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ABSTRACT: The emergence of new SARS-CoV-2 variants across the world has raised concerns about
the effectiveness of available COVID-19 vaccines that were designed against the original Wuhan (wild
type) variant. Critical questions have arisen regarding: (a) the effectiveness of various vaccines in
preventing infection, symptomatic disease, hospitalization, intensive care unit (ICU) admission and
death and (b) the magnitude and clinical consequences of post-vaccination infections in the context of
emerging variants, especially the Delta variant of SARS-Cov2. While “real world” experiences with
various vaccines have been reported, few have examined comparative effectiveness of various vaccines
in one population, as new SARS-CoV-2 variants have emerged. Here we present an analysis of
COVID-19 related outcomes from Bahrain, a country with a total population of 1.501 million, where
four vaccines were deployed (total vaccinated =1,003,960), including Astra-Zeneca (AZ/Covishield),
Pfizer/BioNtech, Sinopharm and Sputnik V. By analyzing individual histories of vaccinated versus
unvaccinated cases, we provide a granular description of the effectiveness of the four vaccines, disease
burden in unvaccinated versus vaccinated individuals over time, and the risk of four outcomes
(infections, hospitalizations, ICU admissions and deaths) due to breakthrough infections among
vaccinated individuals. We conclude that the four vaccines were effective in reducing all four outcomes
in vaccinated compared to unvaccinated individuals, prior to, and during the period when the Delta
variant became dominant in the country (May 2021 to the present). However, after censoring early
vaccine recipients of Sinopharm vaccine, compared to Pfizer/BionTech recipients, individuals
vaccinated with Sinopharm had a higher risk of post-vaccination infections, hospitalizations, ICU
admissions and deaths, especially in those > 50 years old. Our overall findings support the value of
vaccination in preventing COVID-19 related events even with the advent of the Delta variant. These
data support the urgent need to expand vaccination access around the world, and may serve to guide the
choice of vaccines in the context of the Delta variant.

Vaccination offers a critical tool for the control of the COVID-19 pandemic. To date, multiple vaccines
have been developed around the world that utilize different technologies.!> Clinical trials have
demonstrated variable levels of protection against symptomatic COVID-19, the primary outcome for
many of these studies. However, these clinical trials were conducted at different times during the
pandemic, in different countries and with varying prevailing SARS-CoV-2 variants. There have been no
direct head-to-head comparisons of efficacy across vaccines, limited comparisons of effectiveness in a



real-world context as new variants predominate over time, and limited analysis of breakthrough, post
vaccination infections comparing multiple vaccines in one population.®

The Government of Bahrain’s decision to deploy four vaccines provided an unparalleled opportunity to
examine and directly compare the effectiveness of different vaccines in terms of prevention of COVID-
19 cases, hospitalizations, ICU admissions and deaths over time in a large population as new variants
were emerging.

Vaccination Uptake:

Between December 9th 2020 and July 17th 2021, 569,054 individuals were vaccinated with Sinopharm,
184,526 with Sputnik, 73,765 with AstraZeneca (AZ/Covishield) and 169,058 with Pfizer/BioNtech
vaccines, while 245,876 were used as the unvaccinated case-control cohort (Fig 1). The unvaccinated
included travelers, asymptomatic and symptomatic contacts of those who had tested positive for SARS-
COV2, patients who had symptoms consistent with SARS-Cov2 infection, individuals undergoing
operative and elective medical procedures, and individuals undergoing random tests in areas of high
population density. We censored in our analyses the population between 12-17 years of age in the
Pfizer/BioNtech group.

We determined the date of achievement of presumptive protection (PP), defined as the date
corresponding to 14 days after receipt of the second dose of any of the four vaccines, as each involved a
two-dose regimen. As noted in Figure 1C, the Sinopharm vaccine was the first and most frequently used
vaccine in Bahrain (total number of recipients: 569,054; date of PP of first vaccine recipients: December
9th, 2020; date of 50% rollout: April, 24, 2021). Pfizer/BioNtech vaccine rolled out next (total number
of recipients 169,058; date of PP of first vaccine recipients: Jan 30, 2021, date of 50% rollout: June 14,
2021). AZ/Covishield (total number of recipients: 73,765; date of PP of first vaccine recipients: March
13, 2021, date of 50% rollout: April 24, 2021), followed by Sputnik V (total number of recipients:
184,526; date of PP of first vaccine recipients: March 4, 2021, date of 50% rollout: May 30, 2021).

