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Abstract

Background Several population-based studies have reported an increased risk of serious skin conditions following COVID-19 vaccinations,
but their population samples were not representative. Accurately estimating these risks is important for understanding vaccine hesitancy and
improving clinical practice.

Objectives To compare the incidence rates (IRs) of bullous pemphigoid (BP), herpes zoster (HZ) and urticaria before and after the UK's
COVID-19 vaccination programme started.

Methods We conducted a population-based cohort study using electronic healthcare records from the Clinical Practice Research Datalink
(1 January 2019-31 May 2023). We estimated monthly IRs (cases/100 000 person-years) for BP, HZ and urticaria. Using interrupted time
series analysis, we compared changes in the IR slopes before and after the vaccine programme started (intervention). Sensitivity analyses
were adjusted for COVID-19 lockdowns and total general practitioner (GP) appointments.

Results In total, 16 156 639 adults (aged > 18 years) registered at a general practice between 1 January 2019 and 31 May 2023 (BP, n=3506;
HZ, n=129 668; urticaria, n=63 320). The BP IR (cases/100 000 person-years) did not change postintervention vs. the preintervention period.
We did not detect pre- and postintervention slopes. Sensitivity analysis results were similar. Preintervention, there was a downward slope
for the HZ IR [-4.44, 95% confidence interval (Cl) -=5.54 to —3.35; P<0.005]. The HZ IR increased postintervention vs. the preintervention
period (5.15, 95% Cl 3.43-6.88; P<0.005). Despite the increase in the HZ IR, we found no evidence of a postintervention slope. Sensitivity
analysis results were similar. Preintervention, there was a downward slope for the urticaria IR (-3.42, 95% Cl -4.13 to -2.70; P<0.005). The
urticaria IR increased postintervention vs. the preintervention period (4.40, 95% Cl| 3.27-5.53; P<0.005), resulting in an upward slope (0.98,
95% Cl 0.43-1.52; P<0.005). However, after accounting for lockdowns or GP appointments, the upward postintervention slope was no
longer apparent.

Conclusions While the BP IR did not change following the COVID-19 vaccine programme in the UK, we detected increased IRs for HZ and
urticaria. However, these increases were modest, and, for many, the benefits of vaccination will probably outweigh the potential risks. Future
research should use individual patient-level studies (e.g. self-controlled case series) to determine whether the increases in HZ and urticaria
IRs are driven by COVID-19 vaccines.

Lay summary

Following the start of COVID-19 immunization programmes worldwide, serious skin reactions were reported after getting the COVID-19
vaccines. These included bullous pemphigoid ('BP’ for short), shingles and hives. BP is a rare autoimmune skin disease that mainly af-
fects older people. About 8 in 100,000 people a year in the UK develop BP. The cause of BP is unknown. Symptoms often start with
very itchy skin and a rash. Over time, these develop into painful blisters and open sores. Shingles typically results in a painful rash over
the chest and abdomen. The condition is most common in people older than 80 years of age. About 1,100 in 100,000 people a year in
the UK develop shingles. Hives presents as a rash with raised bumps. Around 8% to 10% of the UK's population will get hives at least
once in their lives, mostly between the ages of 20 and 40 years old.
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Previous studies found links between COVID-19 vaccines and BP, shingles and hives. However, the people included in the studies
were not representative of the UK’s population. Accurate estimates of the risks of developing these diseases with a sample representa-
tive of the UK are important. More accurate information will help healthcare professionals and inform those who are hesitant about vac-
cines. In this study, we used information gathered by more than 2,000 general practices in the UK to compare changes in how often BP,
shingles and hives were seen before and after the COVID-19 vaccination programme. We found that the number of cases of BP did not
change after the vaccination programme. Cases of shingles and hives increased. However, the increases were not large. The benefits
of vaccination will probably outweigh the potential risk of developing hives and shingles for many people.

Future research should explore whether the increases in BP, shingles and hives that we found are driven by the COVID-19 vaccines
or other reasons.

What is already known about this topic?

e The rapid development and approval of COVID-19 vaccines caused worldwide vaccine hesitancy due to concerns about their safety.
e Few population-based studies have shown an increased risk of serious skin conditions following COVID-19 vaccines, but their co-
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horts were not representative of the UK population.

What does this study add?

programme.

e There is no evidence that the incidence rate (IR) of bullous pemphigoid has changed following the start of the COVID-19 vaccine

e The IRs for herpes zoster and urticaria have increased vs. the prevaccination period.

e Increases in the IRs for herpes zoster and urticaria are modest.

e The next step is to use individual patient-level studies (e.g. self-controlled case series) to determine whether the increases in bullous
pemphigoid, herpes zoster and urticaria are driven by COVID-19 vaccines.

