum-based
adjuvant’. The phase III trial concluded that the recommended
two doses of BBIBP-CorV vaccine, given at a three-week interval,
was 78% effective in preventing symptomatic COVID-19
infections®. Based on these results, the UAE government
authorized emergency approval of the BBIBP-CorV vaccine for
frontline workers in September 2020 and for public use in
December 2020°. The World Health Organization also approved
the vaccine for emergency use globally!'?. The UAE has one of the
highest COVID-19 vaccination rates worldwide, with over 24.6
million doses administered, and more than 97% of the adult
population fully vaccinated against SARS-CoV-2 infection!!.

A number of studies are now reporting a reduction in vaccine
effectiveness against COVID-19 infections over time!213. A ret-
rospective cohort study conducted in the United States noted that
the effectiveness against infection declined from 88% during the
first month after complete vaccination with the BNT162b2
mRNA vaccine to 47% at five months post-vaccination!2,
Another study in Qatar showed the effectiveness of the same
vaccine against SARS-CoV-2 infections declined gradually, with
an accelerated decline after the fourth month, resulting in
approximately 20% protection at five to seven months post-
vaccination. Nevertheless, the effectiveness remained at nearly
96% in preventing hospitalization and death at six months post-
vaccination!3. A recent study from the UAE on the inactivated
BBIBP-CorV vaccine showed that the effectiveness against severe
outcomes of COVID-19 was 80%, 92% and 97% against hospi-
talization, critical care admission, and death respectively!4.
Another study from Morocco on long-term effectiveness of the
inactivated BBIBP-CorV vaccine showed that the effectiveness
declined from 88% to 64% in six months post-vaccination!®. The
waning effectiveness of vaccines might be due to the fact that the
anti-spike protein and other neutralizing antibody titers reduce
over time after vaccination, but the emergence of newer variants
may also contribute to the reduction in vaccine effectiveness!®17.

This study was conducted to evaluate the real-world effec-
tiveness of two doses of the inactivated BBIBP-CorV vaccine in
preventing severe COVID-19 outcomes, including hospital
admissions, admissions to critical care, and COVID-19 related
deaths over a period of three months in the emirate of Abu
Dhabi, UAE, and to assess the decline in the vaccine effectiveness
over time against each of the studied COVID-19 outcomes.

Results

Study population and matching. A total of 1,832,583 vaccinated
individuals who received two doses of inactivated BBIBP-CorV
vaccine and completed their second dose prior to July 1st, 2021,
and 1,315,286 unvaccinated controls who did not receive any
dose of this or any other vaccine prior to July 1st, 2021, were
retrieved from the database. Rolling Entry Matching procedure
was employed and resulted in matching 1,153,515 vaccinated
individuals in a 1:1 ratio to 1,153,515 unvaccinated controls
according to age, sex, ethnicity, comorbidities and the date of
entry into the study.

Among the 1,153,515 matched vaccinated individuals, 2356
(0.20%) were excluded, along with their matched controls,
because they received their second dose less than two weeks
after the first dose. Of the remaining matched individuals, 12,848
(5709 vaccinated and 7139 unvaccinated individuals correspond-
ing to 12661 unique matched pairs) had COVID-19 hospitaliza-
tion prior to their baseline dates. These participants, along with
their corresponding matched individuals, were also excluded. Of
the remaining matched controls, 38,612 (3.35%) were vaccinated
during their follow-up period and were also excluded from the
primary analysis, along with their matched vaccinated indivi-
duals, resulting in a total of 2,199,772 individuals (1,099,886
vaccinated and 1,099,886 unvaccinated matched controls) used in
the primary analysis. In a sensitivity analysis, these unvaccinated
controls with post-baseline vaccination were re-included, along
with their matched vaccinated individuals, resulting in a total of
2,276,996 individuals (1,138,498 vaccinated and 1,138,498
unvaccinated matched controls) (Fig. 1- Flowchart).