Characteristics of vaccinated individuals

The median age of individuals vaccinated was similar across the four vaccines utilized: Sinopharm: 38
years, AZ/Covishield: 39 years, Sputnik V: 35 years, Pfizer BioNtech: 36 years (vaccinated individuals
12-18 years were censored). There were, however, differences in the sex distribution. While with
Pfizer/BioNtech and Sinopharm vaccines, there was a similar distribution (63.4% males/36.6% females
and 60.9% males/39.1% females respectively), men were more likely to have received the Sputnik V
and AZ/Covishield vaccines with 73.4% male/26.6% female and 81.9% males/18.1% females,
respectively.

SARS-Cov2 PCR testing

Beginning in February, 2020, the COVID-19 task force of Bahrain began testing all arriving travelers
into the country, suspected cases, symptomatic individuals, asymptomatic contacts (including family
members) of those who had tested positive, and all hospitalized and critically ill patients suspected of
being infected by SARS-Cov2. Infection monitoring was substantially expanded after Dec 1, 2020 and
reached a peak of an average of 15,000 tests per day by February 2021. Testing was performed
regardless of vaccination status.



Sequencing of SARS-CoV-2 isolates

Beginning in June 2020, variant sequencing was initiated on isolates from a few COVID-19 cases
including travelers, symptomatic cases and critically ill patients and post vaccination cases. Variant
sequencing was greatly increased in February 2021 and has continued until July 29, 2021, by which time
a total of 7,807 isolates have been sequenced. The results of variant testing, starting in February 2021,
are shown in Figure 2. Variants were initially dominated by the Beta/B.1.351 variant (between March
and April 2021), followed by a rise in Delta/B.1.617.2 and Kappa/ B.1.617.1 variants (between April
through June, 2021). The representation of the Delta/B.1.617.2 variant continued to rise from April
through July, 2021. We measured the fraction of the Delta variant among all PCR positive cases, and
found that fifty percent of the cases were of the Delta variant by May 1 2021 (Fig 2b). In subsequent
analysis, we use May 1 (red line, Fig 2b) as the cutoff date for the dominance of the Delta variant.

COVID-19 outcomes

There were a total of 180,840 PCR positive COVID-19 cases identified among all individuals, with
134,728 among those 18 years and older. There were 13,105 hospitalizations, including 1,636 ICU
admissions, and a total of 1,030 deaths. We assessed COVID-19 hospitalizations, ICU admissions and
deaths by vaccination status. We further examined the data by age, for those >50 versus < 50 years of
age, taking into account the known increase in risk of COVID-19 related morbidity and mortality among
those >50 years of age.”® As noted above, we restricted our analyses to include only individuals >18
years of age among recipients of the Pfizer/BioNtech vaccine. In addition, in order to limit multiple
comparisons, we did paired testing among five groups: Unvaccinated vs Sinopharm, Unvaccinated vs
Pfizer/BioNtech, Unvaccinated vs AZ/Covishield, Unvaccinated vs Sputnik V. Using pairwise
comparisons between unvaccinated individuals (> 50 and <50 years), we found significantly higher % of
hospitalization, ICU admissions and deaths in the unvaccinated group compared to the vaccinated group
for all four vaccines (Tables 1). For instance, the percent of deaths among all COVID-19 cases in
unvaccinated people >50 years of age was 3.8-fold higher compared to the Sinopharm, and
approximately 7.5-fold higher than the Sputnik V vaccine recipients. There were no deaths reported in
the AZ/Covishield vaccinated group. In patients <50 years, the percent of death among all COVID-19
cases in unvaccinated people were 8.1-fold higher compared to Sinopharm vaccine recipients. There
were no deaths reported in this age cohort in Sputnik V and Pfizer/BioNtech vaccine recipients, and 1
death among the AZ/Covishield vaccine recipients (Table 1).