The UK was the first country to approve the use of COVID-19
vaccines and start immunizations.! Rapid vaccine develop-
ment prevented approximately 14 million COVID-19-related
deaths worldwide in the first year of the UK's immuniza-
tion programme.? However, there is substantial mistrust
of vaccines, which remains a barrier to population immu-
nity.>* Some concerns raised about vaccine safety included
cutaneous reactions triggered by immune system stimu-
lation.®5-12 Although rare, such reactions can be serious.'?
Understanding which adverse cutaneous reactions will
probably present after COVID-19 immunization is crucial to
inform clinical practice and improve public confidence.

Several studies have reported adverse cutaneous reac-
tions after COVID-19 vaccines, including bullous pem-
phigoid (BP), herpes zoster (HZ) and urticaria.””"" BP is a
serious autoimmune blistering disease of older people with
a threefold higher mortality than found in the general pop-
ulation.”®'* The mechanism behind vaccine-induced BP is
unknown. Several vaccines, including influenza, swine flu,
HZ virus and others, have been associated with BP.'®

HZ manifests as a painful blistering rash, negatively affect-
ing patients’ quality of life.’®17 The immunological response
behind HZ is caused by varicella zoster virus (VZV) reactiva-
tion during reduced immunity.'® Two processes were pro-
posed behind VZV reactivation following COVID-19 vaccines:
the innate or cell-mediated immune defence failure and tem-
poral incapability of CD8+ T cells of controlling the virus when
they significantly expand in response to the vaccine.’®-2°

Urticaria primarily affects people aged<40 years and
20% of the population during their lifetime; it was also seen
following COVID-19 vaccines.?'-? The reaction presents
with localized or more generalized raised, itchy wheals, with
individual lesions lasting<24 h. Urticaria can be acute or
chronic, with immediate or delayed onset.8'° Immunological
responses resulting in suppressed histamine-releasing
autoantibody or increased anti-FceRla autoantibody produc-
tion were proposed mechanisms of vaccine-induced chronic
spontaneous urticaria (CSU).?

Given various reports of the highlighted conditions (BP,
HZ and urticaria) following COVID-19 vaccination, painful
symptoms and variable prevalence in different age groups,
it is important to investigate the nationwide incidence rates
(IRs) following the UK’'s COVID-19 vaccination programme.
If the vaccination programme was not associated with
increased |IRs of the examined conditions, this information
may reassure patients about vaccine safety. Should there be
an association, the findings will help patients make informed
decisions about vaccinating and enable clinicians to recog-
nize these conditions earlier.

To our knowledge, no large population-based studies
have used samples representative of their target general
populations to assess whether the COVID-19 vaccines
are associated with BP, HZ and urticaria. To address this
knowledge gap, we conducted a population-based cohort
study using routinely collected electronic healthcare records
representative of the UK population.
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Materials and methods

Study design

We conducted a population-based cohort study using inter-
rupted time series analysis of the monthly IRs per 100 000
person-years of BP, HZ and urticaria.

Data sources

We used Clinical Practice Research Datalink (CPRD) data
from the GOLD and Aurum databases. The CPRD contains
electronic healthcare records from > 2200 general practices
and is representative of the UK population.?526 We included
monthly vaccination uptake and general practitioner (GP)
appointment data from the NHS Digital platform to esti-
mate (i) the time to immunize most of the population and
(ii) healthcare availability during the COVID-19 pandemic.?’

Study population

We selected people aged > 18 years registered with a gen-
eral practice between 1 January 2019 and 31 May 2023.
Cohort entry was determined by the latest date selected
from the registration date, up-to-standard date (GOLD),
eighteenth birthday and 1 January 2019. Patients left the
cohort at the earliest selected from the registration end
date, last collection date and date of death. Patients had at
least 1 year of follow-up, to minimize the inclusion of preva-
lent BP, HZ and urticaria cases.?® We used the whole study
population and stratified by age group, to account for differ-
ences in vaccine rollout by age.’?229 For BP and HZ, the age
groups (years) were: <60, 60-69, 70-79, 80-90 and>90.
For urticaria, the age groups (years) were: 18-29, 30-39,
40-49, 50-59 and>60 (based on the peak incidence of
CSU seen in those aged 20-40 years).??

Cases

We used Read codes to select cases of BP, HZ and urticaria
(Tables S1-S6; see Supporting Information). The earliest
diagnosis date (index date) was identified.

