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WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ In adults, the evidence suggests that the Ad26.COV2.S vaccine (Janssen/

Johnson & Johnson) increases the risk of vaccine induced immune 
thrombocytopenia and thrombosis

 ⇒ Data on the safety of vaccination with Ad26.COV2.S are limited and a direct 
effect on the development of vaccine induced immune thrombocytopenia and 
thrombosis has not been established in African populations

 ⇒ Cohort single and multicentre studies, and reviews of vaccine induced 
immune thrombocytopenia and thrombosis after vaccination with Ad26.
COV2.S prompted a cautionary recommendation by the US Centers for 
Disease Control and Prevention advisory committee that was endorsed by the 
Food and Drug Administration

WHAT THIS STUDY ADDS
 ⇒ Vaccine induced immune thrombocytopenia and thrombosis was found in 

only a few particpants among South African healthcare workers
 ⇒ The risk of total venous or arterial thromboembolism events was not 

increased in this large population of healthcare workers who were vaccinated 
with the Ad26.COV2.S vaccine

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY
 ⇒ Increased risk of vaccine induced immune thrombocytopenia and thrombosis 

with the Ad26.COV2.S vaccine in adults emphasises the importance of 
diagnosis and management in accordance with recommendations

 ⇒ The risk- to- benefit ratio of vaccination with the Ad26.COV2.S vaccine on a 
population level is encouraging

 ⇒ The Ad26.COV2.S vaccine represents a practical solution for Africa and 
countries with limited resources, owing to the less stringent storage 
requirements and single dose scheduling

ABSTRACT
OBJECTIVE To assess the rates of vascular 
thrombotic adverse events in the first 35 days after 
one dose of the Ad26.COV2.S vaccine (Janssen/
Johnson & Johnson) in healthcare workers in South 
Africa and to compare these rates with those 
observed in the general population.
DESIGN Open label, single arm, phase 3B study.
SETTING Sisonke study, South Africa, 17 February to 
15 June 2021.
PARTICIPANTS The Sisonke cohort of 477 234 
healthcare workers, aged ≥18 years, who received 
one dose of the Ad26.COV2.S vaccine.
MAIN OUTCOME MEASURES Observed rates of 
venous arterial thromboembolism and vaccine 
induced immune thrombocytopenia and thrombosis 

in individuals who were vaccinated, compared 
with expected rates, based on age and sex specific 
background rates from the Clinical Practice Research 
Datalink GOLD database (database of longitudinal 
routinely collected electronic health records from UK 
primary care practices using Vision general practice 
patient management software).
RESULTS Most of the study participants were 
women (74.9%) and median age was 42 years 
(interquartile range 33- 51). Twenty nine (30.6 per 
100 000 person years, 95% confidence interval 
20.5 to 44.0) vascular thrombotic events occurred 
at a median of 14 days (7- 29) after vaccination. Of 
these 29 participants, 93.1% were women, median 
age 46 (37- 55) years, and 51.7% had comorbidities. 
The observed to expected ratios for cerebral venous 
sinus thrombosis with thrombocytopenia and 
pulmonary embolism with thrombocytopenia were 
10.6 (95% confidence interval 0.3 to 58.8) and 
1.2 (0.1 to 6.5), respectively. Because of the small 
number of adverse events and wide confidence 
intervals, no conclusions were drawn between these 
estimates and the expected incidence rates in the 
population.
CONCLUSIONS Vaccine induced immune 
thrombocytopenia and thrombosis after one dose 
of the Ad26.COV2.S vaccine was found in only a 
few patients in this South African population of 
healthcare workers. These findings are reassuring 
if considered in terms of the beneficial effects of 
vaccination against covid- 19 disease. These data 
support the continued use of this vaccine, but 
surveillance is recommended to identify other 
incidences of venous and arterial thromboembolism 
and to improve confidence in the data estimates.
TRIAL REGISTRATION  ClinicalTrials. gov 
NCT04838795.

Introduction
The efficacy of vaccines against SARS- CoV- 2 has 
been reported to be 53- 97% in patients with 
symptoms of infection.1–6 Of these, the adeno-
virus vector vaccines are the preferred vaccines in 
countries with limited resources because of their 
accessibility and less stringent storage require-
ments. Two of these include the chimpanzee 
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adenoviral vector, ChAdOx1 nCoV- 19 vaccine 
(Oxford- AstraZeneca) and the adenoviral vector 
type 26, Ad26.COV2.S vaccine (Janssen/Johnson 
& Johnson). The risk of adverse events after 
these vaccines has been assessed in clinical 
trials and by public health surveillance systems. 
Reports of serious adverse events have been rare. 
Nonetheless, some instances of venous thrombo-
embolism and arterial thrombosis after adeno-
viral vector vaccines have been reported, raising 
concerns about the potential risks of thromboem-
bolic complications.7–10

Moderate- to- severe thrombocytopenia 
and thrombosis at unusual sites have been 
reported in rare instances after vaccination 
with the ChAdOx1 nCoV- 19 and Ad26.COV2.S 
vaccines.11 12 This finding prompted a recom-
mendation by several regulatory authorities 
for a temporary suspension of vaccinations in 
April 2021.13 The term vaccine induced immune 
thrombocytopenia and thrombosis was created 
for this syndrome, with a proposed mechanism 
similar to that of heparin induced thrombocyto-
penia with thrombosis.14 15 Also, the term throm-
bosis with thrombocytopenia syndrome has 
been defined by the Brighton Collaboration.16 
Thrombosis with thrombocytopenia syndrome 
can be attributed to several causes and the term 
is recommended for use in epidemiological 
studies after vaccination.

Definite or probable vaccine induced immune 
thrombocytopenia and thrombosis was reported 
in 220 patients presenting to hospitals in the 
UK after 24 million first doses of the ChAdOx1 
nCoV- 19 vaccine.17 Median age of these patients 
was 48 years (range 18- 79) and 55% were women. 
Of these, 209 (95%) presented with thrombocyto-
penia (median 47×109/L, range 28- 76) and 102 
(46%) with cerebral venous sinus thrombosis. 
No other risk factors for thrombosis were identi-
fied and the overall mortality rate was 22%. Up 
to 8 July 2021, another 38 patients with defi-
nite vaccine induced immune thrombocytopenia 
and thrombosis after 12.5 million first doses of 
Ad26.COV2.S vaccine were reported to the US 
Centers for Disease Control and Prevention advi-
sory committee on immunisation practices.18 
These patients had a similar presentation to those 
described after vaccination with the ChAdOx1 
nCoV- 19 vaccine, suggesting an effect of adeno-
viral vector- type vaccines against SARS- CoV- 2. 
Thrombosis at unusual sites and thrombocyto-
penia have also been reported for mRNA based 
vaccines, although to a lesser extent.10 19 Given the 
severity of vaccine induced immune thrombocyto-
penia and thrombosis and the ongoing covid- 19 
pandemic, close monitoring and reporting of 
serious adverse events is essential.

Between 17 February and 17 May 2021, the 
Ad26.COV2.S vaccine was given to 477 234 indi-
viduals in the Sisonke study, a multicentre, open 
label, single arm, phase 3B implementation study 
in healthcare workers in South Africa. Preliminary 
data on vascular thrombotic events after vaccina-
tion of the first 288 368 healthcare workers have 
been reported.20 The rate of venous and arterial 
thromboembolic events were 1.7 per 100 000 
participants. These events occurred in individ-
uals with known risk factors for thromboembo-
lism. Here, we describe the occurrence of vascular 
thrombotic events after vaccination of 477 234 
healthcare workers in the Sisonke study, including 
two patients with vaccine induced immune throm-
bocytopenia and thrombosis.

Methods
Study participants and procedures
The Sisonke study has been previously described.21 
After the temporary suspension of vaccinations 
in South Africa on 13 April 2021, vaccinations 
resumed on 28 April 2021, with further safe-
guards. These safeguards included: changes to the 
eligibility criteria in the Sisonke protocol; more 
information for participants about the signs and 
symptoms of thrombosis; amendments to patient 
information sheets and informed consent forms; 
and modified standard operating procedures with 
training to support appropriate screening as well 
as management of participants at high risk of 
thrombosis. Also, a short message surveillance 
service was implemented with specific increased 
awareness of the risk of thrombosis.

Vaccinations were conducted in collaboration 
with the South African Department of Health in 
public or private vaccination centres nationwide. 
Delivery of the vaccine was managed by appropri-
ately trained personnel linked to the ENSEMBLE 
(A Study of Ad26.COV2.S for the Prevention 
of SARS- CoV- 2- Mediated COVID- 19 in Adult 
Participants) trial research sites ( ClinicalTrials. 
gov NCT04505722). All healthcare workers, regis-
tered with the Electronic Vaccination Data System, 
the South African national vaccination registry, 
and who provided consent for the study elec-
tronically were eligible for enrolment. The study 
excluded women who were breastfeeding (after 28 
April 2021) and pregnant women because of lack 
of sufficient safety data.

Participants received one intramuscular injec-
tion of Ad26.COV2.S at a dose of 5×1010 virus 
particles, and were observed for adverse events 
for 15 minutes after vaccination, or for 30 
minutes if they had a previous history of allergic 
reactions to vaccinations. The Sisonke study was 
a single dose study. A second dose study, Sisonke, 
2 was performed after findings from international 
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studies showed the protective effect of a second 
dose.22

Safety monitoring
Adverse events in the Sisonke study were reported 
from a hybrid surveillance system that combined 
passive and active reporting of adverse event 
outcomes. Full details of the Sisonke pharmacovig-
ilance and safety reporting processes are detailed 
elsewhere.21 Adverse event reports were reviewed 
and processed daily by the safety team, and vali-
dated and updated by telephonic interviews with 
participants, healthcare providers, and from acces-
sible medical records. A safety review team of public 
health experts and specialists in neurology and 
haematology met weekly to review the cumulative 
safety data and case summaries. An independent 
safety monitoring committee provided safety over-
sight. In this analysis, we evaluated all data up to 
15 June 2021 (35 days after the last vaccination). 
Surveillance for adverse event is ongoing and will 
continue for up to two years after vaccination.

Case definitions
Safety events of concern included adverse events 
of special interest: vascular thrombosis after vacci-
nation, based on the Brighton Collaboration list, 
and serious adverse events after vaccination that 
met the criteria of the International Conference on 
Harmonisation.23 Vascular thrombosis included 
one or more episodes of venous, arterial, or small 
vessel thrombosis. Venous thromboembolism 
events were radiologically confirmed by cerebral 
magnetic resonance venography and compression 
ultrasound of the limbs, with or without computed 
tomography angiography of the chest and abdomen. 

Arterial thrombosis events included acute coronary 
syndrome diagnosed by electrocardiogram and 
cardiac biomarkers, and ischaemic stroke diag-
nosed by neurological examination in combination 
with computed tomography or magnetic resonance 
imaging. Small vessel thrombosis was diagnosed by 
histopathology in any tissue or organ.

Definite vaccine induced immune thrombocy-
topenia and thrombosis was defined as: onset of 
symptoms 5- 30 days after vaccination, presence of 
thrombosis, platelet count <150×109/L or decrease 
of 50% from baseline, and presence of antibodies 
to platelet factor 4.24 25 The diagnosis was further 
supported by plasma concentrations of d- dimers 
>0.25 mg/L and fibrinogen <2 g/L. If two of the 
four criteria were met, participants were defined as 
having possible vaccine induced immune throm-
bocytopenia and thrombosis (online supplemental 
tables 1S and 2S).17

Blood sampling and laboratory methods
Testing for the SARS- CoV- 2 virus was performed in all 
participants with a real time polymerase chain reac-
tion test of the upper respiratory tract (nasopharyn-
geal and oropharyngeal swab). As far as possible, 
serological testing was performed. Antibodies 
to platelet factor 4 were detected by commercial 
platelet factor 4/heparin enzyme linked immuno-
assays (Zymutest HIA IgG; Hyphen BioMed, Neuville- 
sur- Oise, France).25 The positive threshold was based 
on the manufacturer’s optical density threshold 
(reference range <0.30 negative, 0.3- 0.5 weak posi-
tive, and >0.5 strong positive). Positive results were 
confirmed by a functional assay26 27 (platelet aggre-
gation profiler, PAP- 8E, reference range <25%; Bio/
Data Corporation, Horsham, PA) at a centralised 
referral laboratory.