Despite the overall effectiveness of all four vaccines in decreasing risk of COVID-19 related
hospitalizations, intensive care unit admissions and deaths when compared to unvaccinated individuals,
our initial analysis showed that there was a higher risk of COVID-19 infection and clinical escalation
among recipients of the Sinopharm vaccine compared to other vaccine recipients. For instance, the
percentage of deaths among all PCR positive post-vaccination COVID-19 cases among recipients of the
Sinopharm vaccine was 0.46% (i.e, 112 deaths) versus 0.15% for Pfizer/BioNtech (i.e., 3 deaths) and
0.03% for AZ/Covishield (1 death) (Table 1). This trend was consistent for all COVID-19 events, i.e.,
infection, hospitalization, ICU admission and death (Tables 1).



To further examine this issue, we restricted the comparison of Pfizer/BioNtech versus Sinopharm
vaccines (the two vaccines are demographically comparable in sex and age distribution and were also
temporally deployed within a month of one another). We censored early recipients of Sinopharm (any
vaccinated individuals who had achieved presumptive protection on January 30, 2021 or before that
date; this date was chosen because it corresponds to the first individuals achieving presumptive
protection after Pfizer/BioNtech vaccination). Furthermore, to avoid multiple comparisons among five
groups, we used the data for the Pfizer/BioNtech vaccine as the comparator. We found that the
Pfizer/BioNtech vaccine was associated with statistically significantly lower rates of post-vaccination
PCR positive COVID-19 infections, hospitalizations, ICU admissions and deaths compared to the
Sinopharm vaccine among those >50 years of age. This was also noted for those <50 years of age,
although the difference in the death rates in this cohort was not statistically significant; this may have
been due to low numbers of events (Table 2).

Timeline of COVID-19 Events

To determine how rates of COVID-19 infection, hospitalization, ICU admission and death occurred over
time, we constructed a time series for unvaccinated individuals and recipients of the four vaccines. Rates
were calculated by dividing the number of cases (positive tests, hospitalization, ICU admissions, or
deaths) by the accumulated total number of people vaccinated (for each vaccine type -- i.e., events per
person at risk per day). This calculation was performed for each day to produce a time

series. Unvaccinated rates were obtained by dividing the daily number of cases by the total number of
unvaccinated people in the population.

As shown in Figure 3, we found a peak in all four clinical outcomes in the May and June 2021 period,
which corresponds to the rise in the Delta variant in the country. As above, all four vaccines decreased
the rates of infection, hospitalization, ICU admission and death (Figure 4). The rates of ICU admission
and deaths, however, were higher among the Sinopharm vaccinees compared to other vaccine
recipients. To formally compare the morbidity and mortality in post-vaccination infections for the
vaccines during this period of time, and avoid multiple cross-comparisons, we restricted our comparison
to examining the rates of post-vaccination infections causing hospitalizations, ICU admissions or death
for the Pfizer/BioNtech and Sinopharm vaccine recipients. (Figure 4). We found that the recipients of
the Sinopharm vaccine had significantly higher rates of hospitalization, ICU admission and death
compared to recipients of the Pfizer/BioNtech vaccine, especially among those 50 years of age or older
(Figure 4). We also constructed a time series of post-vaccination infections, hospitalizations, ICU
admissions and deaths disaggregated by age of the vaccine recipient (50 years or younger and older than
50 years) (Figure S1). Consistent with our prior data, hospitalizations, ICU admissions and deaths were
also highest in the older Sinopharm recipients, with a peak during the May/June 2021 period, compared
to younger recipients (age <50) and recipients of the other three vaccines.

Variant sequencing and mortality

Sequencing for variants was performed on all the people who had died with SARS-Cov2 infection after
Jan 1 2021. As shown in Fig 5 below, prior to May 2021, deaths were dominated by unvaccinated
individuals infected predominantly by the Alpha variant. After May 2021, deaths began to rise in the
vaccinated population, and both unvaccinated and vaccinated deaths were dominated by the Delta
variant (e.g., in May 2021, there were 135 deaths in the unvaccinated cohort, 117 of which were positive



for the Delta variant; in the vaccinated group, there were 53 deaths, with 45 that tested positive for the
Delta variant. Sequencing analysis has not been completed for July (Figure 5).