Incidence rates per age group

We accounted for age as a time-varying covariate when cal-
culating the monthly IR per age group. Age was updated
each January (due to scarce birth month data). Each vyear,
cases and patients from the CPRD denominator data were
assigned to respective age groups, followed by monthly IR
calculations.

Main analysis

Interrupted time series (ITS) analysis was conducted using
time-lagged linear regression models to evaluate the impact
of the UK vaccine programme (intervention). We set the
intervention to January 2021, the first whole month since
the programme started. Models were designed a priori,*°
and estimated the (i) preintervention slope and (i) change in
the postintervention slope vs. the preintervention one. The
postintervention slope was a linear combination of (i) and (ii).*!

We assumed no sudden change in the monthly IRs post-
intervention due to a vaccine rollout. Moreover, booster dose
uptake could affect postintervention IRs. To account for these
factors, we performed an age-stratified analysis. We intro-
duced a rollout lag for the change in the postintervention slope
for each condition by counting the months each age group
took to achieve 80% of their maximum first-dose uptake rates
(Figure S1, Table S7; see Supporting Information). The whole
cohort analysis averaged the rollout lag from all age groups.
When analysing the change in BP IRs, we accounted for an
additional 3-month diagnostic delay lag for the preintervention
slope and the change in the postintervention slope to reflect
challenges in recognizing this condition and confirming its
diagnosis in primary care (Table S7).52 Model details can be
found in Appendix S1 (see Supporting Information).

Our models assumed observation independence, which
required low autocorrelation of residuals (correlation
between subsequent observations) if our a priori model
assumptions were correct.?® We checked autocorrelation
plots of the model residuals from the non-age-stratified anal-
yses for patterns suggesting insufficient model assumptions
to describe changes in IRs following our intervention. We
considered a P-value<0.005 to be statistically significant
following Bonferroni correction, based on the age-stratified
analysis, which estimated the preintervention slope and the
change in the postintervention slope in each of the five age
groups [i.e. 0.05/(2x5)]. All model variants are described in
Appendix S1.

Sensitivity analyses

To address unencoded diagnoses during the COVID-19
lockdowns, we conducted sensitivity analyses to assess
the impact of public health policy on IRs. The first analy-
sis was adjusted for a lockdown indicator variable in all
models, accounting for the UK government’s pandemic
response in April-June 2020 and January—July 2021.22
We timed the first national lockdown in April because it
was the first entire month affected by a lockdown. The
second analysis was adjusted for total GP appointments,
evaluating whether primary care availability and postpan-
demic backlogs affected IR estimates. Appointment data
were available for NHS England but not Scotland, Wales
or Northern Ireland. Therefore, we repeated the main
and sensitivity analyses restricted to English practices, to
validate the sensitivity analyses. All analyses were con-
ducted with R version 4.3.1 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Study population

The study population comprised 16 156 639 people. There
were 3506, 129 668 and 63 320 incident cases of BP, HZ
and urticaria, respectively (Figure 1). The median age of
patients with BP, HZ and urticaria was 80 [interquartile
range (IQR) 71-86], 61 (IQR 47-72) and 45 (IQR 32-61),
respectively. Fifty per cent (n=1756/3506) of patients with
BP, 60% (n=78 431/129 668) of those with HZ and 67%
(n=42 469/63 320) of those with urticaria were women.
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Figure 1 Model fits of interrupted time series analyses of the whole study population and the incidence rate (IR) for each condition.

Bullous pemphigoid

Main analysis

We found no evidence of a change in the postintervention
slope of the BP IR [0.00, 95% confidence interval (Cl) —0.09
to 0.09; P=0.96] vs. its preintervention slope (-0.02, 95%
Cl -0.08 to 0.03; P=0.42) (Figures 1, 2). We also found no
evidence of a postintervention slope (-0.03, 95% CI -0.07
t0 0.02; P=0.24). In the age-stratified analysis, we found a
downward postintervention slope in the 60-69 years age
group (-0.13, 95% Cl -0.22 to -0.05; P<0.005).

Sensitivity analyses
Adjusted for lockdown. When we adjusted for the occur-
rence of the national lockdowns (April-June 2020 and
January-July 2021) in our analysis, the results for BP
remained similar (Figure 3).

Adjusted for general practitioner appointments. When we
adjusted for the total monthly GP appointments in our anal-
ysis, the results for BP remained similar (Figure 4).