Data analysis
For all data transfer during the study, industry 
standard multilayer encryption platforms were 
used. The Electronic Vaccination Data System 
used a beneficiary identifier, a unique 36 char-
acter machine generated identifier within the 
system. This identifier was used for data linkages, 
removing any direct identifiers.

Statistical analyses were conducted with Stata, 
version 14. For descriptive statistics, frequencies 
and percentages were used for categorical varia-
bles and median (interquartile range) for contin-
uous variables. Occurrence of venous and arterial 
thromboembolic events were described by base-
line characteristics of participants. The observed 
number of reported incidences was compared with 
the expected number based on background inci-
dence rates, and the observed to expected ratio 
(with 95% confidence interval) was calculated. 
The expected number of events was estimated 
based on background incidence rates of vascular 

Healthcare workers vaccinated in Sisonke trial

Excluded
Intracranial hypertension
Angiosarcoma
Hypertensive urgency
Haemorrhagic stroke
No radiological evidence of stroke
Transient ischaemic attack/epilepsy with incomplete report from neurologist
Stroke with previous ischaemic stroke and incomplete report from neurologist

1
1
1
2
1
1
1

Arterial thrombosis
9

Vaccine induced immune
thrombocytopenia

and thrombosis

2
Venous thromboembolism

18

8

477 234

Healthcare workers with serious vascular thrombotic events aer vaccination
37

Serious vascular thrombotic events
29

Figure 1 | Flowchart of study participants
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thrombotic events in the Clinical Practice Research 
Datalink GOLD database (database of longitudinal 
routinely collected electronic health records from 
UK primary care practices using Vision general 
practice patient management software).28 29 This 
database contains data from 3 913 071 partici-
pants with a median age of 41 years (interquartile 
range 22- 59), contributed by general practi-
tioners from the UK between 1 January 2017 and 
31 December 2019. These background incidence 
rates were applied because no data were available 
locally. The Clinical Practice Research Datalink 
GOLD database was selected because it includes 
thromboses of special interest for covid- 19 vacci-
nations, with rates grouped by sex and age.30 
Person time was accrued from the date of vacci-
nation until death or closure of the dataset on 15 
June 2021 (35 days after the last vaccination). The 
incidence rates per 100 000 person years were 
calculated with a Poisson model, with person 
years as an offset.

Patient and public involvement
No patients were involved in the design, execu-
tion, or interpretation of this study. Owing to the 
urgency and sensitivity of the study question, 
as well as data privacy constraints, involving 
members of the public in the study was not 
possible. The results of the study have been 
disseminated to research participants and public 

communities.electronically as well as via the 
press, parliamentary committees, and annual 
reports.

Results
Participant characteristics
The Sisonke cohort included 119 753 (25.1%) male 
participants and 357 481 (74.9%) female partici-
pants, with a median age of 42 (interquartile range 
33- 51) years. Data for sex were taken from informa-
tion in the Sisonke study rather than from patient 
reported gender. The higher proportion of women 
was because the nursing profession in South Africa 
has disproportionately more women than men. 
Vascular thrombotic events were reported for 37 
participants. Eight participants were excluded 
(figure  1) and 29 (30.6 per 100 000 person years, 
95% confidence interval 20.5 to 44.0) vascular 
thrombotic events were included. Table 1 shows the 
baseline characteristics of the 29 participants. Most 
participants were women (n=27, 93.1%) and median 
age was 46 years (interquartile range 37- 55). Median 
time from vaccination to onset of thrombosis was 14 
days (7- 29). Baseline characteristics of participants 
who presented with venous thromboembolism, arte-
rial thrombosis, or vaccine induced immune throm-
bocytopenia and thrombosis were not substantially 
different.

Table 1 | Baseline characteristics of participants with venous thromboembolism, arterial thrombosis, and vaccine 
induced immune thrombocytopenia and thrombosis in the Sisonke study

Characteristics Sisonke study All thrombotic events
Venous 
thromboembolism

Arterial 
thrombosis

Vaccine induced 
immune 
thrombocytopenia 
and thrombosis

Total No of participants 477 234 29 (100) 18 (62.1) 9 (31.0) 2 (6.9)
Sex:
  Men 119 753 (25.1) 2 (6.9) 1 (5.6) 1 (11.1) 0 (0)
  Women 357 481 (74.9) 27 (93.1) 17 (94.4) 8 (88.9) 2 (100.0)
Age group (years):
  18- 39 209 411 (43.9) 10 (34.5) 7 (38.9) 2 (22.2) 1 (50.0)
  40- 49 136 967 (28.7) 10 (34.5) 6 (33.3) 3 (22.2) 1 (50.0)
  50- 59 96 235 (20.2) 3 (10.3) 0 (0.0) 3 (33.3) 0 (0.0)
  ≥60 23 389 (7.2) 6 (20.7) 5 (27.8%) 1 (11.1%) 0 (0.0)
Median (IQR) age (years) 42 (33- 51) 46 (37- 55) 44 (34- 60) 46 (43- 55) 39 (28- 49)
Median (IQR) time to onset of 
thrombosis (days)

– 14 (7- 29) 16 (7- 23) 10 (5- 38) 19 (7- 30)

Comorbidities:
  Cancer 1 364 (0.3) 0 (0) 0 (0) 0 (0) 0 (0)
  Chronic lung disease 1 733 (0.4) 0 (0) 1 (5.6) 0 (0) 0 (0)
  Diabetes 28 063 (5.9) 3 (10.3) 1 (5.6) 0 (0) 0 (0)
  Heart disease 3 430 (0.7) 2 (6.9) 0 (0) 1 (8.3) 0 (0)
  HIV 39 386 (8.3) 2 (6.9) 1 (5.6) 1 (8.3) 0 (0.)
  Hypertension 74 381 (15.6) 8 (27.6) 3 (16.7) 3 (33.3) 0 (0)
  Tuberculosis 478 (0.1) 0 (0) 0 (0) 0 (0) 0 (0)

Data are number (%) unless stated otherwise.
IQR=interquartile range.
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Description of vascular thrombotic events
Eighteen (62.1%) venous thromboembolism events 
were observed. Of these, pulmonary embolism and 
deep vein thrombosis were the most common venous 
events, affecting 15 (83.3%) of the 18 participants 
(figure 2). Other venous sites were uncommon pres-
entations: cephalic vein thrombosis (n=1, 5.6%) 
and retinal vein thrombosis (n=1, 5.6%). One 
(5.6%) cerebral venous sinus thrombosis event was 
reported in a woman (aged 30- 39 years). The woman 
presented with a persistent headache followed by a 
seizure 29 days after vaccination, associated with a 
normal platelet count and negative antiplatelet factor 
4 antibodies. When the analysis was grouped by age 
and sex, the observed to expected ratio for cerebral 
venous sinus thrombosis was 2.8 (95% confidence 
interval 0.1 to 15.4) for women aged 30- 39 years.

Of the nine (31.0%) arterial thrombotic events, five 
(55.6%) were ischaemic strokes, two (22.2%) were 
acute coronary syndrome, and one (11.1%) was an 
ischaemic limb associated with positive antiphos-
pholipid antibodies. Also, one patient (11.1%) had 
leucocytoclastic vasculitis, diagnosed by histopatho-
logical examination of a biopsy sample. We found 
no evidence of a clear association between previous 
vaccination with the Ad26.COV2.S vaccine and arte-
rial thrombosis after vaccination. When the analysis 
was grouped by age and sex, the observed to expected 
ratio for ischaemic strokes was 2.5 (95% confidence 
interval 0.3 to 9.0) for women aged 30- 39 years and 
1.2 (0.1 to 4.2) for women aged 40- 49 years.

Of the 29 participants who presented with vascular 
thrombotic events, two (6.9%) fulfilled the diag-
nostic criteria for definite or possible vaccine induced 
immune thrombocytopenia and thrombosis; the first 

had a pulmonary embolus with thrombocytopenia 
and the second a cerebral sinus venous thrombosis 
with thrombocytopenia. These results corresponded 
to an observed to expected ratio of 1.2 (95% confi-
dence interval 0.1 to 6.5) and 10.6 (0.3 to 58.8), 
respectively. The first participant was a woman (aged 
40- 49 years) who presented with a saddle pulmonary 
embolism, platelet count of 34×109/L, positive anti-
platelet factor 4 antibodies of 0.86, confirmed by a 
functional heparin induced thrombocytopenia with 
thrombosis assay (>80%), and plasma concentra-
tions of d- dimers >10.0 mg/L, nine days after vacci-
nation. The second participant was a woman (aged 
20- 29 years) who was admitted to hospital uncon-
scious after a severe headache, restlessness, and 
confusion, one month after vaccination. A computed 
tomography venogram was consistent with cerebral 
venous sinus thrombosis. The antiplatelet factor 4 
antibody assay was negative, and she had marginal 
thrombocytopenia (146×109/L). Both participants 
recovered.

At the time of the data analysis, two deaths (6.9%) 
related to vascular thrombosis were reported. The 
first participant was a woman (aged 60- 69 years) 
with a previous history of venous thromboem-
bolism, who collapsed 23 days after vaccination. 
A pulmonary embolism was diagnosed on post-
mortem examination. The second participant was 
a woman (aged 30- 39 years) who presented with 
a pulmonary embolism, 41 days after vaccination. 
She died after admission to hospital, 42 days after 
vaccination.

Risk factors for vascular thrombotic events
Of the 29 vascular events, 15 (51.7%) occurred 
in participants with one or more comorbidities 
(table 2), and four (13.8%) participants had a history 
of thrombosis.

Discussion
Principal findings
Safety concerns about vascular thrombotic events 
have been raised after vaccination with adenoviral 
vector vaccines against SARS- CoV- 2 infection. Venous 
thromboembolism, arterial thrombosis, and vaccine 
induced immune thrombocytopenia and thrombosis 
events were observed after the first dose of the Ad26.
COV2.S vaccine. This finding prompted a cautionary 
recommendation by the US Centers for Disease 
Control and Prevention advisory committee which 
was endorsed by the Food and Drug Administration. 
This South African population based study of almost 
half a million healthcare workers, aged ≥18 years, 
who received the Ad26.COV2.S vaccine, provides 
further real world evidence that the risk of vascular 
thrombotic events seems to be low, supporting its 
continued use in this setting.

Figure 2 | Categories of vascular thrombosis. Other arterial thrombosis included 
cephalic vein thrombosis (n=1) and retinal vein thrombosis (n=1)
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Comparison with other studies
Venous thromboembolism is among the most 
common causes of morbidity and mortality in 
Africa.31 When considering the effect of vaccination 
on public health, the background incidence rate 
of thrombosis in the general population, as well 
as according to age and sex, should be taken into 

account. Consistent with other population based 
studies, the most common thrombotic event in this 
study population was venous thromboembolism.7–9 
The rates for total venous thromboembolism events 
were below the expected background incidence 
rates of the Clinical Practice Research Datalink 
GOLD database. This finding is in contrast with the 

Table 2 | Observed versus expected vascular thrombotic events after vaccination with the Ad26.COV2.S vaccine in the 
Sisonke study, by sex and age

Observed 
count Person years

Observed incidence rate 
per 100 000 person years 
(95% CI)

Expected incidence 
rate per 100 000 
person years (95% CI)

Expected 
count

Observed to 
expected ratio (95% 
CI)

Venous thromboembolism
Total No of pulmonary 
embolism events

11 94 743.07 11.61 (6.43 to 20.97) 74.0 (72.3 to 75.7) 70.11 0.16 (0.08 to 0.28)

Men:
  Aged 60- 69 years 1 1677.95 59.60 (8.39 to 423.08) 151.3 (141.1 to 

162.1)
2.54 0.39 (0.01 to 2.19)

Women:
  Aged 30- 39 years 3 20 135.48 14.90 (4.81 to 46.20) 40.1 (35.4 to 45.2) 8.07 0.37 (0.08 to 1.09)
  Aged 40- 49 years 4 21 204.73 18.86 (7.08 to 50.26) 50.1 (44.9 to 55.8) 10.62 0.38 (0.10 to 0.96)
  Aged 60- 69 years 3 4137.99 72.50 (23.38 to 224.79) 134.9 (125.4 to 