Discussion:

The ambitious vaccination program in Bahrain, combined with detailed individual case monitoring,
allowed us an unprecedented opportunity to examine the real-world effectiveness of the four vaccines
included in the program overall and since the advent of the Delta variant. The uptake of the Sinopharm
vaccine was nearly 5-fold higher compared to the Pfizer/BioNtech, AZ/Covishield and Sputnik V
vaccines as it was deployed first, and because Bahrain participated in several trials in collaboration with
Sinopharm. Nonetheless, the median age of vaccinations was similar (Pfizer/BioNtech vaccine was
offered to those between 12-16 years of age, but these data were censored from analysis). We also
censored the early recipients of the Sinopharm vaccine — i.e., individuals who had been fully immunized
on or before January 30, 2021.

Our findings indicate that all four vaccines decreased the risk of SARS-CoV-2 infections,
hospitalizations, ICU admissions and deaths among vaccine recipients when compared to unvaccinated
individuals. However, individuals who received the Sinopharm experienced a higher rate of infection,
hospitalization, ICU admission and deaths compared to those who received the Pfizer/BioNtech vaccine.
Outcomes for the Sputnik V vaccinated individuals were intermediate. Targeted sequencing of virus
isolates from individuals who died from COVID-19 showed that deaths from January through April
2021 were dominated by the Alpha variant, as the most dominant variant in the country at that time.
From May 2021 onwards, the fraction of all infections caused by the Delta variant rose from 30 to 90
percent by July 2021. Death rates associated with the emergence of the Delta variant also rose in May,
2021 as anticipated based on increase in the number of cases , with this variant identified in 86 percent
among the deaths noted for unvaccinated and 84 percent among the deaths in the vaccinated group. In
June, 2021 all deaths in both groups were caused by the Delta variant, the dominant variant in the
country.

Our study has some limitations. The limited information on socioeconomic and clinical characteristics of
the individuals included in the analyses, hindered the ability to take into account any adverse selection
that might have occurred due to geographic access and clinical characteristics and their effects on the
uptake of different vaccines. Similarly, we recognize that evolution of the adoption of pandemic
protective measures changed over time, which may have influenced risk for SARS-CoV-2 infection. In
particular, we note that Sinopharm was the only vaccine used early in the pandemic when knowledge of
diagnosis and management of cases of COVID-19 was evolving; however, we censored early recipients
of the Sinopharm vaccine to mitigate any bias caused by this early cohort of recipients.

Since the Sinopharm vaccine was deployed at an approximately three-fold higher rate compared to the
Pfizer/BioNtech vaccine, we cannot rule out a skew in the data due to oversampling of individuals who
received the Sinopharm vaccine and experienced infections, hospitalizations, ICU admissions and
deaths. Additionally, it is important to note that testing efforts included close contact of cases of
COVID-19, which may have selected a group at higher risk for infection. On the other hand, given the
highly significant differences noted in post-vaccination infection rates with clinical consequences in the
Sinopharm compared to the Pfizer/BioNtech vaccine recipients, especially among those older than 50



years of age in terms of hospitalizations and deaths, it is unlikely that these confounding factors could
explain the difference in outcomes between the two vaccines.

We conclude that COVID-19 vaccination is an effective strategy at mitigating the risk for SARS-CoV-2
and its consequences, especially among individuals older than 50 years of age. However, in a pairwise
comparison, the performance of the Pfizer/BioNtech vaccine was superior to the Sinopharm vaccine,
especially in older individuals and in the context of the emergence of the Delta variant.
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Figure 1. (A) Age distributions of the four different vaccines administered in the population. Pfizer-
BioNTech was the only vaccine given to ages 12-18 < 18 years of age, and those data were excluded



from the analysis (B) Age and gender demographics for all vaccines. (C) Visualization of the vaccine
rollout. The curves display the counts of individuals that have or do not have full vaccination status, or
presumptive protection (i.e,. 14 days after the booster dose) for each of the four vaccines on each day.
The number of individuals without presumptive protection (PP) on each day drops as vaccination is
rolled out. January 30th is the date that the first Pfizer recipients achieved presumptive protection
(i.e.,14 days after their second Pfizer vaccination dose) and is therefore used as a cutoff to censor any
early recipients of Sinopharm.
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Figure 2: (a) Cumulative counts of individuals infected with various strains of SARS-Cov2 in Bahrain. (b)
Fraction of infections of Delta/B.1.617.2 (over all other variants detected) with +- one s.e. of the total fraction.
Total counts of B.1.617.2 exceed other detections (note log scale). May 1 (red line) was selected as a cutoff date
of when B.1.617.2 began to rise as the dominant strain in the population.