Herpes zoster

Main analysis

We estimated that the HZ IR had a downward preinterven-
tion slope (-4.44, 95% Cl -5.54 t0 —3.35; P<0.005) (Figures
1, 2). The change in the postintervention slope showed an
increase in the HZ IR (5.15, 95% CIl 3.43-6.88; P<0.005)
vs. preintervention. However, we found no evidence of a
specific postintervention slope (0.71, 95% CIl -0.12 to 1.54;
P=0.09).

Time series analysis of the age-stratified HZ IR gave
similar results (Figure 2). However, we found that the
preintervention slope in the 60-69 years, 70-79 years
and 80-89 years age groups showed a greater decrease
in the average HZ IR per month than in the group aged
18-59 years (Figure 2). Conversely, we found that in the
60-69 years and 70-79 years age groups, the change in
the postintervention slope vs. the preintervention slope
showed a greater increase in the HZ IR than in those aged
18-59 years (Figure 2).
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Condition / Age IR (95%Cl) (a) Pvalue (b) Preintervention (c) IR (95%C1) Pvalve  APostintervention (d) IR (95%C1) Pvalue  Postintervention (e)
General analysis
Bullous pemphigoid ~ -0.02 (-0.08, 0.03)  0.42 -0.00 (-0.09,0.09)  0.96 -0.03 (-0.07,002) 0.24
Herpes zoster -4.44 (554,-335)  <0.005 - 5.15 (3.43, 6.88) <0.005 - 0.71(-0.12,1.54)  0.09 -
Urticaria -3.42 (-4.13,-2.70) <0.005 L 4.40 (3.27,5.53) <0.005 HH 0.98 (0.43, 1.52) <0.005 -
Age stratified analysis
Bullous pemphigoid
18-59 0.00 (-0.02, 0.03) 0.82 -0.01(-0.05, 0.03) 0.56 -0.01(-0.03, 0.01) 0.36
60-69 0.07 (-0.05, 0.18) 0.26 -0.20 (-0.39, -0.02) 0.03 -0.13(-0.22,-0.05)  <0.005
70-79 -0.04 (-0.26, 0.19) 0.74 -0.04 (-0.39, 0.32) 0.84 -0.07 (-0.25, 0.10) 0.40
80-89 -0.26 (-0.78, 0.25) 0.31 - 0.15 (-0.66, 0.97) 0.71 - -0.11(-0.51, 0.28) 0.57
<90 -1.20 (-2.68, 0.28) 0.1 - 1.40 (-0.94, 3.73) 0.24 Lol 0.19(-0.93, 1.32) 0.73 HH
Herpes zoster
18-59 -3.21(-4.04, -2.38) <0.005 - 3.47 (2.16,4.78) <0.005 HH 0.27 (-0.37, 0.90) 0.40 -
60-69 7.39(-9.27,-550)  <0.005 —_— 8.71(5.73,11.69)  <0.005 —— 132(0.12,2.76)  0.07 =
7079 7.41(-9.61,-520)  <0.005 —.— 865 (5.18,12.13)  <0.005 —— 124(-043,292) 014 ol
80-89 -7.52 (-9.87,-5.17) <0.005 —a— 8.22 (4.51, 11.93) <0.005 —a— 0.70 (-1.09, 2.48) 0.44 L ol
<90 -8.48 (-13.01,-3.96)  <0.005 — 10.47 (3.34, 17.61)  <0.005 — 1.99 (-1.45, 5.43) 0.25 _—_—
Urticaria
18-29 -3.19 (-4.25, -2.14) <0.005 - 4.12 (2.46,5.78) <0.005 - 0.92(0.12, 1.72) 0.02 -
30-39 -3.42 (-4.34, -2.50) <0.005 HH 4.54 (3.09, 5.99) <0.005 HH 1.12(0.42, 1.82) <0.005 -
40-49 -3.40 (-4.23,-257)  <0.005 - 4.35 (3.04, 5.65) <0.005 - 0.95 (0.32, 1.58) <0.005 -
50-59 318 (-3.91,-2.44)  <0.005 - 3.95 (279, 5.11) <0.005 - 0.78 (0.22, 1.34) 0.01 m
<60 -3.64 (-4.34, -2.94) <0.005 L] 4.78 (3.68, 5.88) <0.005 HH 1.14 (0.61, 1.67) <0.005 L]
-1‘5 -1‘0 '5 6 1 15 -20 -10 0 10 20 -20 - 6 10 2
Monthly slope in incidence (per 100 000 person-years) Monthly slope in incidence (per 100 000 person-years) Monthly slope in incidence (per 100 000 person-years)
a - mean monthly incidence rate with 95% confidence interval. b - P-values after i ion, P <0.005 is signific
¢ - the monthly incidence rate slope before the intervention (commencement of the COVID-19 vaccination programme in the UK).
d - the change in the monthiy incidence rate after the intervention to the prei segment. e - the monthly incidence rate siope after the intervention.