145.0)
5.58 0.54 (0.11 to 1.57)

Total No of deep vein 
thrombosis events

4 94 743.07 4.22 (1.58 to 11.25) 93.9 (92.0 to 95.9) 88.96 0.04 (0.01 to 0.12)

Women:
  Aged 20- 29 years 1 9989.95 10.01 (1.41 to 71.06) 58.5 (52.4 to 65.2) 5.84 0.17 (0 to 0.95)
  Aged 30- 39 years 2 20 135.48 9.93 (2.48 to 39.72) 71.8 (65.5 to 78.6) 14.46 0.14 (0.02 to 0.5)
  Aged 40- 49 years 1 21 204.73 4.72 (0.66 to 33.48) 80.4 (73.7 to 87.5) 17.05 0.06 (0 to 0.33)
Total No of cerebral ve-
nous sinus thrombosis 
events

1 94 743.07 1.06 (0.15 to 7.49) 1.2 (1.0 to 1.5) 1.14 0.88 (0.02 to 4.9)

Women:
  Aged 30- 39 years 1 20 135.48 4.97 (0.70 to 35.26) 1.8 (0.9 to 3.2) 0.36 2.76 (0.07 to 15.37)
Arterial thrombosis
Total No of ischaemic 
stroke events

5 94 743.07 5.28 (2.20 to 12.68) 29.6 (28.5 to 30.7) 28.04 0.18 (0.06 to 0.42)

Women:
  Aged 30- 39 years 2 20 135.48 9.93 (2.48 to 39.72) 4.0 (2.6 to 5.8) 0.81 2.48 (0.30 to 8.97)
  Aged 40- 49 years 2 21 204.73 9.43 (2.36 to 37.71) 8.2 (6.2 to 10.7) 1.74 1.15 (0.14 to 4.16)
  Aged 50- 59 years 1 15 054.54 6.64 (0.94 to 47.16) 17.3 (14.4 to 20.7) 2.6 0.38 (0.01 to 2.14)
Total No of acute coro-
nary syndrome events

2 94 743.07 2.11 (0.53 to 8.44) 138.8 (136.5 to 
141.2)

131.5 0.02 (0 to 0.05)

Men:
  Aged 60- 69 years 1 1677.95 59.60 (8.39 to 423.08) 437.2 (419.7 to 

455.4)
7.34 0.14 (0 to 0.76)

Women:
  Aged 40- 49 years 1 21 204.73 4.72 (0.66 to 33.48) 33.9 (29.7 to 38.7) 7.19 0.14 (0 to 0.78)
Vaccine induced immune thrombocytopenia and thrombosis
Total No of pulmonary 
embolism and thrombo-
cytopenia events

1 94 743.07 1.06 (0.15 to 7.49) 0.9 (0.7 to 1.1) 0.85 1.17 (0.03 to 6.53)

Women:
  Aged 40- 49 years 1 21 204.73 4.72 (0.66 to 33.48) 0.3 (0.1 to 0.8) 0.06 15.72 (0.4 to 87.58)
Total No of cerebral si-
nus venous thrombosis 
and thrombocytopenia 
events

1 94 743.07 1.06 (0.15 to 7.49) 0.1 (0.1 to 0.2) 0.09 10.55 (0.27 to 
58.81)

Women:
  Aged 20- 29 years 1 9989.98 10.01 (1.41 to 71.06) – – –

CI=confidence interval.
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substantially increased rates of venous thrombo-
embolism secondary to covid- 19 disease.32–34 In 
particular, earlier strains of the SARS- CoV- 2 virus 
were associated with an increased rate of pulmo-
nary embolism (>30%) in patients admitted to 
hospital.35–37 Nonetheless, we found an increase in 
the incidence of definite or possible vaccine induced 
immune thrombocytopenia and thrombosis. Vaccine 
induced immune thrombocytopenia and thrombosis 
has consistently been reported as a rare event in the 
general population.11 12 These two (6.9%) patients 
(pulmonary embolus with thrombocytopenia and 
cerebral sinus venous thrombosis with thrombocyto-
penia) were diagnosed and managed with the support 
of the protocol safety review team, and both partici-
pants recovered. Timely identification of these events 
will ensure the successful management of vaccine 
induced immune thrombocytopenia and thrombosis 
according to published recommendations.25

Furthermore, we found no increase in the rates 
of arterial thromboembolism. Our subanalysis 
according to age and sex, in women aged 30- 39 
years, showed three ischaemic strokes in the vaccine 
cohort compared with one expected event. This 
finding should be interpreted in terms of recently 
published data which reported a 2- 3- fold higher 
incidence of stroke in Africa than in Europe.38 Also, 
more than half of the vascular thrombotic events in 
our study occurred in participants with one or more 
cardiovascular risk factors. Moreover, according to a 
recent meta- analysis, patients with severe covid- 19 
disease have a fivefold increased risk of stroke.39 
Specific immune mediated and prothrombotic mech-
anisms contribute to the increased risk of vascular 
thrombotic events, providing another clear reason 
for vaccination.

Strengths and limitations of this study
The findings of the Sisonke study have important regu-
latory implications. The Ad26.COV2.S vaccine showed 
>60% protection against severe covid- 19 disease and 
>80% protection against death related to SARS- CoV- 2 
infection.40 Therefore, the risk- to- benefit ratio of vacci-
nation at the population level is encouraging. From a 
public health perspective, the Ad26.COV2.S vaccine 
represents a practical solution for Africa, with limited 
resources,22 owing to the less stringent storage require-
ments and single dose scheduling associated with 
reasonable efficacy.40

Our study had several limitations. Firstly, the Sisonke 
study is mainly a passive surveillance system, relying 
on self- reporting, and therefore adverse events after 
vaccination with the Ad26.COV2.S vaccine might have 
been under- reported. Because the study cohort were 
heathcare workers, however, adverse events would 
likely have been reported, with the the potential for 
overreporting of adverse events. Also, the temporary 
suspension in adenovirus based vaccinations in April 
2021 could have increased participants’ levels of 

clinical awareness and self- reporting of adverse events. 
In our study, comparison of adverse events with mRNA 
based vaccines was not possible because Ad26.COV2.S 
was the only available vaccine at the time of this study. 
In the study of Cari et al,6 to reduce under- reporting 
and overreporting biases, adverse events with a mRNA 
based covid- 19 vaccine were compared with adeno-
virus based vaccines. All adverse events assessed in this 
study were verified by our study investigators.

Secondly, the observed to expected analysis should 
be considered in terms of the non- South African refer-
ence data. The background incidence rates of the 
GOLD database were selected because they included 
thromboses of special interest for covid- 19 vaccina-
tions, with rates grouped by sex and age. Subsequently, 
Discovery Health conducted a study of South African 
medical insurance claims for adverse events related to 
the Ad26.COV2.S vaccine between February 2021 and 
September 2021. This study compared adverse events 
(venous thromboembolic events, stroke, and myocar-
dial infarction) in 103 315 recipients of a vaccine and 
matched individuals who were not vaccinated (online 
supplemental table 4) but no signifcant differences 
were found.

Thirdly, owing to the small number of adverse 
events, comparisons with the incidence in the 
expected population were associated with wide 95% 
confidence intervals and therefore no conclusions 
could be drawn from the data. Ongoing surveillance 
is needed to identify further venous and arterial 
thromboembolism events and to improve the accu-
racy of the data estimates. Fourthly, the Sisonke 
study did not report participants’ race and therefore 
adverse events could not be grouped by race. Lastly, 
risk factors for venous thromboembolism, such as 
history of thrombosis, inherited thrombophilia, and 
use of oral contraceptives, were not available for all 
participants.

Conclusions
In our pharmacovigilance study of single dose 
Ad26.COV2.S vaccine, we found two patients with 
vaccine induced immune thrombocytopenia and 
thrombosis among almost half a million recipients. 
The risks of total venous or arterial thromboembo-
lism events were also low. The incidence of cerebral 
and splanchnic venous thrombosis with or without 
thrombocytopenia seemed to be lower after vaccina-
tion with the Ad26.COV2.S vaccine than the ChAdOx1 
nCoV- 19 vaccine, as reported by the EudraVigilance 
European database.19 These risks, when interpreted 
with data on the effectiveness of the Ad26- CoV2.S 
vaccine against severe disease and death, emphasise 
the benefit versus risk of the Ad26.CoV2.S vaccine at 
the population level.

AUTHOR AFFILIATIONS
1Molecular Medicine and Haematology, Faculty of Health Sciences, 
University of the Witwatersrand, Johannesburg, South Africa

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jm
edicine.bm

j.com
/

bm
jm

ed: first published as 10.1136/bm
jm

ed-2022-000302 on 24 M
arch 2023. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjmed-2022-000302
https://dx.doi.org/10.1136/bmjmed-2022-000302
http://bmjmedicine.bmj.com/


Jacobson BF, et al. BMJMED 2023;2:e000302. doi:10.1136/bmjmed-2022-0003028

OPEN ACCESSOPEN ACCESS

2Hutchinson Centre Research Institute of South Africa (HCRISA), 
Chris Hani Baragwanath Hospital, Johannesburg, South Africa
3The Southern African Society of Thrombosis and Haemostasis, 
Neurology Association of South Africa, Johannesburg, South Africa
4Division of Clinical Haematology, Department of Medicine, Faculty 
of Health Sciences, University of Cape Town and Groote Schuur 
Hospital, Cape Town, South Africa
5Division of Haematology, Department of Pathology, University of 
Cape Town and National Health Laboratory Service, Cape Town, 
South Africa
6Desmond Tutu HIV Centre, University of Cape Town, Cape Town, 
South Africa
7Centre for the AIDS Programme of Research in South Africa, 
Durban, South Africa
8Discipline of Public Health Medicine, School of Nursing and Public 
Health, University of KwaZulu- Natal, Durban, South Africa
9HIV and Other Infectious Diseases Research Unit, South African 
Medical Research Council, Cape Town, South Africa
10Paediatrics and Child Health, University of Pretoria, Pretoria, South 
Africa
11Biostatistics Research Unit, South African Medical Research 
Council, Durban, South Africa
12Nelson R Mandela School of Medicine, Centre for the AIDS 
Programme of Research in South Africa, University of KwaZulu Natal, 
Durban, South Africa
13Clinical HIV Research Unit, University of the Witwatersrand Faculty 
of Sciences, Johannesburg, South Africa
14Division of Allergy and Clinical Immunology, Faculty of Health 
Sciences, University of Cape Town, Cape Town, South Africa
15Allergy and Immunology Unit, University of Cape Town Lung 
Institute, Cape Town, South Africa
16Right To Care, Johannesburg, South Africa
17Discovery Health, Johannesburg, South Africa
18School of Health Systems and Public Health, University of Pretoria, 
Faculty of Health Sciences, Pretoria, South Africa
19Perinatal HIV Research Unit, University of the Witwatersrand, 
Faculty of Health Sciences, Johannesburg, South Africa
Correction notice This article has been corrected since it 
first published. Author affiliations have been corrected.

Acknowledgements We thank Tommy Chen, Dave Jacobs, Donald 
Ntjana, Jared Champion, Karl Bernhardt, and Smybbin Mathews for 
their insightful contribution to the manuscript.

Contributors ST, AT, ISe, NYZ, ISa, LGB, GG, AG, and NG conceived 
the study. ST, AT, JP, JO, VL, PFR, BFJ, ISa, LGB, MR, GG, AG, and NG 
were members of the safety team. The data were curated by ST, AT, 
ISe, NYZ, TR, AG, and NG. The data were analysed by NYZ, TR, and 
SC. ES, ST, and BFJ wrote the original manuscript. All authors critically 
reviewed the manuscript and all revisions. The corresponding author 
attests that all listed authors meet authorship criteria and that no 
others meeting the criteria have been omitted. BFJ is the guarantor. 
Transparency: The lead author (the guarantor) affirms that the 
manuscript is an honest, accurate, and transparent account of the 
study being reported; that no important aspects of the study have 
been omitted; and that any discrepancies from the study as planned 
(and, if relevant, registered) have been explained.

Funding The study was funded by the National Treasury of South 
Africa, National Department of Health, Solidarity Response Fund NPC, 
Michael and Susan Dell Foundation, Elma Vaccines and Immunisation 
Foundation, and Bill and Melinda Gates Foundation. The funders had 
no role in considering the study design or in the collection, analysis, 
interpretation of data, writing of the report, or decision to submit the 
article for publication.