Table 1. Hospitalization (%) of SARS-COV-2 PCR positive cases (18+ Ages)
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Vaccine Type
Unvaccinated
Sinopharm
Sputnik V
Pfizer-BioNtech
Covishield

Total Rate
(Hospitalizations)

Pairwise
C ompm isons

1] 4‘

Rate (Total)
13.22 (8602)
6.94 (1683)
2.24(77)
1.99 (40)

1.52 (45)

> 50 Rate (Hospitalizations)

Rate (Total
31.83 (3583)
16.10 (1081)
11.87 (45)
4.85(21)

4.19 (24)

Pairwise
Comparisons

8

I”

< 50 Rate

(Hospitalizations)

Rate (Total
9.33(5019)
3.43 (602)

1.05 (32)
1.21 (19)

0.88 (21)

. Pairwise
Comparisons

910 1112

Pairwise Comparisons (All p-values <0.001): 1. OR: 2.04 ; 2. OR: 6.64 ;3. OR: 7.50;4. OR: 9.84 ; 5. OR: 2.43 ;6. OR:
3.46; 7. OR: 9.16; 8. OR: 10.68; 9. OR: 2.89;10. OR: 9.72; 11. OR: 8.43;12. OR 11.56.

ICU admission (%) of all SARS-Cov2 positive cases (18+ Ages)
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Vaccine Type
Unvaccinated
Sinopharm
Sputnik V
Pfizer-BioNtech
Covishield

Total Rate (ICU
Admissions)
Pairwise

Rate (Total) Comparisons
201(1309) 12 34
0.57 (138) I
0(0)
0.05 (1)

0.1 (3)

> 50 Rate (ICU

Rate (Total
7.6 (855)
1.7 (114)

0(0)
0.23 (1)

0.17 (1)

Admissions)

Pairwise
Comparisons

g

< 50 Rate (ICU

Rate (Total
0.84 (454)
0.14 (24)
0(0)

0(0)

0.08 (2)

Admissions)

Pairwise
Comparisons

910 11 12

Pairwise Comparisons (All p-values <0.001): 1. OR: 3.59 ; 2. OR: inf ;3. OR: 41.2; 4. OR: 20.20; 5. OR: 4.76; 6. OR: inf
(no ICU); 7. OR: 35.51; 8. OR: 47.03; 9. OR: 6.21;10. OR: inf (no ICU) ; 11. OR: inf (no ICU);12. OR 10.12.

Deaths (%) of all SARS-Cov?2 positive cases (18+ Ages)
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0.03 (1)

> 50 Rate (Deaths)

Rate (Total
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Rate (Total
0.41 (222)
0.05 (9)
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0(0)
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Pairwise
Comparisons
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Pairwise Comparisons (All p-values <0.001): 1. OR: 2.88; 2. OR: 15.27 ;3. OR: 8.92; 4. OR: 39.41; 5. OR: 3.83; 6. OR:
7.49; 7. OR: 8.57; 8. OR: inf (no deaths); 9. OR: 8.07;10. OR: inf (no deaths) ; 11. OR: inf (no deaths); 12. OR 39.41.

Table 1: Total death % for all positive cases, broken down by vaccine type (deaths / positive cases) over the time period of
December 2020 - July 2021. Vaccinated cases tested positive 14 days after their final dose.



Comparison (events per 100,000 persons per week) between Pfizer-BioNTech with Sinopharm and
Unvaccinated with Sinopharm.

(a)

Pfizer-BioNTech vs Sinopharm

ALL Over 50 Under 50

Rate Rate Rate Rate Rate Rate

(Pfizer) (Sino) p OR (Pfizer) (Sino) p OR (Pfizer) (Sino) p OR
Infections 136.28 350.53 <.001 0.44 128.44 366.57 <.001 0.39 139.65 345.52 <.001 0.46
Hospitalizations 2.82 28.36 <.001 0.13 6.59 62.11 <.001 0.12 1.74 14.74 <.001 0.17
ICU admissions 0.08 2.29 <.001 0.04 0.36 6.62 <.001 0.06 0.0 0.49 <.05 0.00
Deaths 0.22 1.64 <.001 0.15 0.96 5.45 <.001 0.18 0.0 0.16 NS 0.00
(b)