Figure 2 Monthly incidence rate (IR) slopes before and after the start of the COVID-19 vaccination programme in the UK (intervention). The main
and age-stratified analyses for the entire study population. Cl, confidence interval.

Sensitivity analyses

Adjusted for lockdown. The HZ results in the analysis not strati-
fied by age remained similar after adjusting for the occurrence
of the national lockdowns (April-June 2020 and January—July
2021; Figure 3). However, we did not find age-related differ-
ences in the change of the HZ IR postintervention slope vs. its
preintervention slope. We also found no evidence of change
in the postintervention slope vs. the preintervention slope for
the 80-80 years and>90 years age groups.

Adjusted for general practitioner appointments. The HZ
results in the analysis not stratified by age remained sim-
ilar after adjusting for the total monthly GP appointments
(Figure 4). In the age-stratified analysis, we found no evi-
dence of change in the postintervention slope vs. the pre-
intervention slope for people aged>90 years.

Urticaria

Main analysis

The preintervention slope showed an average decrease in
the urticaria IR (-3.42, 95% Cl -4.13 to -2.70; P<0.005)
(Figures 1, 2). Compared with the preintervention slope, the
postintervention slope showed an increase in the urticaria
IR (4.40, 95% CI 3.27-5.53; P<0.005). We also detected
an upward postintervention slope of the urticaria IR (0.98,
95% Cl1 0.43-1.52; P<0.005).

In the age-stratified analysis, the preintervention slope
and the change in the postintervention slope were similar
to the main analysis across the age groups (Figure 1). We
found a postintervention slope only for the groups aged
30-39 years, 40-49 years and>60 years (Figure 2).

Sensitivity analyses

Adjusted for lockdown. After adjusting for the occurrence
of the national lockdown (Figure 3), we found no evidence
of a postintervention slope for the urticaria IR (0.76, 95%
Cl 0.14-1.38; P=0.02). In the age-stratified analysis, the
preintervention slope and the change in the postinterven-
tion slope vs. the preintervention slope remained similar
to the main analysis. However, we only found evidence
of an upward postintervention slope for the urticaria IR
in the group aged>60 years (0.91, 95% CI 0.31-1.52;
P<0.005).

Adjusted for general practitioner appointments. After
adjusting for the total monthly GP appointments, the results
were similar to when we adjusted for the occurrence of
national lockdowns (Figure 4). However, in age-stratified
analysis, we found no evidence of a postintervention slope
in the group aged > 60 years when we adjusted for the total
monthly GP appointments.

Study population restricted to English practices
After adjusting for the total monthly GP appointments and
restricting to English practices, the results were similar to
estimates for the entire study population (Figure S2; see
Supporting Information).