Competing interests All authors have completed the ICMJE uniform 
disclosure form at www.icmje.org/disclosure-of-interest/ and 
declare: support from National Treasury of South Africa, National 
Department of Health, Solidarity Response Fund NPC, Michael and 
Susan Dell Foundation, Elma Vaccines and Immunisation Foundation, 
and Bill and Melinda Gates Foundation for the submitted work; no 
financial relationships with any organisations that might have an 
interest in the submitted work in the previous three years; no other 
relationships or activities that could appear to have influenced the 
submitted work.

Ethics approval This study involves human participants and was 
approved by the South African Health Products Regulatory Authority 
(reference 20200465). Participants gave informed consent to 
participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer 
reviewed.

Data availability statement All data relevant to the study are 
included in the article or uploaded as supplementary information.

Supplemental material This content has been supplied by the 
author(s). It has not been vetted by BMJ Publishing Group Limited 
(BMJ) and may not have been peer- reviewed. Any opinions or 
recommendations discussed are solely those of the author(s) 
and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not 
warrant the accuracy and reliability of the translations (including 
but not limited to local regulations, clinical guidelines, terminology, 
drug names and drug dosages), and is not responsible for any 
error and/or omissions arising from translation and adaptation or 
otherwise.

Open access This is an open access article distributed in accordance 
with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) 
license, which permits others to copy, redistribute, remix, transform 
and build upon this work for any purpose, provided the original 
work is properly cited, a link to the licence is given, and indication 
of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iD
Amber Khan http://orcid.org/0000-0002-9950-0464

REFERENCES

 1 Sadoff J, Gray G, Vandebosch A, et al. Final analysis of efficacy and 
safety of single- dose Ad26.COV2.S. N Engl J Med 2022;386:847–60. 
10.1056/NEJMoa2117608

 2 Haas EJ, Angulo FJ, McLaughlin JM, et al. Impact and effectiveness 
of mRNA BNT162b2 vaccine against SARS- CoV- 2 infections and 
COVID- 19 cases, hospitalisations, and deaths following a nationwide 
vaccination campaign in Israel: an observational study using 
national surveillance data. Lancet 2021;397:1819–29. 10.1016/
S0140-6736(21)00947-8

 3 Voysey M, Clemens SAC, Madhi SA, et al. Safety and efficacy of the 
ChAdOx1 nCoV- 19 vaccine (AZD1222) against SARS- CoV- 2: an interim 
analysis of four randomised controlled trials in Brazil, South Africa, 
and the UK. Lancet 2021;397:99–111. 10.1016/S0140-6736(20)32661-
1

 4 El Sahly HM, Baden LR, Essink B, et al. Efficacy of the mRNA- 1273 
SARS- CoV- 2 vaccine at completion of blinded phase. N Engl J Med 
2021;385:1774–85. 10.1056/NEJMoa2113017

 5 Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the 
BNT162b2 mRNA Covid- 19 vaccine. N Engl J Med 2020;383:2603–15. 
10.1056/NEJMoa2034577

 6 Cari L, Alhosseini MN, Fiore P, et al. Cardiovascular, neurological, 
and pulmonary events following vaccination with the BNT162b2, 
ChAdOx1 nCoV- 19, and Ad26.COV2.S vaccines: an analysis 
of european data. J Autoimmun 2021;125:102742. 10.1016/j.
jaut.2021.102742

 7 European Medicines Agency. COVID- 19 vaccine safety update. 
vaxzevria 2021. Amsterdam, The Netherlands: EMA, 2021.

 8 European Medicines Agency. News: astrazeneca’s COVID- 19 vaccine: 
EMA finds possible link to very rare cases of unusual blood clots 
with low blood platelets. Amsterdam, The Netherlands: EMA, 2021.

 9 Smadja DM, Yue Q- Y, Chocron R, et al. Vaccination against 
COVID- 19: insight from arterial and venous thrombosis occurrence 
using data from vigibase. Eur Respir J 2021;58:2100956. 
10.1183/13993003.00956-2021

 10 Cari L, Fiore P, Naghavi Alhosseini M, et al. Blood clots and bleeding 
events following BNT162b2 and ChAdOx1 nCoV- 19 vaccine: an 
analysis of european data. J Autoimmun 2021;122:102685. 10.1016/j.
jaut.2021.102685

 11 Schultz NH, Sørvoll IH, Michelsen AE, et al. Thrombosis and 
thrombocytopenia after ChAdOx1 nCoV- 19 vaccination. N Engl J Med 
2021;384:2124–30. 10.1056/NEJMoa2104882

 12 See I, Su JR, Lale A, et al. US case reports of cerebral venous sinus 
thrombosis with thrombocytopenia after Ad26.COV2.S vaccination, 
March 2 to April 21, 2021. JAMA 2021;325:2448–56. 10.1001/
jama.2021.7517

 13 Wise J. Covid- 19: european countries suspend use of oxford- 
astrazeneca vaccine after reports of blood clots. BMJ 2021;372:699. 
10.1136/bmj.n699

 14 Greinacher A, Thiele T, Warkentin TE, et al. Thrombotic 
thrombocytopenia after chadox1 ncov- 19 vaccination. N Engl J Med 
2021;384:2092–101. 10.1056/NEJMoa2104840

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jm
edicine.bm

j.com
/

bm
jm

ed: first published as 10.1136/bm
jm

ed-2022-000302 on 24 M
arch 2023. D

ow
nloaded from

 

https://www.google.com/url?q=http://www.icmje.org/disclosure-of-interest/&sa=D&source=editors&ust=1677773841404714&usg=AOvVaw09b1xBPt7YJ_ICPgVGCh9b
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-9950-0464
http://dx.doi.org/10.1056/NEJMoa2117608
http://dx.doi.org/10.1016/S0140-6736(21)00947-8
http://dx.doi.org/10.1016/S0140-6736(20)32661-1
http://dx.doi.org/10.1056/NEJMoa2113017
http://dx.doi.org/10.1056/NEJMoa2034577
http://dx.doi.org/10.1016/j.jaut.2021.102742
http://dx.doi.org/10.1183/13993003.00956-2021
http://dx.doi.org/10.1016/j.jaut.2021.102685
http://dx.doi.org/10.1056/NEJMoa2104882
http://dx.doi.org/10.1001/jama.2021.7517
http://dx.doi.org/10.1136/bmj.n699
http://dx.doi.org/10.1056/NEJMoa2104840
http://bmjmedicine.bmj.com/


Jacobson BF, et al. BMJMED 2023;2:e000302. doi:10.1136/bmjmed-2022-000302 9

OPEN ACCESSOPEN ACCESS

 15 Scully M, Singh D, Lown R, et al. Pathologic antibodies to platelet 
factor 4 after ChAdOx1 nCoV- 19 vaccination. N Engl J Med 
2021;384:2202–11. 10.1056/NEJMoa2105385

 16 Brighton Collaboration. Interim case definition of thrombosis with 
thrombocytopenia syndrome (TTS). 2021. Available: https://brighton 
collaboration.us/thrombosis-with-thrombocytopenia-syndrome- 
interim-case-definition/Date [Accessed 23 Sep 2022].

 17 Pavord S, Scully M, Hunt BJ, et al. Clinical features of vaccine- 
induced immune thrombocytopenia and thrombosis. N Engl J Med 
2021;385:1680–9. 10.1056/NEJMoa2109908

 18 MacNeil JR, Su JR, Broder KR, et al. Updated recommendations 
from the Advisory Committee on immunization practices for use of 
the janssen (Johnson & Johnson) COVID- 19 vaccine after reports 
of thrombosis with thrombocytopenia syndrome among vaccine 
recipients- United States, April 2021. MMWR Morb Mortal Wkly Rep 
2021;70:651–6. 10.15585/mmwr.mm7017e4

 19 European Medicines Agency. EudraVigilance: European database 
of suspected adverse drug reaction reports. Amsterdam, The 
Netherlands: EMA. 2021. Available: www.adrreports.eu/en/ 
background.html [Accessed Apr 2021].

 20 Takuva S, Takalani A, Garrett N, et al. Thromboembolic events 
in the south african ad26.COV2.S vaccine study. N Engl J Med 
2021;385:570–1. 10.1056/NEJMc2107920

 21 Takuva S, Takalani A, Seocharan I, et al. Safety evaluation of the 
single- dose ad26.COV2.S vaccine among healthcare workers in the 
sisonke study in South Africa: a phase 3B implementation trial. PLoS 
Med 2022;19:e1004024. 10.1371/journal.pmed.1004024

 22 Bonhoeffer J, Kohl K, Chen R, et al. The Brighton collaboration: 
addressing the need for standardized case definitions of adverse 
events following immunization (AEFI). Vaccine 2002;21:298–302. 
10.1016/s0264-410x(02)00449-8

 23 Solomon CG, Greinacher A. Heparin- Induced thrombocytopenia. N 
Engl J Med 2015;373:252–61. 10.1056/NEJMcp1411910

 24 Jacobson BF, Schapkaitz E, Mer M, et al. Recommendations for the 
diagnosis and management of vaccine- induced immune thrombotic 
thrombocytopenia. S Afr Med J 2021;111:535–7.

 25 Sheridan D, Carter C, Kelton JG. A diagnostic test for heparin- induced 
thrombocytopenia. Blood 1986;67:27–30. 10.1182/blood.V67.1.27.27

 26 Nazy I, Sachs UJ, Arnold DM, et al. Recommendations for the clinical 
and laboratory diagnosis of VITT against COVID- 19: communication 
from the ISTH SSC Subcommittee on platelet immunology. J Thromb 
Haemost 2021;19:1585–8. 10.1111/jth.15341

 27 Herrett E, Gallagher AM, Bhaskaran K, et al. Data resource 
profile: clinical practice research Datalink (CPRD). Int J Epidemiol 
2015;44:827–36. 10.1093/ije/dyv098

 28 Wolf A, Dedman D, Campbell J, et al. Data resource profile: 
clinical practice research Datalink (CPRD) aurum. Int J Epidemiol 
2019;48:1740–1740g. 10.1093/ije/dyz034

 29 Burn E, Li X, Kostka K, et al. Background rates of five thrombosis 
with thrombocytopenia syndromes of special interest for COVID- 19 
vaccine safety surveillance: incidence between 2017 and 2019 and 
patient profiles from 38.6 million people in six European countries. 
Pharmacoepidemiol Drug Saf 2022;31:495–510. 10.1002/pds.5419

 30 Danwang C, Temgoua MN, Agbor VN, et al. Epidemiology of venous 
thromboembolism in Africa: a systematic review. J Thromb Haemost 
2017;15:1770–81. 10.1111/jth.13769

 31 Cohen SL, Gianos E, Barish MA, et al. Prevalence and predictors of 
venous thromboembolism or mortality in hospitalized COVID- 19 
patients. Thromb Haemost 2021;121:1043–53. 10.1055/a-1366-9656

 32 Cohen CT, Riedl RA, Gowda ST, et al. Pulmonary embolism in 
pediatric and adolescent patients with COVID- 19 infection during 
the SARS- cov- 2 delta wave. Pediatr Blood Cancer 2022;69:e29721. 
10.1002/pbc.29721

 33 Lee Y, Jehangir Q, Li P, et al. Venous thromboembolism in COVID- 19 
patients and prediction model: a multicenter cohort study. BMC 
Infect Dis 2022;22:462. 10.1186/s12879-022-07421-3

 34 Bellmunt- Montoya S, Riera C, Gil D, et al. COVID- 19 infection 
in critically ill patients carries a high risk of venous thrombo- 
embolism. Eur J Vasc Endovasc Surg 2021;61:628–34. 10.1016/j.
ejvs.2020.12.015

 35 Tan BK, Mainbourg S, Friggeri A, et al. Arterial and venous 
thromboembolism in COVID- 19: a study- level meta- analysis. Thorax 
2021;76:970–9. 10.1136/thoraxjnl-2020-215383

 36 Jiménez D, García- Sanchez A, Rali P, et al. Incidence of vte 
and bleeding among hospitalized patients with coronavirus 
disease 2019: a systematic review and meta- analysis. Chest 
2021;159:1182–96. 10.1016/j.chest.2020.11.005

 37 Akinyemi RO, Ovbiagele B, Adeniji OA, et al. Stroke in Africa: profile, 
progress, prospects and priorities. Nat Rev Neurol 2021;17:634–56. 
10.1038/s41582-021-00542-4

 38 WHO international- News Room feature stories. The Janssen Ad26.
COV2.S COVID- 19 vaccine: What you need to know. 2022. Available: 
www.who.int/news-room/feature-stories/detail/the-j-j-covid-19- 
vaccine-what-you-need-to-know

 39 Nannoni S, de Groot R, Bell S, et al. Stroke in COVID- 19: a 
systematic review and meta- analysis. Int J Stroke 2021;16:137–49. 
10.1177/1747493020972922

 40 Bekker L- G, Garrett N, Goga A, et al. Effectiveness of the Ad26.
COV2.S vaccine in health- care workers in South Africa (the 
Sisonke study): results from a single- arm, open- label, phase 3B, 
implementation study. Lancet 2022;399:1141–53. 10.1016/S0140-
6736(22)00007-1

 ► Additional supplemental material is published online only. To 
view, please visit the journal online (http:// dx. doi. org/ 10. 1136/ 
bmjmed- 2022- 000302).