Unvaccinated vs Sinopharm

ALL Over 50 Under 50

Rate Rate Rate Rate Rate Rate

(Unvax) (Sino) p OR (Unvax) (Sino) p OR (Unvax) (Sino) p OR
Infections 642.96  350.53 <.001 1.72 781.32  366.57 <.001 2.02 631.66  345.52 <.001 1.70
Hospitalizations 51.06 28.36 <.001 1.78 225.55 62.11 <.001 3.49 33.98 14.74 <.001 2.35
ICU admissions 6.39 2.29 <.001 2.70 41.44 6.62 <.001 5.92 2.65 0.49 <.05 5.09
Deaths 4.42 1.64 <.001 2.72 3717 5.45 <.001 6.56 1.35 0.16 NS 7.65

Table 4: Pairwise comparison (events per 100,000 persons per week) of the Pfizer/BioNtech and the
Sinopharm vaccines (a) and Unvaccinated versus Sinopharm vaccinated individuals (b) in age cohorts
>50 and <50 showing the rates of infections, hospitalizations, ICU admissions and deaths, p values and
odds ratios. All rates are events per 100,000 of the sample population. Note that the p values for the
comparison were all <0.01, except ICU admissions in “under 50” cohort and deaths for the Sinopharm
versus Pfizer comparison and Sinopharm versus Unvaccinated comparison (in bold).



Infected Rate per Vaccine (all ages)
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Figure 3: Timeline (events per person at risk per day) of infection, hospitalizations, ICU admissions and
deaths for four vaccines compared to unvaccinated controls between Jan 30, 2021 to July 17th 2021.
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Figure 4: (a-f) Box plots illustrating the distribution of rates for infections, hospitalizations, ICU
admissions, and deaths. Where there is sufficient data, the whiskers illustrate the maximum and
minimum, and boxes encompass the first and third quartiles. Median is displayed as a vertical line in the
box. Data are split before and after May 1, 2021 when the Delta variant became prevalent in the studied
population. (g-j) bar plots representing the events per 100,000 vaccine recipients from February 2021 to
July 2021, comparing infections (g), hospitalizations (h), ICU admissions (i) and deaths (j). For (g) to
(j), breakthrough infections after the Sinopharm and Pfizer vaccine are compared against unvaccinated
individuals, divided by age cohorts >50 years (left plot) and <50 years (right plot). Standard error is
shown as whiskers for each of these plots (g-j).
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Figure 5: Variant sequencing for SARS-Cov2 infected individuals who died (presumptively from SARS-
Cov2 infection). Variants detected between January 1 2021 to June 30 2021 are shown in the following



brackets: Alpha (B1.1.7), Beta (1.351), Gamma (B.1.28.1) and Delta ( B.1.617.1 and B.1.617.2) and
Other for vaccinated and unvaccinated individuals.

METHODS:
Vaccination program in Bahrain:

The Kingdom of Bahrain has introduced a series of measures to ensure equal access to the vaccines
regardless of race, age, nationality, gender, or income. Vaccines were administered at no cost. Thirty-
one vaccination sites were established in the country to ensure access. Protocols were also available for
registration, counselling/consultation vaccination and observation. The sites were geographically
distributed at 27 primary care centers, The International Exhibition and Convention Centre, Sitra Mall,
King Hamad University Hospital and Bahrain Defense Force Hospital mobile vaccination units were
utilized to provide the vaccine to senior citizens, persons with special needs, inmates, and others who are
unable to receive the vaccine at one of the designated vaccination centers.

The national vaccination for the general population started on December 16th 2020 through 31
vaccination centers. Initially, high risk populations (i.e., frontline workers, individuals>60 years of age,
and patients with morbid obesity, any immunocompromised state, diabetes, cardiopulmonary disease
and hypertension) were given priority when booking appointments over the general population. By
December 16, 2020, vaccination was extended to the general population. Four COVID-19 vaccines were
used. The Sinopharm vaccine was deployed first, in part because Bahrain was involved in clinical trials
with Sinopharm, followed by Pfizer/BioNtech, Sputnik V and AZ-Covishield. Note that the early cohort
of Sinopharm vaccinees have been censored.