Autocorrelation function plots

The models exhibited low autocorrelation with no patterns
crossing the 95% confidence bands (Figures S3-S5; see
Supporting Information). Therefore, it is unlikely that we
omitted potentially important covariates.
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Condition / Age IR (95%CI) (a) Pwvaiue () Preintervention (c) IR (95%Cl) pPvalue  APostintervention (d) IR (95%Cl) Pvalue  Postintervention (e)
General analysis
Bullous pemphigoid 0.0 (-0.06, 0.07) 0.91 -0.05 (-0.16,0.05)  0.32 -0.05(-0.10,0.00)  0.06
Herpes zoster -3.77 (-4.96, -2.59) <0.005 gl 3.94 (2.01,5.87) <0.005 - 0.16 (-0.75, 1.08) 0.72 -
Urticaria -3.15 (-3.95, -2.35) <0.005 L 3.91(2.60, 5.22) <0.005 - 0.76 (0.14, 1.38) 0.02 ol
Age stratified analysis
Bullous pemphigoid
18-59 0.01(-0.02, 0.04) 0.56 -0.02 (-0.07, 0.03) 0.36 -0.01(-0.04, 0.01) 0.23
60-69 0.13 (0.00, 0.26) 0.04 -0.32(-0.53,-0.11)  <0.005 L -0.19(-0.29,-0.09) <0.005
70-79 0.06 (-0.19, 0.31) 0.63 -0.21(-0.63, 0.20) 0.30 -0.15(-0.35, 0.04) 0.12
80-89 -0.13 (-0.72, 0.45) 0.65 L -0.09 (-1.05, 0.87) 0.85 L -0.22 (-0.67, 0.23) 0.33
<90 -1.07(2.76,063) 021 gl 115(-162,391) 041 He— 0.08 (-1.23,1.39)  0.90 HH
Herpes zoster
18-59 -2.69 (-3.59, -1.79) <0.005 Ll 2.54 (1.07, 4.00) <0.005 HH -0.16 (-0.85,0.54)  0.66 L
60-69 -6.25 (-8.30, -4.20) <0.005 —=— 6.65 (3.30, 10.00) <0.005 —.— 0.40 (-1.19, 1.98) 0.62 L
70-79 6.21(-8.63,-3.80)  <0.005 —a— 6.48 (2.53,1043)  <0.005 —a— 0.27 (-160,2.14)  0.78 2l
80-89 -6.18 (-8.75, -3.62) <0.005 —— 5.79 (1.60, 9.98) 0.01 —— -0.40(-2.38,1.59)  0.69 L
<90 -8.07 (-13.25,-2.90)  <0.005 —— 9.72(1.27,18.17) 0.03 —_—— 1.65 (-2.35, 5.65) 0.41 -
Urticaria
18-29 -2.96 (-4.16,-1.76)  <0.005 HH 3.69 (1.74, 5.65) <0.005 - 0.73(-0.19, 1.66)  0.12
30-39 317 (4.21,-2.43)  <0.005 HH 4.08 (2.38,5.77) <0.005 HH 0.91(0.10, 1.71) 0.03
40-49 -3.09 (-4.02, -2.16) <0.005 HH 3.79(2.27,5.31) <0.005 HH 0.70 (-0.02, 1.41) 0.06 -
50-59 -2.96 (-3.79,-2.12) <0.005 HH 3.55(2.19,4.91) <0.005 HH 0.60 (-0.05, 1.24) 0.07 .
<60 -3.36 (-4.14, -2.58) <0.005 L 4.27 (2.99, 5.55) <0.005 HH 0.91(0.31, 1.52) <0.005 =
45 0 5 0 1 15 20 A R 2 1 0 YE
Monthly slope in incidence (per 100 000 person-years) Monthly slope in incidence (per 100 000 person-years) Monthly slope in incidence (per 100 000 person-years)
a - mean monthly incidence rate with 95% confidence interval. b - P-values after ion, P <0.005 is signif
¢ - the monthly incidence rate siope before the intervention (commencement of the COVID-19 vaccination programme in the UK).
d - the change in the monthly incidence rate after the i to the pi segment. e - the monthiy incidence rate slope after the intervention.

Figure 3 Monthly incidence rate (IR) slopes before and after the start of the COVID-19 vaccination programme in the UK (intervention) after adjusting
for the timing of the COVID-19 national lockdown. The main and age-stratified analyses for the entire study population. Cl, confidence interval.

Discussion

Following the onset of the COVID-19 vaccination pro-
gramme in the UK, there is no evidence that the IR of BP

increased. However, the IRs of HZ and urticaria increased
compared with their preintervention IRs. These changes
could be explained by vaccinations or coincident factors that
require further investigation in patient-level study designs.