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jm
edicine.bm

j.com
/

bm
jm

ed: first published as 10.1136/bm
jm

ed-2022-000302 on 24 M
arch 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1056/NEJMoa2105385
https://brightoncollaboration.us/thrombosis-with-thrombocytopenia-syndrome-interim-case-definition/Date
https://brightoncollaboration.us/thrombosis-with-thrombocytopenia-syndrome-interim-case-definition/Date
https://brightoncollaboration.us/thrombosis-with-thrombocytopenia-syndrome-interim-case-definition/Date
http://dx.doi.org/10.1056/NEJMoa2109908
http://dx.doi.org/10.15585/mmwr.mm7017e4
www.adrreports.eu/en/background.html
www.adrreports.eu/en/background.html
http://dx.doi.org/10.1056/NEJMc2107920
http://dx.doi.org/10.1371/journal.pmed.1004024
http://dx.doi.org/10.1371/journal.pmed.1004024
http://dx.doi.org/10.1016/s0264-410x(02)00449-8
http://dx.doi.org/10.1056/NEJMcp1411910
http://dx.doi.org/10.1056/NEJMcp1411910
http://dx.doi.org/34382561
http://dx.doi.org/10.1182/blood.V67.1.27.27
http://dx.doi.org/10.1111/jth.15341
http://dx.doi.org/10.1111/jth.15341
http://dx.doi.org/10.1093/ije/dyv098
http://dx.doi.org/10.1093/ije/dyz034
http://dx.doi.org/10.1002/pds.5419
http://dx.doi.org/10.1111/jth.13769
http://dx.doi.org/10.1055/a-1366-9656
http://dx.doi.org/10.1002/pbc.29721
http://dx.doi.org/10.1186/s12879-022-07421-3
http://dx.doi.org/10.1186/s12879-022-07421-3
http://dx.doi.org/10.1016/j.ejvs.2020.12.015
http://dx.doi.org/10.1136/thoraxjnl-2020-215383
http://dx.doi.org/10.1016/j.chest.2020.11.005
http://dx.doi.org/10.1038/s41582-021-00542-4
www.who.int/news-room/feature-stories/detail/the-j-j-covid-19-vaccine-what-you-need-to-know
www.who.int/news-room/feature-stories/detail/the-j-j-covid-19-vaccine-what-you-need-to-know
http://dx.doi.org/10.1177/1747493020972922
http://dx.doi.org/10.1016/S0140-6736(22)00007-1
http://dx.doi.org/10.1136/bmjmed-2022-000302
http://dx.doi.org/10.1136/bmjmed-2022-000302
http://bmjmedicine.bmj.com/


Table 1S | Definitions of Vaccine-induced Immune Thrombocytopenia and Thrombosis (VITT) 

according to Expert Haematology Panel 17  

Definite 

VITT   

All five criteria:   

1. Onset of symptoms 5–30 days after vaccination against SARS-CoV-2 

(or ≤42 days in patients with isolated deep-vein thrombosis or 

pulmonary embolism)   

2. Presence of thrombosis   

3. Thrombocytopenia (platelet count <150 x 109/L)  

4. D-dimer> 4000 FEU   

5. Positive anti-PF4 antibodies on ELISA  

Probable 

VITT   

D-dimer level >4000 FEU but one criterion not met (timing, thrombosis,  

thrombocytopenia, or anti-PF4 antibodies) or d-dimer level unknown or 2000–
4000 FEU and all other criteria met  

Possible 

VITT   

D-dimer level unknown or 2000–4000 FEU with one other criterion not met, or 

two other criteria not met (timing, thrombosis, thrombocytopenia, or anti-PF4 

antibodies)   

Unlikely 

VITT  

Platelet count <150 x 109/L and d-dimer level <2000 FEU, or thrombosis with 

platelet count >150 x 109/L and d-dimer level <2000 FEU, regardless of anti-

PF4 antibody result, and alternative diagnosis more likely  

Key: ELISA, enzyme-linked immunosorbent assay; FEU, fibrinogen-equivalent unit; PF4. 

platelet factor 4 and SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.  
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Table 2S |Brighton Collaboration interim case definition of Thrombosis with Thrombocytopenia  

 

  

 

 

Confirmed TTS  Presence of major criteria:  

1. presence of new onset severe 

thrombocytopenia defined as a platelet 

count <50 x 109/L, and   

2. new thrombosis at uncommon site: 

cerebral veins, splanchnic veins or 

multiple organ  

3. Positive anti-platelet factor 4 antibodies  

Probable TTS   Presence of major and minor criteria:     

1.       presence of new onset severe              

   thrombocytopenia defined as a platelet   

   count <50 x 109/L, and   

2.       new thrombosis at common site:   

   pulmonary arteries/veins, limb veins,      

   coronary arteries, cerebral arteries or   

   other arteries/vein  

 OR  1.         presence of new onset mild to moderate   

                    thrombocytopenia defined as a platelet  

                    count <150                 x109/L, and   

       2.        new thrombosis at uncommon site.  

Possible TTS Presence of minor criteria:  

1. presence of new onset mild to  

moderate thrombocytopenia defined as a 

platelet count <150 x 109/L, and   

2. new thrombosis at common site.  

       or  

1. presence of new onset  

thrombocytopenia defined as a platelet 

count <150 or >50 x 109/L, or >50% 

decrease from baseline platelet count 

and  

2. suggestive thrombosis by supporting  

imaging or laboratory findings or by 

clinical syndromes in any location   

3. D-dimer > 4000 FEU 
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Supplementary material  

Clinical twin study  

  

Data & Methodology  

We assessed the risk of 179 conditions post vaccination with AD26.COV2.s amongst Discovery 

Health clients from 17 February 2021 to 15 September 2021, 18 years and older that had at least 6 

months of exposure on Discovery Health.  The list of conditions includes 25 conditions analysed 

in a real world safety study of BNT162b2 vaccination in Israel  (Noam Barda, 2021), and a further 

154 conditions which are considered immune mediated conditions (Table 4a). Real world safety 

studies amongst large populations are more likely to provide sufficient volumes to power risk ratio 

estimates of rare adverse events amongst the vaccinated population compared to randomized 

control studies which typically have lower volumes. The safety and immunogenicity study of the 

AD26.COV2.s vaccine was based on 43, 783 participants, split equally between those vaccinated 

with  and those vaccinated with placebo  (Sadoff, 2021). Comparison against unvaccinated controls 

provides greater certainty that identified adverse events are vaccine induced as it provides a risk 

relative to the population’s baseline risk over a consistent timeframe. Registries of voluntary 
vaccine safety adverse events such as VAERS and the reporting system managed by the South 

African Health Products Regulatory Agency, unfortunately lack a relevant temporal comparison 

of underlying adverse events in the unvaccinated general population. This study compares adverse 

events amongst the vaccinated population against ‘clinical twins’ who did not receive vaccination 
The ‘clinical twin’ approach was based on the following matching criteria:  

• Age: clinical twins were matched within one year of age of each other  

• Member’s sex: Male (M) or Female (F)  

• Location: Hospital service area in South Africa  

• Number of chronic conditions: 0, 1, 2, 3, 4 or more  

• Number of prior flu vaccinations: 0, 1, 2, 3, 4, 5 or more. People who had a flu 

vaccination in the years leading up to and during the COVID-19 pandemic were likely to 

be more aware of promoting their general health and wellbeing and adhere to preventive 

measures.   

• One of five medical scheme product options: Looking at out-of-hospital benefits we 

divided the 24 plans available through both Discovery Health Medical Scheme and 18 of 

the Discovery Health administered schemes, into 5 groups.  
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We assessed the rate of 179 adverse events in the vaccinated population, from the date of 

vaccination until 42 days after receipt of vaccination to matched unvaccinated ‘clinical twin’ 
controls. For each condition assessed, clients with a history of the condition were excluded from 

the analysis i.e. both the vaccinated and matched unvaccinated controls had no prior history of the 

condition, resulting in the new onset of the condition of interest being analysed after vaccination, 

relative to the matched baseline population. Individuals with a history of any prior COVID19 

vaccination were excluded.  

To obtain confidence intervals around risk ratio estimates and the number of adverse events in the 

study and comparator populations, we bootstrapped amongst our vaccinated population with 

replacement 500 times. Within each bootstrap vaccinated individuals were matched to a clinical 

twin, randomly. Once a clinical twin was selected, it was not eligible for selection again within a 

particular bootstrap. The 95% confidence interval was obtained by the following formula for each 

of the respective measures analysed (i.e. the risk ratio and number adverse events) : 95%𝐶𝐼 = 𝜇 ± 

1.96𝜎 , where 𝜇 is the mean and 𝜎 is the standard deviation across bootstraps.  

Results  

103,315 vaccinated individuals were included in the study. There was a higher proportion of 

females included (67.6%), as the majority of vaccine recipients were healthcare workers 

vaccinated under the Sisonke clinical trial, and the nursing profession in South Africa is 

disproportionately weighted towards females (Table 4b). None of the 179 conditions evaluated 

amongst the vaccinated population had a statistically significant higher incidence risk ratio relative 

to unvaccinated controls (Table 4c).  
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Table 4a: List of analysed conditions   
Pulmonary 

embolism  Evans syndrome  
Sympathetic 

ophthalmia (SO)  Graves disease  
Mucha-Habermann  
disease  

Interstitial 

cystitis (IC)  

Kawasaki disease  
Immune thrombocytopenic 

purpura (ITP)  Optic neuritis  Ocular cicatricial pemphigoid  Pernicious anemia (PA)  
Autoimmune 

retinopathy  
Sperm &  

Acute kidney  Thrombocytopenic purpura  Leukocytoclastic  Antiphospholipid  testicular  
injury  (TTP)  vasculitis  Takayasus arteritis  syndrome  autoimmunity  

 
Herpes  

Seizure  Herpes zoster infection  
Hypersensitivity 

pneumonitis  
Paraneoplastic cerebellar 

degeneration (PCD)  Neuromyelitis optica  
simplex 

infection  

Arrhythmia  PANDAS  Lichen sclerosus  Bells palsy  

Myelin Oligodendrocyte  
Glycoprotein Antibody 

Disorder  Fibromyalgia  
Juvenile diabetes 

(Type 1 diabetes)  Coxsackie myocarditis  Myasthenia gravis  
Devics disease (neuromyelitis 

optica)  
Anti-GBM/Anti-TBM  
nephritis  

Autoimmune  
oophoritis  

Type 1 diabetes  

Chronic inflammatory 

demyelinating 

polyneuropathy (CIDP)  Achalasia  Lambert-Eaton syndrome  POEMS syndrome  
Ligneous 

conjunctivitis  

Anemia  

Syncope  

Reactive Arthritis  

Henoch-Schonlein purpura  
(HSP)  

Mixed connective 

tissue disease (MCTD) 

Undifferentiated 

connective tissue 

disease (UCTD)  