Demographic and clinical characteristics at baseline. Table 1
shows the baseline demographic and clinical characteristics of the
2,199,772 matched individuals (vaccinated versus unvaccinated)
that were included in the analysis. The median age for vaccinated
individuals was 35 years compared to 34 years for their matched
non-vaccinated controls. The same proportion of females (36%)
was observed in both vaccinated and matched unvaccinated
individuals. Vaccinated individuals comprised 3.8% of people
older than 60 years old, compared to 5.6% of their matched
unvaccinated controls. The distribution of the other demo-
graphics and clinical features, including comorbidities, did not
differ substantially between the two groups.

Overall effectiveness. During the follow-up period of three
months, there were 3505 COVID-19 related hospitalizations
(2889 in unvaccinated compared to 616 in vaccinated), 653 cri-
tical care admissions (574 in unvaccinated compared to 79 in
vaccinated), and 99 deaths (87 in unvaccinated versus 12 in
vaccinated) documented. Cumulative incidence functions, along
with the incidence rate of the three COVID-19 outcomes, are
displayed in Fig. 2. Furthermore, the frequency of COVID-19
outcomes according to different risk factors and vaccine status is
provided in supplementary material (Supplementary Table 1).
Adjusted hazard ratios, with their corresponding 95% CIs
using the Cox proportional-hazards model, were estimated for the
three COVID-19 outcomes (Supplementary Table 2). The
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Fig. 1 Flowchart of study population and matching process. *Were not matched. **Vaccinated individuals with the interval between 1st and 2nd dose less
than 2 weeks. Their corresponding matched unvaccinated individuals were also excluded. ***Individuals (Vaccinated & Unvaccinated) who had hospital
admission prior to their baseline dates. Their corresponding matched individuals (Vaccinated & Unvaccinated) were also excluded. ****Unvaccinated

individuals who received their first dose of the vaccine during their follow-up period (i.e. after their baseline date). Their corresponding matched vaccinated

individuals were also excluded.

estimated adjusted vaccine effectiveness at three months post
complete vaccination was 79.6% (95% CI, 77.7-81.3, P<0.001)
against COVID-19 related hospitalization, 86% (95% CI,
82.2-89.0, P<0.001) against critical care admission, and 84.1%
(95% CI, 70.8-91.3, P<0.001) against death. The results of the
sensitivity analysis, which includes unvaccinated controls who
had at least one dose of the vaccine during their follow-up period
showed similar results for effectiveness against hospitalization
(77.4%, 95% CI 75.4-79.3, P<0.001), critical care admission
(84.3%, 95% CI 80.3-87.5, P<0.001) and death (84.2%, 95% CI
70.9-91.4, P <0.001)). Complete details of the sensitivity analysis
are presented in the supplementary material (Supplementary
Tables 5, 6 and 7).

Effectiveness according to different risk factors. Adjusted vac-
cine effectiveness at three months post-vaccination was also cal-
culated according to different risk factors. This was done by
adding an interaction term between vaccination status and each
of the risk factors when modeling each outcome. For hospital
admission, we found significant interactions with age, sex,
comorbidity, and the month of study entry. Significant interac-
tions with sex, comorbidity, and the month of study entry were
observed for critical care admission, whereas mortality due to
COVID-19 had significant interactions with comorbidity and the
month of study entry only. Vaccine effectiveness against COVID-
19 hospitalization was observed to be higher in females (82.3%,
95% CI 80.0-84.3) compared to males (p <0.001), in individuals
less than 60 years old (84.7%, 95% CI 82.7-86.4) compared to