Data collection database:

A country specific Information system (ISEHA) has all medical history of individuals and is centralised
and used for all Covid related health information. Anonymized electronic health records were retrieved
for the study period December 9th 2020 - July 17 2021.These

records include: (a) Patient demographics, a random ID used to link records, year of birth, sex, coded
geographical location of residence, nationality and chronic comorbidities including: cardiovascular
disease, type 2 diabetes, high blood pressure, immunosuppression, high BMI, chronic kidney disease
(CKD) and chronic obstructive pulmonary disease (COPD).

Identification of Positive cases and variants:

All cases were diagnosed based on RT-PCR tests of nasopharyngeal samples. The majority of RT-PCR
tests were conducted using Thermo Fisher Scientific (Waltham, MA) TaqPath 1-Step RT-qPCR Master
Mix, CG (catalog number A15299) on the Applied Biosystems (Foster City, CA) 7500 Fast Dx
RealTime PCR Instrument. The assay used followed the World Health Organization protocol and
targeted the E gene.’? If positive, the sample was confirmed by RARP and N genes. The E gene CT value
was reported and used in this study. CT Values < 37 were considered positive. Whole genome
sequencing was used to identify the common variants of concerns using illumina/ARTIC and COVID-
Seq protocols. The data were analysed with the Abiomix platform. Sequencing was undertaken at the



national COVID-19 Molecular public health laboratory where all the samples get tested there. Spike
gene target status on PCR was used as a second approach for identifying each variant.

Statistical analysis:

Statistical analysis was performed as follows. Analysis was performed using statsmodels 0.10.2. Positive
events were filtered to be either from persons of 18 years old or older and to unvaccinated individuals
(once vaccinated count as this) or from individuals who were fully vaccinated on or after 2021-01-30.
Counts of who is at risk in each subgroup, for the purpose of rate denominators, reflect available data
(unvaccinated) or all individuals (living or dead) who were fully vaccinated after this date.

Odds ratio analysis. Event rate comparisons were made in terms of odds ratios (for hospitalization,
ICU, death) using Cochran Mantel Haenszel analysis of event counts stratified by day. The first analyses
were made using the full study period comparing Pfizer to Sinopharm and unvaccinated to Sinopharm.
Similar analyses were made when appropriately small p-values were found in the first analysis for the
data broken by month or broken by before/after 2021-05-01.

Event rate displays. To display event rates the computation for a given time period went as follows: 1)
Compute daily rates (i.e. event count in a given day/ at risk count for that day). 2) Sum the daily rates
over the time period. 3) Convert this figure to the units of per 100K persons and per 7 days, taking
account of the number of days in the time period. Similar calculations were made for the variance of this
quantity using the delta method and assuming that the count variance on each day is an independent
Poisson (given the true rate parameter), that is plugging in the observed count as a variance for the count
and propagating this to compute a variance for the computed rate. This was square-rooted to give a
standard error for the plots.

PCR Positive event proportion analysis To give confidence intervals to the proportions of events,
Jeffreys intervals were used using an alpha value of 0.01. In this way, when considering one event
outcome at a time, the five vaccine conditions can be considered to have simultancous confidence
intervals at 0.05-level (i.e. the FWER is controlled). For formal pairwise comparisons between
vaccination conditions of such a rate, the five all-pairs two-by-two tables of event/non-event vs vaccine-
groupl/vaccine-group2 were analyzed using Fisher exact p-values. The resulting 10 p-values were
converted to corrected p-values using the Holm-Sidak method.

We wish to thank Anupam Pathak for analyzing and generating the Figures from the raw data, Ahmad
Humaidin for assembling the raw data, Jake Garrison for generating the time series plots and the
Kingdom of Bahrain for providing anonymized raw data for the project.
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Supplementary Figures:

Outcomes Rates among vaccinated and unvaccinated individuals by age cohorts >50 and <50
years

a. Infection
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Figure S1: Time series illustrating rates of a) Infections, b) Hospitalizations, ¢) ICU admissions, and d)
deaths for all vaccines and unvaccinated for the above and below 50 age cohort. Events per 100k
population per week are also shown as a time series where a maximum is seen in the month of May
(when Delta became the dominant variant).