Dresslers syndrome  Chagas disease  
Rheumatoid  
arthritis  

Hypogammalglobulinemia  Lyme disease chronic  
Progesterone 

dermatitis  

Glomerulonephriti 
s  Lupus  Erythema nodosum  

Polyglandular syndromes type I,  
II, III  Adult Still's disease  

Arthritis or 

arthropathy  

Cerebrovascular 

accident  Polymyositis  
Progressive systemic 

sclerosis  

Churg-Strauss Syndrome (CSS)  
or Eosinophilic Granulomatosis 

(EGPA)  Polyarteritis nodosa  
Autoimmune  
orchitis  

Deep-vein 

thrombosis  

Pericarditis 

Myocardial 

infarction  

Subacute bacterial 

endocarditis (SBE)  

Autoimmune pancreatitis  

Ankylosing spondylitis  

Alopecia areata  

Granulomatosis with Polyangiitis  

Juvenile myositis (JM)  

Lichen planus  
Hyperthyroidis 

m  

Scleroderma  
Intracranial 

hemorrhage  
Autoimmune 

encephalomyelitis  Pemphigus  Eosinophilic fasciitis  Vitiligo  
Castleman 

disease (CD)  
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 Linear IgA disease  Essential mixed  
Vertigo  Multiple sclerosis  (LAD)  cryoglobulinemia  Other Immune responses  Lymphopenia  
 Goodpastures  Bullous  
Myocarditis  Transverse myelitis  syndrome  Pure red cell aplasia (PRCA)  Dermatomyositis  pemphigoid Giant cell Primary sclerosing 

IgG4-related Hidradenitis Suppurativa myocarditis cholangitis sclerosing disease CREST syndrome (HS) (Acne Inversa) Crohns disease  

 
Fibrosing 

alveolitis  Polymyalgia rheumatica  Behcets disease  
Postmyocardial infarction 

syndrome  
Microscopic polyangiitis 

(MPA)  
Sjögrens 

syndrome  
Autoimmune  
urticarial  

Pars planitis (peripheral 

uveitis)  
Benign mucosal 

pemphigoid  Inclusion body myositis (IBM)  Autoimmune hepatitis  
Addisons 

disease  
Perivenous 

encephalomyelitis  Uveitis  Other thrombosis  Palindromic rheumatism (PR)  Juvenile arthritis  
Retroperitonea 

l fibrosis  

Paresthesia  
Vogt-Koyanagi-Harada 

Disease  Baló disease  
Chronic recurrent multifocal 

osteomyelitis (CRMO)  Motor neuron disease  
Autoimmune 

angioedema  

Rheumatic fever  Peripheral neuropathy  Cogans syndrome  
Paroxysmal nocturnal 

hemoglobinuria (PNH)  Dermatitis herpetiformis  
Parry Romberg 

syndrome  
 Temporal arteritis/Giant cell  Thyroid eye  
   Myositis  Discoid lupus  Susacs syndrome  arteritis  Neutropenia  disease (TED)  

 

Lymphadenopathy 

Axonal & 

neuronal 

neuropathy  
(AMAN)  
Thrombocytopeni 
a  

IgA Nephropathy  

Primary Biliary Cholangitis  

Endometriosis  

Congenital heart block  

Hashimotos thyroiditis  

Menieres disease  

Giant cell arteritis (temporal 

arteritis)  
Autoimmune 

dysautonomia  Sarcoidosis  

Amyloidosis  Celiac disease  Scleritis  

Agammaglobulinemia  Psoriatic arthritis  
Ulcerative 

colitis (UC)  

Guillain-Barre 

syndrome 

Autoimmune 

myocarditis  

Vasculitis  
Postpericardiotomy 

syndrome  

Cicatricial pemphigoid  

Moorens ulcer  

Restless legs syndrome  
(RLS)/Stiff person syndrome  
(SPS)  Relapsing polychondritis  

Cold 

agglutinin 

disease  
Herpes gestationis or 

pemphigoid gestationis (PG)  Psoriasis  
Schmidt 

syndrome  
Raynauds phenomenon  
Multifocal Motor  
Neuropathy (MMN) or  Neonatal Lupus  

Autoimmune inner ear 

disease (AIED)  

Reflex 

sympathetic 

dystrophy  
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Eosinophilic 

esophagitis (EoE)  

Appendicitis  

Parsonage-Turner 

syndrome  

Hemolytic anemia  

MMNCB  

Pyoderma gangrenosum  
Tolosa-Hunt syndrome 

(THS)  Narcolepsy  
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Table 4b: Data characteristics  

Characteristics  Vaccination analysis  

   
Vaccinated Group (N = 

103,315)  

Control Group (N = 

103,315)  

Median age (IQR) - yr        

Age group - no. (%)        

<18   (0.0)   71 (0.0)   

18-39  55,363 (0.5)   56,803 (0.5)   

40-49  26,111 (0.3)   25,533 (0.2)   

50-59  14,612 (0.1)   14,130 (0.1)   

60-69  5,762 (0.1)   5,430 (0.1)   

70-79  1,302 (0.0)   1,199 (0.0)   

>=80   166 (0.0)   151 (0.0)   

Sex - no (%)        

Female  69,808 (67.6)   69,808 (67.6)   

Male  33,507 (32.4)   33,507 (32.4)   

Chronic condition count        

0  75,807 (73.4)   75,807 (73.4)   

1  17,559 (17.0)   17,559 (17.0)   

2  5,482 (5.3)   5,482 (5.3)   

3  2,492 (2.4)   2,492 (2.4)   

4+  1,977 (1.9)   1,977 (1.9)   

No. of influenza vaccinations during preceding 

5 yr - no(%)        

0  89,530 (86.7)   89,530 (86.7)   

1  10,198 (9.9)   10,198 (9.9)   

2  1,992 (1.9)   1,992 (1.9)   

3  1,040 (1.0)   1,040 (1.0)   

4  479 (0.5)   479 (0.5)   

5  77 (0.1)   77 (0.1)   

  

Table 4c: Conditions studied  

Condition  

 Average 
study 
population 

exposure 
(in days)   

 Average 
clinical 
twin 

exposure 
(in days)   

Adverse events 
for study 
population (95%  
CI)  

Adverse events 
for clinical twin 
population (95%  
CI)  

Risk Ratio 
(95% CI)  

Achalasia  
        
3,227,809   

  
3,227,799   

0.0         (0.0         

to 0.0)  
0.37         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  
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Acute kidney injury  
        
3,189,599   

  
3,189,597   

6.32         (2.0         

to 12.0)  
7.01         (2.0         

to 13.0)  
1.13         (0.29      

to 3.85)  

Addisons disease  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

 

Condition  

 Average 
study 
population 
exposure 
(in days)   

 Average 
clinical 
twin 
exposure 
(in days)   

Adverse events 
for study 
population (95%  
CI)  

Adverse events 
for clinical twin 
population (95%  
CI)  

Risk Ratio 
(95% CI)  

Adult Still's disease  
        
3,231,550   

  
3,231,549   

0.0         (0.0         

to 0.0)  
0.03         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Agammaglobulinemia  
        
3,227,528   

  
3,227,527   

0.0         (0.0         

to 0.0)  
0.04         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Alopecia areata  
        
3,187,925   

  
3,187,813   

2.8         (0.0         

to 6.0)  
7.61         (3.0         

to 13.0)  
0.42         (0.0        

to 1.25)  

Amyloidosis  
        
3,232,258   

  
3,232,258   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  

Anemia  
        
2,667,434   

  
2,667,252   

37.17         (26.0      

to 48.0)  
47.8         (35.0        

to 61.0)  
0.79         (0.51      

to 1.16)  

Ankylosing spondylitis  
        
3,216,146   

  
3,216,117   

0.9         (0.0         

to 3.0)  
1.58         (0.0         

to 4.0)  
0.59         (0.0        

to 2.0)  

Anti-GBM/Anti-TBM nephritis  
        
3,224,889   

  
3,224,886   

0.0         (0.0         

to 0.0)  
0.17         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Antiphospholipid syndrome  
        
3,230,575   

  
3,230,569   

0.2         (0.0         

to 1.0)  
0.36         (0.0         

to 2.0)  
0.16         (0.0        

to 1.0)  

Appendicitis  
        
3,070,563   

  
3,070,436   

12.34         (6.0        

to 21.0)  
16.88         (9.0        

to 25.0)  
0.78         (0.31      

to 1.5)  

Arrhythmia  
        
3,036,318   

  
3,036,451   

23.31         (14.0      

to 33.0)  
24.79         (16.0      

to 35.0)  
0.98         (0.52      

to 1.71)  

Arthritis or arthropathy  
        
2,211,811   

  
2,211,869   

66.76         (51.0      

to 83.0)  
63.92         (50.0      

to 79.52)  
1.06         (0.74      

to 1.49)  

Autoimmune angioedema  
        
3,231,821   

  
3,231,821   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Autoimmune dysautonomia  
        
3,228,278   

  
3,228,275   

0.73         (0.0         

to 2.0)  
0.95         (0.0         

to 3.0)  
0.53         (0.0        

to 2.0)  

Autoimmune encephalomyelitis  
        
3,224,649   

  
3,224,625   

0.0         (0.0         

to 0.0)  
0.71         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Autoimmune hepatitis  
        
3,230,609   

  
3,230,605   

0.0         (0.0         

to 0.0)  
0.13         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Autoimmune inner ear disease 

(AIED)  
        
3,202,773   

  
3,202,796   

4.38         (1.0         

to 9.0)  
2.69         (0.0         

to 6.0)  
1.99         (0.25      

to 6.0)  

Autoimmune myocarditis  
        
3,225,825   

  
3,225,820   

0.0         (0.0         

to 0.0)  
0.35         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  
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Autoimmune oophoritis  
        
3,147,456   

  
3,147,459   

7.47         (3.0         

to 13.0)  
7.31         (2.0         

to 13.0)  
1.23         (0.36      

to 3.42)  

Autoimmune orchitis  
        
3,172,859   

  
3,172,955   

8.21         (3.0         

to 14.0)  
5.35         (1.0          
to 10.52)  

1.97         (0.43      

to 6.0)  

Autoimmune pancreatitis  
        
3,219,995   

  
3,219,983   

0.0         (0.0         

to 0.0)  
0.75         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Autoimmune retinopathy  
        
3,145,920   

  
3,145,928   

10.34         (4.0        

to 17.0)  
10.79         (5.0        

to 18.0)  
1.07         (0.39      

to 2.5)  

Autoimmune urticarial  
        
2,946,721   

  
2,946,549   

19.25         (11.0      

to 28.52)  
28.56         (19.0      

to 39.0)  
0.7         (0.34        

to 1.12)  

Axonal & neuronal neuropathy 

(AMAN)  
        
3,219,677   

  
3,219,645   

0.9         (0.0         

to 3.0)  
2.75         (0.0         

to 6.0)  
0.42         (0.0       

to 2.0)  

Baló disease  
        
3,232,634   

  
3,232,634   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Behcets disease  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Bells palsy  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

 

Condition  

 Average 
study 
population 
exposure 
(in days)   

 Average 
clinical 
twin 
exposure 
(in days)   

Adverse events 
for study 
population (95%  
CI)  

Adverse events 
for clinical twin 
population (95%  
CI)  

Risk Ratio 
(95% CI)  

Benign mucosal pemphigoid  
        
3,232,258   

  
3,232,258   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Bullous pemphigoid  
        
3,231,658   

  
3,231,656   

0.0         (0.0         

to 0.0)  
0.06         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

CREST syndrome  
        
3,231,835   

  
3,231,835   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Castleman disease (CD)  
        
3,225,441   

  
3,225,424   

0.0         (0.0         

to 0.0)  
0.62         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Celiac disease  
        
3,225,081   

  
3,225,068   

0.0         (0.0         

to 0.0)  
0.61         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Cerebrovascular accident  
        
3,147,313   

  
3,147,296   

7.6         (3.0          
to 13.0)  

9.08         (4.0          
to 15.52)  

0.95         (0.31      

to 2.59)  

Chagas disease  
        
3,232,180   

  
3,232,180   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Chronic inflammatory  
demyelinating polyneuropathy 

(CIDP)  
        
3,225,249   

  
3,225,209   

0.0         (0.0         

to 0.0)  
1.99         (0.0         

to 5.0)  
0.0         (0.0         

to 0.0)  
Chronic recurrent multifocal 

osteomyelitis (CRMO)  
        