those above 60 years of age (p<0.001). Vaccine effectiveness
among individuals with comorbidities was higher (83.5%, 95% CI
81.6-85.3) compared to individuals without any associated
comorbid conditions (p < 0.001). We also observed higher vaccine
effectiveness during the months of October through December
2020 (97.5%, 95% CI 95.9-98.4) compared to the months between
January 2021 and July 2021 (p<0.001) (Table 2). Vaccine
effectiveness was highest against critical care admission among
males than females (89.3%, 95% CI 85-92.5, P <0.001), in those
with comorbidities compared to those without comorbidities
(88.7%, 95% CI, 84.8-91.6, P < 0.001), and during the months of
October through December 2020 compared to the period between
January 2021 to July 2021 (98.8%, 95% CI, 95.3-99.7, P < 0.001)
(Table 2). Vaccine effectiveness against death was modified by
comorbidity and the month of study entry with highest level
observed for patients with comorbidity (97.1%, 95% CI,
93.5-98.7, P <0.001), and during the months of October through
December 2020 (99.9%, 95% CI, 99.8-100, P <0.001) (Table 2).
The sensitivity analysis yielded similar results (Supplementary
Tables 8 and 9).

The waning of effectiveness. To investigate the waning in vac-
cine effectiveness over time against each of the COVID-19 out-
comes, we assessed the vaccine effectiveness at every month post-
vaccination over an extended follow-up period of about twelve
months up to 30th of September 2021. The vaccine effectiveness
against COVID-19 hospitalizations decreased with increased
duration of follow-up from the date of complete vaccination
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Characteristics Overall (n=2,199,772)

Table 1 Demographic and Clinical Characteristics of the study participants at baseline.

Non-vaccinated (n = 1,099,886) Vaccinated (n =1,099,886)

Median age (IQR) 35 (28-43)

34 (28-43) 35 (29-43)

Age group n (%)
Less than 40 years
40-60 years
More than 60 years
Sex n (%)
Female
Male
Ethnicity n (%)
Arab
Asian
Other
Comorbidities n (%)
Asthma
Chronic kidney disease
Diabetes
Heart disease
Hypertension
Immunodeficiencies
Neoplasms
Respiratory diseases
History of transplantation
Comorbidities n (%)
No comorbidity
One comorbidity
2 or more comorbidities
Months of observation n (%)
Oct-Dec 2020
Jan-April 2021
May-July 2021
Month of observation n (%)
October 2020
November 2020
December 2020
January 2021
February 2021
March 2021
April 2021
May 2021
June 2021
July 2021

1,447,391 (66)
648,813 (29)
103,568 (4.7)

798,999 (36)
1,400,773 (64)

760,211 (35)
1,209,118 (55)
230,443 (10)

25,581 (1.2)
17,321 (0.8)
83,583 (3.8)
13,934 (0.6)
47,841 (2.2)
2641 (0.1
19,356 (0.9)
3542 (0.2)
1308 (<0.1)

2,076,268 (94)
70,096 (3.2)
53,408 (2.4)

131,850 (6.0)
1,774,370 (81)
293,552 (13)

1238 (<0.1)
64,340 (2.9)
66,272 (3.0)
247,616 (11)
801,792 (36)

392,396 (18)
115,710 (5.3)
216,856 (9.9)
192,334 (8.7)
101,218 (4.6)

728,893 (66)
309,459 (28)
61,534 (5.6)

397,981 (36)
701,905 (64)

375,887 (34)
605,694 (55)
118,305 (11)

1,412 (1.0)
8055 (0.7)
40,112 (3.6)
6433 (0.6)
22,812 (2.1
1271 (0.1
9525 (0.9)
1680 (0.2)
656 (<0.1)

1,044,356 (95)
29,750 (2.7)
25,780 (2.3)

65,925 (6.0)
887,185 (81)
146,776 (13)

619 (<0.1)
32,170 (2.9)
33,136 (3.0)

123,808 (1)

400,896 (36)
196,198 (18)
57,855 (5.3)
108,428 (9.9)
96,167 (8.7)
50,609 (4.6)

718,498 (65)
339,354 (3D
42,034 (3.8)

401,018 (36)
698,868 (64)

384,324 (35)
603,424 (55)
112,138 (10)

14,169 (1.3)
9266 (0.8)
43,471 (4.0)
7501 (0.7)
25,029 (2.3)
1370 (0.1
9831 (0.9)
1862 (0.2)
652 (<0.1)

1,031,912 (94)
40,346 (3.7)
27,628 (2.5)

65,925 (6.0)
887,185 (81)
146,776 (13)

619 (<0.1)
32,170 (2.9)
33,136 (3.0)

123,808 (11)

400,896 (36)
196,198 (18)
57,855 (5.3)
108,428 (9.9)
96,167 (8.7)
50,609 (4.6)

Details of ethnicities included in the other group are listed in Supplementary Table 11.