Condition / Age IR (95%Cl) (a) puvalue (o) Preintervention (c) IR (95%CI) pvalue  APostintervention (d) IR (95%Cl) pvalue  Postintervention (e)
General analysis
Bullous pemphigoid ~ -0.01 (-0.07,0.04)  0.59 -0.04 (-0.13,0.05)  0.34 -0.06 (-0.10,-0.01)  0.02
Herpes zoster -4.13 (-4.92, -3.34) <0.005 - 3.71(2.40, 5.02) <0.005 -042(-1.10,0.27)  0.23 L
Urticaria -3.25(-3.83, -2.66) <0.005 - 3.60 (2.63, 4.58) <0.005 - 0.36 (-0.15, 0.86) 0.16
Age stratified analysis
Bullous pemphigoid
18-59 0.00 (-0.02, 0.03) 0.76 -0.02 (-0.06,0.03)  0.44 -0.01(-0.03,0.01)  0.26
60-69 0.08 (-0.04, 0.19) 0.18 -0.26 (-0.45,-0.07)  0.01 L -0.18 (-0.28,-0.08)  <0.005
70-79 -0.03 (-0.26, 0.20) 0.79 -0.07 (-0.45, 0.31) 0.72 -0.10 (-0.30, 0.10) 0.33
80-89 -0.20 (-0.70, 0.30) 043 - -0.16 (-0.98, 0.67) 0.70 L. -0.35 (-0.78, 0.08) 0.10 L
<90 097 (-236,042) 047 e 0.32(-1.98,262) 078 - -0.65(-1.84,0.55)  0.28 L
Herpes zoster
18-59 -2.97 (-3.57, -2.37) <0.005 - 2.38(1.38, 3.38) <0.005 - -0.59 (-1.11,-0.07)  0.03 L
60-69 -6.90 (-8.40, -5.40) <0.005 - 6.49 (4.01, 8.96) <0.005 - -0.41(-1.71,0.88)  0.52 -
70-79 -6.82 (-8.52,-5.12) <0.005 —— 5.95 (3.14, 8.76) <0.005 -0.87(-2.34,0.59) 0.24 L
80-89 7.11(:9.27,-4.95)  <0.005 ] 6.32(2.75,9.89)  <0.005 —a— -0.79 (-2.65,1.07)  0.40 a4
<90 -8.00 (-12.44,-3.56)  <0.005 —— 8.25 (0.91, 15.60) 0.03 —— 0.25(-3.58, 4.08) 0.89 ——
Urticaria
18-29 -2.96 (-3.86, -2.06) <0.005 HH 3.04 (1.55,4.53) <0.005 HH 0.08 (-0.69, 0.86) 0.83
30-39 -3.27 (-4.13,-2.41) <0.005 L 3.85(2.44,5.27) <0.005 - 0.58 (-0.16, 1.32) 0.12 o
40-49 -3.24 (-3.97, -2.50) <0.005 L 3.59 (2.37,4.81) <0.005 L 0.35 (-0.28, 0.99) 0.27 o
50-59 -3.01(-3.63, -2.39) <0.005 - 3.18 (2.15,4.21) <0.005 - 0.17 (-0.36, 0.71) 0.52
<60 -3.48 (-4.07, -2.89) <0.005 - 4.05 (3.07, 5.02) <0.005 - 0.57 (0.06, 1.08) 0.03 H
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a - mean monthly incidence rate with 95% confidence interval. b - P-values after i ion, P <0.005 is signifi
c - the monthly incidence rate siope before the intervention (commencement of the COVID-19 vaccination programme in the UK).
d - the change in the monthly incidence rate after the ir i P to the preil ion segment. e - the monthly incidence rate sfope after the intervention.

Figure 4 Monthly incidence rate (IR) slopes before and after the start of the COVID-19 vaccination programme in the UK (intervention) after

adjusting for the total monthly general practitioner appointments (NHS England data). The main and age-stratified analyses. Cl, confidence interval.
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Furthermore, the increase in the IRs for HZ and urticaria fol-
lowing COVID-19 vaccination were modest compared with
our cohort’s overall reported IRs.

Preintervention, the slopes showed that the IRs for HZ
and urticaria declined. Our analysis detected a postinterven-
tion slope only for the IR for urticaria, with a slight increase
in cases each month. The slope did not remain statistically
significant after adjusting for national lockdowns and total
GP appointments separately. However, sensitivity analyses
detected increases in the IRs for HZ and urticaria, similar to
the main analysis. Therefore, we cannot reject the possibil-
ity that the IRs for HZ and urticaria changed following the
vaccination programme.

The recording of cases of BP was probably unaffected
by the national COVID-19 lockdowns. Patients with BP usu-
ally present with severe blistering and widespread itching,
which prompts referral to and diagnosis by a dermatologist.
Under-reporting of HZ and urticaria could be attributed to
seeking pharmacy treatment during the national lockdowns
if patients’ symptoms were mild.34.35

Previous population-based cohort studies have examined
relative risk rather than the absolute incidence changes of
these conditions over time. The cohort study by Birabaharan
et al. found no association between COVID-19 vaccines and
BP [risk ratio (RR) 0.77, 95% CI 0.37-1.57].2 Our results
confirm these findings: the IR of BP did not change after the
vaccine programme started.

For HZ, our findings are consistent with those of previous
cohort studies that reported an increased risk of HZ follow-
ing COVID-19 vaccines (RR 1.802, 95% CI 1.680-1.932),
and a case—control study by Wan et al., where increased
HZ risk after COVID-19 vaccination was also found.®7-%9
Conversely, Akpandak et al. found no association between
COVID-19 vaccines and HZ (incidence rate ratio 0.91, 95%
Cl 0.82-1.01).%° However, their estimates used an insur-
ance claims database covering insured populations and
healthcare activities attracting payment, as opposed to the
CPRD, which contains routinely collected healthcare data
for the whole population and covers all conditions.*%4" Case/
no-case studies using self-reported pharmacovigilance data,
such as that of Préta et al.,*> found an increased risk of HZ
after the Pfizer-BioNTech and Moderna vaccines [reporting
odds ratio (ROR) 1.9, 95% CI 1.8-2.1], while Gringeri et al.
reported an increased risk following the Pfizer—BioNTech
vaccine (ROR 1.49, 95% CI 1.42-1.57).%% The reliability of
self-reporting systems is limited due to under-reporting bias
and missing data.**45