3,232,038   

  
3,232,036   

0.0         (0.0         

to 0.0)  
0.12         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Churg-Strauss Syndrome (CSS) or  
Eosinophilic Granulomatosis 

(EGPA)  
        
3,232,372   

  
3,232,370   

0.0         (0.0         

to 0.0)  
0.08         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  
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Cicatricial pemphigoid  
        
3,232,258   

  
3,232,258   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Cogans syndrome  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Cold agglutinin disease  
        
3,231,446   

  
3,231,443   

0.0         (0.0         

to 0.0)  
0.09         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Congenital heart block  
        
3,232,134   

  
3,232,134   

0.0         (0.0         

to 0.0)  
0.02         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  

Coxsackie myocarditis  
        
3,225,824   

  
3,225,824   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Crohns disease  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Deep-vein thrombosis  
        
3,105,790   

  
3,105,901   

17.26         (10.0      

to 26.0)  
12.11         (6.0        

to 19.0)  
1.56         (0.7        

to 3.13)  

Dermatitis herpetiformis  
        
3,229,167   

  
3,229,164   

0.0         (0.0         

to 0.0)  
0.16         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Dermatomyositis  
        
3,230,704   

  
3,230,703   

0.0         (0.0         

to 0.0)  
0.04         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Devics disease (neuromyelitis 

optica)  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Discoid lupus  
      
3,226,370   

  
3,226,390   

1.39         (0.0         

to 4.0)  
0.41         (0.0         

to 2.0)  
1.39         (0.0        

to 4.0)  

Dresslers syndrome  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Endometriosis  
        
2,905,162   

  
2,905,088   

22.67         (14.0      

to 33.0)  
22.19         (14.0      

to 31.0)  
1.07         (0.59      

to 1.78)  

Eosinophilic esophagitis (EoE)  
        
3,135,425   

  
3,135,350   

3.39         (1.0         

to 7.0)  
6.04         (2.0         

to 11.0)  
0.68         (0.07      

to 2.0)  

Eosinophilic fasciitis  
        
3,232,380   

  
3,232,379   

0.0         (0.0         

to 0.0)  
0.05         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

 

Condition  

 Average 
study 
population 
exposure 
(in days)   

 Average 
clinical 
twin 
exposure 
(in days)   

Adverse events 
for study 
population (95%  
CI)  

Adverse events 
for clinical twin 
population (95%  
CI)  

Risk Ratio 
(95% CI)  

Erythema nodosum  
        
3,224,679   

  
3,224,701   

0.89         (0.0         

to 3.0)  
0.44         (0.0         

to 2.0)  
0.84         (0.0        

to 3.0)  

Essential mixed cryoglobulinemia  
        
3,232,565   

  
3,232,565   

0.0         (0.0         

to 0.0)  
0.01         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  

Evans syndrome  
        
3,226,511   

  
3,226,534   

1.63         (0.0         

to 4.0)  
0.11         (0.0         

to 1.0)  
1.62         (0.0        

to 3.88)  

Fibromyalgia  
        
3,184,600   

  
3,184,625   

9.93         (5.0         

to 16.0)  
10.17         (4.48      

to 17.0)  
1.11         (0.42      

to 2.6)  
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Fibrosing alveolitis  
        
3,222,706   

  
3,222,690   

0.0         (0.0         

to 0.0)  
0.64         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Giant cell arteritis (temporal 

arteritis)  
        
3,231,663   

  
3,231,662   

0.0         (0.0         

to 0.0)  
0.12         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Giant cell myocarditis  
        
3,221,587   

  
3,221,573   

0.0         (0.0         

to 0.0)  
1.01         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Glomerulonephritis  
        
3,009,371   

  
3,009,279   

14.5         (8.0         

to 22.0)  
16.95         (9.0        

to 25.0)  
0.91         (0.41     

to 1.71)  

Goodpastures syndrome  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Granulomatosis with Polyangiitis  
        
3,232,700   

  
3,232,700   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Graves disease  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Guillain-Barre syndrome  
        
3,226,331   

  
3,226,334   

0.92         (0.0         

to 3.0)  
1.05         (0.0         

to 3.0)  
0.7         (0.0         

to 3.0)  

Hashimotos thyroiditis  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Hemolytic anemia  
        
3,231,446   

  
3,231,443   

0.0         (0.0         

to 0.0)  
0.09         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Henoch-Schonlein purpura (HSP)  
        
3,224,358   

  
3,224,337   

0.0         (0.0         

to 0.0)  
0.86         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Herpes gestationis or pemphigoid 

gestationis (PG)  
        
3,230,789   

  
3,230,784   

0.0         (0.0         

to 0.0)  
0.18         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Herpes simplex infection  
        
2,971,196   

  
2,971,120   

17.93         (10.48    

to 26.0)  
24.76         (16.0      

to 36.0)  
0.76         (0.36      

to 1.29)  

Herpes zoster infection  
        
3,076,109   

  
3,076,207   

20.08         (11.48    

to 30.0)  
21.04         (13.0      

to 30.0)  
0.99         (0.5        

to 1.64)  

Hidradenitis Suppurativa (HS) 

(Acne Inversa)  
        
3,208,853   

  
3,208,808   

2.15         (0.0         

to 5.0)  
3.38         (0.0         

to 7.0)  
0.84         (0.0       

to 3.0)  

Hypersensitivity pneumonitis  
        
3,214,211   

  
3,214,192   

0.0         (0.0         

to 0.0)  
1.0         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Hyperthyroidism  
        
3,154,251   

  
3,154,146   

2.18         (0.0         

to 5.52)  
5.81         (1.0         

to 11.0)  
0.5         (0.0         

to 2.0)  

Hypogammalglobulinemia  
        
3,232,248   

  
3,232,248   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

IgA Nephropathy  
        
3,199,927   

  
3,199,886   

0.7         (0.0         

to 3.0)  
2.24         (0.0         

to 6.0)  
0.38         (0.0        

to 2.0)  

IgG4-related sclerosing disease  
        
3,232,137   

  
3,232,136   

0.0         (0.0         

to 0.0)  
0.04         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Immune thrombocytopenic purpura 

(ITP)  
        
3,227,052   

  
3,227,075   

1.63         (0.0         

to 4.0)  
0.11         (0.0         

to 1.0)  
1.62         (0.0        

to 3.88)  

Inclusion body myositis (IBM)  
        
3,231,478   

  
3,231,476   

0.0         (0.0         

to 0.0)  
0.08         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  
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Condition  

 Average 
study 

population 
exposure 
(in days)   

 Average 
clinical 

twin 
exposure 
(in days)   

Adverse events 
for study 
population (95%  
CI)  

Adverse events 
for clinical twin 
population (95%  
CI)  

Risk Ratio 
(95% CI)  

Interstitial cystitis (IC)  
        
3,207,419   

  
3,207,450   

3.95         (0.0         

to 8.0)  
2.18         (0.0         

to 5.0)  
2.24         (0.0        

to 7.0)  

Intracranial hemorrhage  
        
3,201,232   

  
3,201,238   

2.25         (0.0         

to 6.0)  
2.15         (0.0         

to 5.0)  
1.24         (0.0        

to 4.0)  

Juvenile arthritis  
        
3,226,829   

  
3,226,826   

0.0         (0.0         

to 0.0)  
0.18         (0.0         

to 1.52)  
0.0         (0.0         

to 0.0)  

Juvenile diabetes (Type 1 

diabetes)  
        
3,103,501   

  
3,103,376   

5.09         (1.0         

to 9.0)  
9.33         (4.0         

to 15.0)  
0.63         (0.13      

to 1.75)  

Juvenile myositis (JM)  
        
3,232,071   

  
3,232,071   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  

Kawasaki disease  
        
3,232,398   

  
3,232,390   

0.0         (0.0         

to 0.0)  
1.1         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Lambert-Eaton syndrome  
        
3,232,609   

  
3,232,609   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Leukocytoclastic vasculitis  
        
3,209,970   

  
3,209,957   

0.52         (0.0         

to 2.0)  
1.52         (0.0         

to 5.0)  
0.33         (0.0        

to 1.95)  

Lichen planus  
        
3,213,599   

  
3,213,626   

1.85         (0.0         

to 5.0)  
1.31         (0.0         

to 4.0)  
1.39         (0.0        

to 4.0)  

Lichen sclerosus  
        
3,225,397   

  
3,225,369   

0.0         (0.0         

to 0.0)  
0.96         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Ligneous conjunctivitis  
        
2,332,156   

  
2,332,213   

53.94         (40.0      

to 69.0)  
48.6         (36.0        

to 62.52)  
1.13         (0.76      

to 1.65)  

Linear IgA disease (LAD)  
        
3,227,807   

  
3,227,825   

0.84         (0.0         

to 3.0)  
0.32         (0.0         

to 2.0)  
0.75         (0.0        

to 2.0)  

Lupus  

        
3,194,102   

  
3,194,050   

4.22         (1.0         

to 8.0)  
5.7         

(1.0          
to 11.0)  

0.96         (0.1        

to 3.5)  

Lyme disease chronic  
        
3,232,010   

  
3,232,031   

0.9         (0.0         

to 3.0)  
0.2         (0.0         

to 1.0)  
0.87         (0.0       

to 3.0)  

Lymphadenopathy  
        
2,884,700   

  
2,884,641   

19.04         (11.0      

to 27.52)  
19.81         (12.0      

to 29.0)  
1.01         (0.51      

to 1.76)  

Lymphopenia  
        
3,225,715   

  
3,225,712   

0.76         (0.0         

to 3.0)  
0.39         (0.0         

to 2.0)  
0.65         (0.0        

to 3.0)  

Menieres disease  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Microscopic polyangiitis (MPA)  
        
3,228,638   

  
3,228,667   

1.05         (0.0         

to 3.0)  
0.25         (0.0         

to 2.0)  
0.95         (0.0        

to 3.0)  

Mixed connective tissue disease  
(MCTD)  

        
3,229,197   

  
3,229,219   

0.94         (0.0         

to 3.0)  
0.44         (0.0         

to 2.0)  
0.86         (0.0       

to 3.0)  

Moorens ulcer  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJMED

 doi: 10.1136/bmjmed-2022-000302:e000302. 2 2023;BMJMED, et al. Jacobson BF



Motor neuron disease  
        
3,229,370   

  
3,229,368   

0.0         (0.0         

to 0.0)  
0.11         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Mucha-Habermann disease  
        
3,232,097   

  
3,232,097   

0.0         (0.0         

to 0.0)  
0.02         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  

Multifocal Motor Neuropathy 

(MMN) or MMNCB  
        
3,232,351   

  
3,232,351   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Multiple sclerosis  
        
3,207,647   

  
3,207,615   

0.0         (0.0         

to 0.0)  
1.77         (0.0         

to 5.0)  
0.0         (0.0         

to 0.0)  

Myasthenia gravis  
        
3,227,268   

  
3,227,263   

0.0         (0.0         

to 0.0)  
0.37         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Myelin Oligodendrocyte  
Glycoprotein Antibody Disorder  

        
3,231,805   

  
3,231,795   

0.0         (0.0         

to 0.0)  
0.42         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

 

Condition  

 Average 
study 
population 
exposure 
(in days)   

 Average 
clinical 
twin 
exposure 
(in days)   

Adverse events 
for study 
population (95%  
CI)  

Adverse events 
for clinical twin 
population (95%  
CI)  

Risk Ratio 
(95% CI)  

Myocardial infarction  

        
3,192,589   

  
3,192,671   

11.59         (6.0        

to 19.0)  
9.5         

(4.0          
to 16.0)  

1.4         (0.5          
to 3.13)  

Myocarditis  
        
3,214,286   

  
3,214,271   

0.0         (0.0         

to 0.0)  
1.02         (0.0         

to 3.0)  
0.0         (0.0         

to 0.0)  

Myositis  
        
3,103,371   

  
3,103,553   

19.04         (12.0      

to 27.52)  
11.34         (5.0        

to 18.0)  
1.87         (0.84      

to 4.0)  

Narcolepsy  
        
3,228,216   

  
3,228,210   

0.0         (0.0         

to 0.0)  
0.25         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Neonatal Lupus  
        
3,225,520   

  
3,225,515   

0.0         (0.0         

to 0.0)  
0.37         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Neuromyelitis optica  
        
3,231,805   

  
3,231,795   

0.0         (0.0         

to 0.0)  
0.42         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Neutropenia  
        