(14 days after second dose). The effectiveness against COVID-19
hospitalization declined from 82.8% (95% CI, 80.5-84.8) at two
months after complete vaccination to 62.1% (95% CI 60.2-64.0)
at 6 months after complete vaccination. While there was gradual
decline in the vaccine effectiveness against COVID-19 hospitali-
zation from two to six months post-vaccination, no further
decline was noticed from seven to twelve months post-
vaccination. Waning of protection was also observed in critical
care admission; however, the decline was smaller in comparison
to the decline in effectiveness against hospitalization, with an
observed effectiveness of 85.7% (95% CI, 80.3-89.6) at two
months after complete vaccination to 72.8% (95% CI, 68.8-76.3)
at six months post complete vaccination, without further decline
from seven to twelve months post-vaccination. The vaccine
effectiveness against mortality due to COVID-19 remained above
80% throughout and did not show significant decline over the 12-
month follow-up period (Fig. 3).

Discussion
This study provides estimates of the effectiveness of the inacti-
vated BBIBP-CorV (Sinopharm) vaccine for the prevention of

COVID-19-related hospitalization, critical care admission, and
death in a large population in the emirate of Abu Dhabi. Our
study found that two doses of inactivated BBIBP-CorV vaccine
were 79.6%, 86%, and 84.1% effective in preventing COVID-19-
related hospitalization, critical care admission, and death,
respectively. The effectiveness against critical care admissions and
death was lower in our study compared to a recently published
study in the UAE on BBIBP-CorV vaccine, which included a
smaller sample size and a shorter follow-up duration. Further, the
inclusion of only patients who had COVID-19 infection may have
over-estimated the vaccine effectiveness!.

Our findings showed lower effectiveness than those reported in
the secondary analysis of the phase III trial, which showed 100%
efficacy against severe COVID-19 cases, which included a com-
posite of severe cases and death8. This might be due to the fact
that our study represents real world data including high risk
populations, with a longer follow-up period, compared to median
follow-up of 77 days in the phase III trial. The emergence of
newer variants of concern of SARS-CoV-2 virus during this study
period, which have been shown to escape vaccine-induced anti-
bodies, may have also contributed to the lower effectiveness!”.
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Fig. 2 Cumulative incidence of severe outcomes of COVID-19. The blue curve represents vaccinated subjects and the red curve represents unvaccinated
individuals. The error bands represent the 95% confidence intervals. The No. at Risk table in each plot represents the number of participants at risk for the
outcome at given follow-up times. A The cumulative incidence curve of hospitalization. B The cumulative incidence curve of critical care admission. € The
cumulative incidence curve of death.

Table 2 Effectiveness of the Vaccine in Preventing Severe COVID-19 Outcomes stratified according to different risk factors.