Regarding urticaria, our findings are consistent with previ-
ous studies which showed that the IR of urticaria increased
after the start of COVID-19 vaccination programme. A
Swiss prospective cohort study showed a high IR of CSU
after COVID-19 vaccination [IR (per 100 000) 19.3, 95% CI
17.8-20.9].%¢ A case—control study by Magen et al. reported
an increased risk of CSU after the Pfizer—-BioNTech vaccine
(odds ratio 5.54. 95% Cl 2.36-13.02).%*

The main strengths of our study were its cohort design
and the large study sample, representative of the UK general
population. The hypotheses about changes in the IRs of the
examined conditions following the intervention were formu-
lated a priori with respect to the ITS analysis. Our models
incorporated vaccination rollouts and diagnostic delay in BP.
We also performed sensitivity analyses, assessing whether

national lockdowns and GP appointment availability affected
the IRs. The analyses produced similar results, strengthen-
ing the validity of the findings.

The completeness and accuracy of CPRD records might
vary due to the nature of routinely collected data, which
depends on manual input, diagnostic coding variations
between GPs and patients not seeing their GP.?¢ The lat-
ter could have been more common during the first national
lockdown. Patients with HZ and urticaria may have avoided
GP visits due to the public health policy in place at the time.
The effectiveness and quality of remote consultations may
have also affected the accuracy of recorded diagnoses of
skin conditions. Moreover, GPs' diagnostic confidence could
have been affected, making diagnoses recorded in free text
unavailable to researchers. These factors may have affected
the robustness of the main analysis and may explain why the
IRs decreased before vaccinations. We also did not adjust
for the timing of COVID-19 vaccine types, after which the
risk of the investigated conditions might differ. Furthermore,
we did not adjust for the timing of vaccination campaigns to
account for the possible T-cell exhaustion effect on the risk
of examined conditions following repeated vaccinations.*’

Other COVID-19-related factors may also explain the
changes in the IRs following the vaccination programme. For
example, the disruption of routine vaccinations during the
COVID-19 pandemic may have affected the IR of HZ following
the start of the vaccination programme.“® Notably, we did not
account for HZ vaccinations (e.g. Zostavax® and Shingrix®),
which may explain the increase in the IR for this condition
following the first national COVID-19 lockdown. Furthermore,
not having an unvaccinated control group limited the ability to
exclude the effects of time-varying confounders. However,
given the context, comparisons with time trends of a com-
parable unvaccinated control group were not possible. The
effectiveness of COVID-19 vaccines can also differ in patients
with immune-mediated conditions not investigated in this
study and in those taking immunosuppressants.4®-52

We could not distinguish between acute urticaria and
CSU, because the diagnostic codes do not specify these
variants. Clinically, this is a limitation because CSU is more
burdensome than acute urticaria.®® We suspect that most
of the recorded urticaria diagnoses before the first national
COVID-19 lockdown were acute variants due to their higher
lifetime prevalence than the chronic variant.5*5° The sudden
decrease in the IR for urticaria could be attributed to patients
managing urticaria with over-the-counter antihistamines
during the national lockdown. Simultaneously, patients with
CSU could have sought GP appointments following the lock-
downs due to painful, prolonged symptoms that over-the-
counter antihistamines could not resolve.®® Hence, based on
our data, we could not ascertain the proportion of patients
with each urticaria variant. Unlike other population-based
studies, we did not adjust for the SARS-CoV-2 infection in
our analyses, which is known to be associated with HZ and
BP.56.57 Therefore, differentiating between virus-induced or
vaccine-induced HZ and BP was not possible. However,
the low autocorrelation in our models suggests that SARS-
CoV-2 infections might not have had a large impact on the
examined IRs at the whole population level.

While we did not detect a change in the BP IR following the
COVID-19 vaccine programme, we found that the IRs for HZ
and urticaria increased after the programme started vs. the
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prevaccination period. However, these increases in IRs were
modest, and, for many patients, the vaccination benefits
will probably outweigh the potential risks. Further research
should use individual patient-level studies, such as self-con-
trolled case series, to determine whether the increases in the
IRs for HZ and urticaria are driven by the COVID-19 vaccines.
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