3,224,034   

  
3,224,029   

0.0         (0.0         

to 0.0)  
0.37         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Ocular cicatricial pemphigoid  
        
3,232,154   

  
3,232,148   

0.0         (0.0         

to 0.0)  
0.17         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Optic neuritis  
        
3,218,592   

  
3,218,592   

2.0         (0.0         

to 5.0)  
1.2         (0.0         

to 4.0)  
1.38         (0.0        

to 4.0)  

Other Immune responses  
        
3,231,272   

  
3,231,639   

11.23         (5.0        

to 18.0)  
0.86         (0.0         

to 3.0)  
8.96         (3.0        

to 18.0)  

Other thrombosis  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

POEMS syndrome  
        
3,231,495   

  
3,231,493   

0.0         (0.0         

to 0.0)  
0.08         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Palindromic rheumatism (PR)  
        
3,229,993   

  
3,229,992   

0.0         (0.0         

to 0.0)  
0.08         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  
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Paraneoplastic cerebellar 

degeneration (PCD)  
        
3,231,739   

  
3,231,739   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Paresthesia  
        
3,189,133   

  
3,189,283   

7.4         (2.48         

to 13.0)  
2.59         (0.0         

to 6.0)  
3.48         (0.6        

to 10.0)  

Paroxysmal nocturnal 

hemoglobinuria (PNH)  
        
3,232,627   

  
3,232,627   

0.0         (0.0         

to 0.0)  
0.01         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  

Parry Romberg syndrome  
        
3,230,999   

  
3,230,997   

0.0         (0.0         

to 0.0)  
0.07         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Pars planitis (peripheral uveitis)  
        
3,192,728   

  
3,192,778   

4.86         (1.0         

to 10.0)  
3.18         (0.0         

to 7.0)  
1.99         (0.25      

to 7.0)  

Parsonage-Turner syndrome  
        
3,231,637   

  
3,231,637   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Pemphigus  
        
3,229,298   

  
3,229,296   

0.0         (0.0         

to 0.0)  
0.17         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Pericarditis  
        
3,213,907   

  
3,213,906   

1.62         (0.0         

to 4.52)  
1.23         (0.0         

to 4.0)  
1.15         (0.0        

to 4.0)  

Peripheral neuropathy  
        
3,229,219   

  
3,229,234   

0.85         (0.0         

to 3.0)  
0.23         (0.0         

to 1.0)  
0.81         (0.0        

to 3.0)  

Perivenous encephalomyelitis  
        
3,188,417   

  
3,188,391   

1.98         (0.0         

to 5.0)  
3.0         (0.0         

to 7.0)  
0.88         (0.0        

to 3.51)  

Pernicious anemia (PA)  
        
3,223,758   

  
3,223,755   

0.0         (0.0         

to 0.0)  
0.18         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Polyarteritis nodosa  
        
3,229,454   

  
3,229,485   

1.05         (0.0         

to 3.0)  
0.16         (0.0         

to 1.0)  
0.99         (0.0        

to 3.0)  

Polyglandular syndromes type I,  
II, III  

        
3,232,359   

  
3,232,359   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

 

Condition  

 Average 
study 
population 
exposure 
(in days)   

 Average 
clinical 
twin 
exposure 
(in days)   

Adverse events 
for study 
population (95%  
CI)  

Adverse events 
for clinical twin 
population (95%  
CI)  

Risk Ratio 
(95% CI)  

Polymyalgia rheumatic  
        
3,214,910   

  
3,214,972   

3.04         (0.0         

to 7.0)  
1.23         (0.0         

to 4.0)  
2.27         (0.0        

to 6.0)  

Polymyositis  
        
3,227,556   

  
3,227,610   

2.91         (0.0         

to 6.52)  
0.62         (0.0         

to 3.0)  
2.55         (0.0        

to 6.0)  

Postmyocardial infarction 

syndrome  
        
3,232,396   

  
3,232,393   

0.0         (0.0         

to 0.0)  
0.09         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Postpericardiotomy syndrome  
        
3,232,616   

  
3,232,607   

0.0         (0.0         

to 0.0)  
0.45         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Primary Biliary Cholangitis  
        
3,224,739   

  
3,224,734   

2.48         (0.0         

to 6.0)  
1.46         (0.0         

to 4.0)  
1.62         (0.0        

to 5.0)  

Primary sclerosing cholangitis  
        
3,224,394   

  
3,224,388   

2.48         (0.0         

to 6.0)  
1.49         (0.0         

to 4.0)  
1.61         (0.0       

to 5.0)  
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Progesterone dermatitis  
        
2,340,304   

  
2,340,372   

68.9         (54.0        

to 85.52)  
68.57         (51.0      

to 86.0)  
1.02         (0.72      

to 1.41)  

Progressive systemic sclerosis  
        
3,228,477   

  
3,228,476   

0.0         (0.0         

to 0.0)  
0.07         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Psoriasis  
        
3,150,517   

  
3,150,499   

6.34         (2.0         

to 12.0)  
7.87         (3.0         

to 13.0)  
0.96         (0.23      

to 2.64)  

Psoriatic arthritis  
        
3,150,025   

  
3,150,007   

6.34         (2.0         

to 12.0)  
7.87         (3.0         

to 13.0)  
0.96         (0.23      

to 2.64)  

Pulmonary embolism  
        
3,109,556   

  
3,109,669   

12.86         (7.0        

to 21.0)  
10.49         (5.0        

to 18.0)  
1.37         (0.55      

to 3.11)  

Pure red cell aplasia (PRCA)  
        
3,231,132   

  
3,231,132   

0.0         (0.0         

to 0.0)  
0.01         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  

Pyoderma gangrenosum  
        
3,231,641   

  
3,231,641   

0.0         (0.0         

to 0.0)  
0.16         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Raynauds phenomenon  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Reactive Arthritis  
        
3,222,973   

  
3,223,023   

3.21         (0.0         

to 7.0)  
1.03         (0.0         

to 3.0)  
2.42         (0.0        

to 6.0)  

Reflex sympathetic dystrophy  
        
3,231,171   

  
3,231,183   

1.35         (0.0         

to 4.0)  
0.14         (0.0         

to 1.0)  
1.23         (0.0        

to 3.0)  

Relapsing polychondritis  
        
3,230,175   

  
3,230,180   

0.53         (0.0         

to 2.0)  
0.37         (0.0         

to 2.0)  
0.5         (0.0         

to 2.0)  

Restless legs syndrome  
(RLS)/Stiff person syndrome  
(SPS)  

        
3,222,348   

  
3,222,312   

0.0         (0.0         

to 0.0)  
2.0         (0.0         

to 5.0)  
0.0         (0.0         

to 0.0)  

Retroperitoneal fibrosis  
        
3,229,267   

  
3,229,264   

0.0         (0.0         

to 0.0)  
0.19         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Rheumatic fever  
        
3,208,940   

  
3,208,952   

1.57         (0.0         

to 4.0)  
1.67         (0.0         

to 4.0)  
0.95         (0.0        

to 3.45)  

Rheumatoid arthritis  
        
3,085,558   

  
3,085,571   

11.77         (5.0        

to 19.0)  
14.25         (7.0        

to 22.0)  
0.9         (0.34        

to 1.86)  

Sarcoidosis  
        
3,220,129   

  
3,220,143   

1.0         (0.0         

to 3.0)  
0.61         (0.0         

to 2.0)  
0.82         (0.0        

to 3.0)  

Schmidt syndrome  
        
3,232,359   

  
3,232,359   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Scleritis  
        
3,214,650   

  
3,214,630   

0.99         (0.0         

to 3.0)  
1.75         (0.0         

to 5.0)  
0.61         (0.0        

to 3.0)  

Scleroderma  
        
3,228,608   

  
3,228,603   

0.0         (0.0         

to 0.0)  
0.17         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Condition  

 Average 
study 
population 
exposure 
(in days)   

 Average 
clinical 
twin 
exposure 
(in days)   

Adverse events 
for study 
population (95%  
CI)  

Adverse events 
for clinical twin 
population (95%  
CI)  

Risk Ratio 
(95% CI)  

Seizure  
        
2,984,509   

  
2,984,396   

19.37         (12.0      

to 28.52)  
25.25         (16.0      

to 35.0)  
0.8         (0.44        

to 1.37)  
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Sjögrens syndrome  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Sperm & testicular autoimmunity  
        
3,213,695   

  
3,213,691   

0.96         (0.0         

to 3.0)  
1.41         (0.0         

to 4.0)  
0.67         (0.0        

to 3.0)  

Subacute bacterial endocarditis 

(SBE)  
        
3,228,351   

  
3,228,343   

0.0         (0.0         

to 0.0)  
0.37         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Susacs syndrome  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Sympathetic ophthalmia (SO)  
        
3,231,701   

  
3,231,733   

1.02         (0.0         

to 3.0)  
0.12         (0.0         

to 1.0)  
1.06         (0.0        

to 3.0)  

Syncope  
        
2,961,279   

  
2,961,344   

23.19         (14.0      

to 33.0)  
22.75         (14.0      

to 32.52)  
1.07         (0.57      

to 1.88)  

Takayasus arteritis  
        
3,232,734   

  
3,232,734   

0.0         (0.0         

to 0.0)  
0.0         (0.0         

to 0.0)  
0.0         (nan          
to nan)  

Temporal arteritis/Giant cell 

arteritis  
        
3,231,857   

  
3,231,855   

0.0         (0.0         

to 0.0)  
0.12         (0.0         

to 1.0)  
0.0         (0.0         

to 0.0)  

Thrombocytopenia  
        
3,200,216   

  
3,200,232   

2.56         (0.0         

to 6.0)  
1.88         (0.0         

to 5.0)  
1.52         (0.0        

to 5.58)  

Thrombocytopenic purpura (TTP)  
        
3,227,052   

  
3,227,075   

1.63         (0.0         

to 4.0)  
0.11         (0.0         

to 1.0)  
1.62         (0.0        

to 3.88)  

Thyroid eye disease (TED)  
        
3,204,746   

  
3,204,729   

1.67         (0.0         

to 5.0)  
2.6         (0.0         

to 6.0)  
0.82         (0.0       

to 3.0)  

Tolosa-Hunt syndrome (THS)  
        
3,227,277   

  
3,227,266   

0.0         (0.0         

to 0.0)  
0.55         (0.0         

to 2.0)  
0.0         (0.0         

to 0.0)  

Transverse myelitis  
        
3,229,760   

  
3,229,797   

1.76         (0.0         

to 5.0)  
0.26         (0.0         

to 1.52)  
1.68         (0.0        

to 5.0)  

Type 1 diabetes  
        
3,103,501   

  
3,103,376   

5.09         (1.0         

to 9.0)  
9.33         (4.0         

to 15.0)  
0.63         (0.13      

to 1.75)  

Ulcerative colitis (UC)  
        
3,157,352   

  
3,157,336   

4.61         (1.0         

to 9.0)  
4.73         (1.0         

to 10.0)  
1.31         (0.23      

to 5.0)  

Undifferentiated connective tissue 

disease (UCTD)  
        
3,229,197   

  
3,229,219   

0.94         (0.0         

to 3.0)  
0.44         (0.0         

to 2.0)  
0.86         (0.0        

to 3.0)  

Uveitis  
        
3,193,094   

  
3,193,144   

4.86         (1.0         

to 10.0)  
3.18         (0.0         

to 7.0)  
1.99         (0.25      

to 7.0)  

Vasculitis  
        
3,208,063   

  
3,208,046   

0.52         (0.0         

to 2.0)  
1.65         (0.0         

to 5.0)  
0.32         (0.0        

to 1.0)  

Vertigo  
        
2,864,193   

  
2,864,604   

51.75         (39.0      

to 66.52)  
42.37         (30.0      

to 55.52)  
1.25         (0.83      

to 1.91)  

Vitiligo  
        
3,218,418   

  
3,218,424   

2.05         (0.0         

to 5.0)  
1.07         (0.0         

to 3.0)  
1.52         (0.0        

to 4.58)  

Vogt-Koyanagi-Harada Disease  
        
3,193,094   

  
3,193,144   

4.86         (1.0         

to 10.0)  
3.18         (0.0         

to 7.0)  
1.99         (0.25      

to 7.0)  
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