Risk factor Hospitalization Critical care admission Death
Effectiveness (%) p value Effectiveness (%) p value Effectiveness (%) p value
(95% CI) (95% CI) (95% CI)
Months <0.001 <0.001 <0.001
Oct-Dec 2020 (wild- 97.5 (95.9, 98.4) 98.8 (95.3, 99.7) 100 (100, 100)
type virus)
Jan-April 202 (alpha 75.9 (73.4, 78.1) 81.2 (75.6, 85.5) 81.9 (66.8, 90.1)
variant)
May-July 2021 (delta 41.8 (22.9, 56.0) 60.1 (9.4, 82.4) 62.7 (31.7, 79.6)
variant)
Comorbidity <0.001 0.004 <0.001
Without any comorbidity  68.7 (63.9, 72.9) 76.4 (64.5, 84.3) 60.7 (12.2, 82.4)
With one or more 83.5 (81.6, 85.3) 88.7 (84.8, 91.6) 97.1 (93.5, 98.7)
comorbidities
Ethnicity 0.58 0.65 0.51
Arab 79.3 (77, 81.3) 85.5 (80.8, 89.1) 85.6 (711, 92.8)
Non-Arab 80.4 (76.7, 83.6) 87.1(79.9, 91.7) 76.9 (20.5, 93.3)
Age group <0.001 0.61 0.24
<60 years 84.7 (82.7, 86.4) 86.7 (81.8, 90.3) 92.3 (67.2,98.2)
>60 years 68.4 (63.9, 72.3) 85 (78.3, 89.6) 80.1 (61.1, 89.8)
Gender 0.0003 0.0155 0.24
Female 82.3 (80, 84.3) 80.8 (73.1, 86.2) 77 (47.9, 89.8)
Male 75.5 (72.2, 78.5) 89.3 (85, 92.5) 88.9 (72.1, 95.6)

P values shown are for testing the interaction between each risk factor and vaccine status. Only statistically significant interactions (shown in bold) can be interpreted as significant subgroup differences.
P<0.05 are considered statistically significant.
P values were calculated using two-sided tests with no adjustment for multiple comparisons, and were computed using the Wald test on the interaction term in the Cox proportional hazard model. Non-
Arab population includes Asian and other ethnicity groups as listed in Supplementary Table 11. CI Confidence Interval.

Using the Cox proportional hazard model with interaction
terms, we analyzed the effectiveness according to age group, sex,
comorbidities, ethnicity, and the month of observation. We found
that vaccine effectiveness against hospitalization declined with
age, as confirmed by reduced vaccine protection in the older age
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group (260 years), when compared to the younger study popu-
lation. These findings are supported by other studies, which
reported an inverse relationship between COVID-19 vaccine
effectiveness and age!®20. Our reported vaccine effectiveness
against hospitalization in the older age group is likely to be
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Fig. 3 Decline in vaccine effectiveness over 12 months of follow up. Vaccine effectiveness estimated at increasing follow-up periods using the Cox
proportional hazard regression model. The red, green and blue curves indicate hospitalization, critical care admission and death respectively. Error bars
represent the 95% confidence intervals of the true effectiveness, n= 2,199,772 individuals (1,099,886 vaccinated and 1,099,866 unvaccinated matched
controls). A Effectiveness estimated without adjustment. B Effectiveness estimated adjusting for age, sex, presence of comorbidity, ethnicity, and the

calendar month of entry into the study.

underestimated as UAE regulations mandated the hospitalization
of all patients above the age of 65 years with positive RT-qPCR
(Reverse Transcription Quantitative real-time PCR) test for
SARS-CoV-2, irrespective of vaccination status as a proactive
measure to prevent severe complications in this vulnerable
population?!. Since 40% of hospitalizations in our study occurred
in patients >60-years of age, this result needs cautious inter-
pretation. The difference between the two age groups in terms of
vaccine effectiveness against critical care admission and death
were not statistically significant.

With regard to sex, our study showed that the vaccine is more
effective in preventing hospitalization in females (82.3%), as
compared to males (74.5%), which is supported by another study
on inactivated CoronaVac vaccine?2. Yet, males were more pro-
tected against critical care admission. No significant sex differ-
ences in mortality were found.

While many studies have reported reduced vaccine effective-
ness among people with comorbidities!”»?%, our study found
augmented vaccine effectiveness against hospitalization, critical
care admission and death in people with comorbidities, when
compared to those without comorbidities. This might be
explained by the high risk of hospitalization among unvaccinated
individuals with comorbidities, when compared to the sig-
nificantly lower risk in unvaccinated individuals without
comorbidities. As such, there was greater reduction in the risk
after vaccination in individuals with comorbidities compared to
those without comorbidities, and thereby increased vaccine
effectiveness, in the population with comorbidities.

There were fewer deaths in our population, when compared to
other studies. This may be due to the proactive measures taken in
Abu Dhabi, including the hospitalization of all high-risk patients,

irrespective of symptom severity or health insurance status. In
addition, all patients with COVID-19 infection received stan-
dardized treatment in dedicated COVID-19 hospitals.

It is notable that vaccine effectiveness against all COVID-19
outcomes was high during the months of October to December
2020, likely because the emergency use authorization vaccination
rollout for frontline workers in the UAE started in September
2020, and this time period preceded the emergence and circulation
of variants of concern®. As vaccine effectiveness was measured in
three-month intervals to control for waning effectiveness over
time, the reduction in vaccine effectiveness during the months of
January to June 2021 is likely due to the emergence of novel
variants of the SARS-CoV-2 virus, some of which had increased
transmissibility, infectivity, morbidity, and mortality!”2. During
this time period, the alpha and delta variants of SARS-CoV-2 were
the most prevalent circulating strains in the UAE?3:24,

The twelve months follow-up revealed that the effectiveness of
the vaccine started to decline after three months, and that the
effectiveness against critical care admissions dropped below 75%
after six months. Similar results were reported from another
study that observed the long-term effectiveness of BBIBP-CorV
vaccine to decline from 88% to 64% in six months!®. Other
studies also demonstrated a gradual waning of the immune
response and vaccine effectiveness within months after vaccina-
tion with the BNT162b2 vaccine!®162>. This decline in effec-
tiveness over time is likely explained by the viral evasion of
vaccine induced immune response through antigenic changes in
newer variants of the SARS-CoV-2 virus, as well as the decline in
antibody levels that are evident from studies which have shown a
reduction in anti-S antibodies three weeks after the second dose
of vaccination?®. These findings provide a good rationale for the
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administration of booster doses in preventing severe outcomes of
COVID-19, although the primary vaccine series still appears
effective in reducing mortality.

Our study has several strengths. First, the study included a large,
comprehensive data set, which covers the entire population of Abu
Dhabi, the largest emirate of the UAE. Second, the data was
matched for age, sex, comorbidities, ethnicity, and the month of
observation, in order to standardize the comparison and to avoid
potential confounding factors. Third, the data we used provided a
long follow-up period reaching almost 12 months. These allowed
us to estimate, with great precision, the overall effectiveness, the
effectiveness across different risk factors and the waning of effec-
tiveness over time. Furthermore, we measured vaccine effectiveness
according to three-month intervals (October-December 2020,
January—-April 2021, and May-July 2021). In each interval parti-
cipants were follow-up for a maximum of three months. This
allowed us to control for waning of effectiveness over time and to
study the impact of variants of concern on effectiveness. This was
possible because each three-month interval did correspond to
specific predominant variants (the wild-type virus was pre-
dominant in October-December 2020, the alpha variant was pre-
dominant in January-April 2021 and delta was predominant in
May-July 2021) [Unpublished data for the Abu Dhabi Public
Health Center, Department of Health, Abu Dhabi, UAE].

Limitations of our study include looking only at hospitaliza-
tion, critical care admission, and death as outcomes. We did not
estimate the effectiveness of the vaccine against other outcomes,
such as symptomatic infections or organ injury. Furthermore, we
adjusted for factors, such as age, sex, ethnicity, comorbidities, and
the month of entry into the study, but we did not account for
other factors that may have influenced the outcomes such as
obesity, smoking and occupation. Another limitation of our study
is though the decline in vaccine effectiveness over time were
analyzed we could not rule out the effect of the changes in the
circulating variants on the waning of vaccine effectiveness over
months. Finally, we did not include infections due to COVID-19
as one of the outcomes, primarily because the UAE has one of the
highest per capita screening programs for COVID-19 worldwide.
For public health relevance, we primarily investigated the severe
and hospitalized COVID-19 cases, which are a better indicator of
vaccine effectiveness.

We would like to conclude that the inactivated BBIBP-CorV
(Sinopharm) vaccine was effective in preventing and reducing
COVID-19 related hospitalizations and critical care admissions,
as well as mortality. These findings also provide insights on the
impact of risk factors on vaccine effectiveness. Our data further
confirm the need for booster doses to increase protection against
severe COVID-19 outcomes and highlight the necessity of con-
tinued monitoring of vaccine effectiveness over time to inform

policy.

Methods

Study population and design. We conducted a retrospective cohort study of
individuals 18 years of age or older residing in Abu Dhabi, the capital emirate of
the UAE. Clinical, demographic, and vaccination data of all subjects were extracted
from the Abu Dhabi Health Services Company (SEHA) electronic health database
and the Abu Dhabi health information exchange platform (Malaffi), which is a
centralized electronic database of patient health information. SEHA is Abu Dhabi’s
largest health services provider, which operates all public hospitals and clinics in
the emirate of Abu Dhabi. SEHA provides vaccination against COVID-19 to all
residents of the UAE, manages vaccine-related complications, and operates all
COVID-19 dedicated hospitals in Abu Dhabi.

The data on variables of interest was extracted retrospectively from the
electronic medical records using Cerner Millennium software (Version 3.30), for
both vaccinated and unvaccinated groups. All data within Cerner Millennium was
recorded by clinicians during episodes of care, validated and signed/co-signed. The
data extraction process was performed by two clinical analysists using the Discern
Analytics 2.0 module in Cerner Millennium, in which the Cerner Command
Language (CCL) was used to execute commands and retrieve the data. Five sets of

raw data with different variables were extracted to Microsoft Excel 16.0. These
extracts were identified by the clinical analysts based on the availability of data
elements required to proceed with the analysis: Hospitalization, Risk Factors,
Mortality, Critical Care units’ admissions and Vaccination status. Manual
validation steps against the electronic medical charts were conducted to ensure the
data quality and a unique patient identifier used to link the five data sets in Power
Bi Desktop (2.95.804.0) to produce the final spreadsheet that was analyzed.

The study population included both male and female individuals who are 18
years of age and above, residing in the UAE, vaccinated with BBIBP-CorV
(Sinopharm) vaccine or not having received any vaccination against COVID-19.

This study was approved by the Institutional Review Board of the Department
of Health, Abu Dhabi. Approval number: DOH/CVDC/2021/658. The review
board waived the requirement for individual informed consent. All investigators
had access to only anonymized patient information.

Outcomes and covariates. Vaccine effectiveness was investigated for three
COVID-19 outcomes: hospitalization due to COVID-19, admission to the critical
care unit due to COVID-19, and COVID-19-related death. Each study participant
was followed for a period of three months from the date of entry (baseline date)
into the study. The baseline date is defined as 14 days after the receipt of the second
dose of vaccination for a vaccinated individual and his/her corresponding matched
unvaccinated control. Vaccine effectiveness estimation was adjusted for several
covariates, including age, sex, comorbidity, ethnicity, and the calendar month of
entry into the study. The calendar month was divided into three groups for analysis
from October 2020 to December 2020, January 2021 to April 2021, and May 2021
to July 2021. The calendar month of entry into the study was considered to be a
critical factor and was adjusted for in our analysis, as the hazard varied over time
due to changes in the rate of vaccination, newer treatment interventions, and the
emergence of various SARS-CoV-2 variants of concern over the study period from
October 2020 to September 2021.

Statistical analysis. Baseline characteristics were summarized using descriptive
statistics, including mean and standard deviation (SD) for continuous measures
and frequency tables for categorical variables. We compared categorical variables
using the Chi-squared or Fisher’s exact tests, and continuous variables using the
unpaired f test or its non-parametric equivalent (Wilcoxon rank sum test) in case
the normality assumption was violated.

The matching procedure. Each vaccinated individual was matched to an unvac-
cinated control in 1:1 ratio using the Rolling Entry Matching (REM)?”. Vaccinated
subjects represent all individuals who completed their second dose of the vaccine
prior to July 1st, 2021, and unvaccinated subjects were defined as individuals who
did not receive any dose of the COVID-19 vaccination prior to July 1st, 2021.
Vaccinated and unvaccinated individuals were matched according to their age, sex,
ethnicity, and comorbidities, including diabetes, asthma, hypertension, chronic
kidney diseases, cardiovascular diseases, immunodeficiency, transplant history,
neoplasm and chronic respiratory diseases (other than asthma). The REM
matching procedure matched each vaccinated individual to an unvaccinated
individual according to the date of entry into the study (defined as 14 days post the
date of the second dose for vaccinated individuals) to ensure that both vaccinated
and unvaccinated individuals had the same exposure duration. The roll matching
procedure uses exact matching for the date of entry into the study and the pro-
pensity matching score for all other covariates. All individuals were followed from
their date of entry into the study up to September 30th, 2021.

Estimation of the effectiveness against COVID-19 outcomes. Vaccine effec-
tiveness against each of the three outcomes was assessed using a Cox-proportional
hazard model with time varying coefficients to consider the proportional hazard
assumption and consequently the decline in effectiveness over time. For each of the
three pre-determined COVID-19 outcomes (hospital admission, critical care
admission or death), the time to event was defined as the duration of time (in days)
from the baseline date until the date of occurrence of the outcome. Participants
who did not experience the outcome during the follow-up period, or who were free
from the outcome at the end of the follow-up period, were considered as right-
censored.

Vaccinated individuals with time interval between 1st and 2nd vaccine dose
less than two weeks were excluded from this analysis, along with those who had
a history of COVID-19 hospitalization prior to their baseline date. Individuals
who were matched to these exclusion sets were also removed to preserve the
balance in baseline characteristics produced by the matching procedure. Only
participants with no history of COVID-19 outcomes prior to the baseline date
were considered in this survival analysis. In the primary analysis, unvaccinated
participants who were administered at least one dose of the vaccine post-
baseline (i.e., during their follow-up period) were excluded, along with their
matched vaccinated individuals. In a sensitivity analysis, these individuals were
re-included and censored at the date of their first dose. Their corresponding
matched vaccinated individuals were also censored at the same date if they did
not experience an outcome prior to that date.
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Vaccine effectiveness was derived from the Cox proportional hazards model
and was calculated as (1-Hazard Ratio) expressed as a percentage. Variables
adjusted for in this model were age, sex, comorbidity, ethnicity, and the calendar
month of entry into the study. The vaccine effectiveness, stratified by each of the
risk factors listed above, was estimated by adding an interaction term into the
survival model between the vaccination status and each of the risk factors. This
subgroup analysis improves our understanding of the difference in vaccine
effectiveness according to age groups, sex, ethnicity, associated comorbidities and
the calendar month of entry.

The vaccine effectiveness, and its corresponding association with risk
factors, was primarily assessed at three months after complete vaccination.
However, to estimate the decline in vaccine effectiveness over time against each
of the COVID-19 outcomes, the vaccine effectiveness was estimated at monthly
intervals for follow-up periods extending beyond three months to nearly twelve
months (after baseline). Effectiveness for each follow-up period was estimated
using the Cox proportional hazard model and graphically plotted to show the
trend over time.

Overall survival curves for the three COVID-19 outcomes were estimated and
plotted using Kaplan-Meier approach?$. We also estimated the absolute risk and
the incidence rate of COVID-19 outcomes per 1000-person days according to
vaccination status. All statistical analyses were performed using R software version
4.1.0%. P<0.05 were considered statistically significant.

Reporting summary. Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability

According to Abu Dhabi Department of Health regulations, individual-level data cannot
be shared openly. Specific requests for remote access to de-identified data should be
referred to DOH, Research committee. Requests sent to IRB, DOH medical research and
development division (medical.research@doh.gov.ae) will be considered within 21 days
pending IRB approval and DOH regulations. Auxiliary and summary data generated
from the analyses are available in the supplementary file.

Code availability
The code used for this study has been deposited in the git repository (https://github.com/
abderrahimoulhaj/vaccine_effectiveness_nature_communications.git).
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