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Elevated alanine transaminase in liver
transplant recipients after BNT162b2
vaccination: a cohort study
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Liver transplant (LTx) recipients risk severe COVID-19. Vaccination reduces this risk. However, there
may be side effects, including elevated alanine transaminase (ALT) which could lead to increased use
of liver biopsy.We aimed to describe prevalence and relative incidence of elevatedALT 90days before
and after BNT162b2 vaccination in LTx recipients. Furthermore, we aimed to describe changes in
prevalence of liver biopsies before and after BNT162b2 vaccination. We included 393 LTx recipients
from The Danish Comorbidity in Liver Transplant Recipients (DACOLT) study. We calculated
prevalence of elevatedALT and liver biopsies before and after eachBNT162b2 vaccine dose.We used
self-control case series (SCCS) analysis to investigate whether vaccination was associated with
higher relative incidence of elevated ALT. Prevalence of elevated ALT, around each vaccine dose, was
comparable. We did not find higher relative incidence of elevated ALT after vaccination. The
prevalence of liver biopsies around vaccination was comparable.

Liver transplant (LTx) recipients have a higher risk of severe COVID-19
than the background population, even during the Omicron era1,2. Although
LTx recipients elicit lower antibody responses to COVID-19 mRNA vac-
cines than immunocompetent controls, vaccination effectively lowers the
risk of severe COVID-19 in this population3–5. In general, COVID-19
mRNA vaccines are safe in LTx recipients with reported adverse events
comparable to the background population6–8. Hence, at present, booster
vaccines against COVID-19 are recommended in LTx recipients9–11.
However, previous case reports have reported acute graft rejection, liver
damage and alanine transaminase (ALT) elevation in LTx recipients fol-
lowing the BNT162b2 vaccine12–18. Acute graft rejection is a serious com-
plication in LTx recipients and is often suspected in LTx recipients with
unexplained ALT elevation. Consequently, elevated ALT following vacci-
nation may rise suspicion of acute graft rejection and potentially lead to
further diagnostics, including a liver biopsy, and thus exposing the LTx
recipients to potential complications associated with this procedure19. One
study examined the safety in kidney and liver transplant recipients that

received a two-dose series of either the BNT162b2 vaccine or the ChAdOx1
vaccine20. This study observed no changes in mean ALT among LTx reci-
pients before the first vaccination compared to 2 weeks after second vac-
cination. However, there are no studies investigating changes in ALT
beyond the first two vaccine doses and there are no previous reports on
associations between BNT162b2 vaccine and use of liver biopsies. We
hypothesized thatBNT162b2vaccination is associatedwith increased riskof
ALT elevations and increased use of liver biopsies in LTx recipients. In this
study, we aimed to investigate whether BNT162b2 vaccination is associated
with ALT elevation and increased use of liver biopsies in LTx recipients.
Furthermore, we aimed to explore whether the relative incidence of ALT
elevation is higher after BNT162b2 vaccinations in LTx recipients.

Results
We included 393 participants in this study. At baseline, the median age was
54.3 years (interquartile range (IQR) 43.6–63.8) and46.1%were female. The
median time since transplantationwas 7.3 years (IQR4.0–13.7). At baseline,
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244 (62.1%) had an ALT measurement, 30 (12.3%) of those had elevated
ALT. Clinical characteristics are shown in Table 1.

At the endof follow-uponeparticipant (0.3%) had received sevendoses
of a BNT162b2 vaccine, 169 (43.0%) had received six doses, 87 (22.1%) had
received five doses, 53 (13.5%) had received four doses, 50 (12.7%) had
received three doses, 17 (4.3%) had received twodoses, 1 (0.3%) had received

one dose and 15 (3.8%) had not received any BNT162b2 vaccines. The
reasons for end of follow-up before the end of the study period was, re-
transplantation (n = 4, 1%), death (n = 24, 6.1%), and administration of a
different COVID-19 vaccine than a monovalent or bivalent BNT162b2
vaccine (n = 10, 2.5%) (Table 1). Among participants who received other
vaccines thanBNT162b2, four receivedChAdOX1 and six receivedmRNA-
1237. In a sensitivity analysis, we excluded the 10 participants who were
censored due to receiving other COVID-19 vaccines than monovalent or
bivalent BNT162b2 and found all results to be robust. No deaths during
follow-up were related to COVID-19 or COVID-19 vaccination.

The prevalence of elevated ALT
There was no significant difference in prevalence of elevatedALT before the
first and after second vaccine dose (Table 2). Likewise, there was no dif-
ference inprevalenceof elevatedALTbefore andafter the third vaccinedose,
before and after the fourth vaccine dose, before and after the fifth vaccine
dose, or before and after the sixth vaccine dose (Table 2).

Figure 1 presents the prevalence of elevated ALT, regardless of com-
mon terminology criteria for adverse events (CTCAE) grade, before and
after eachvaccinedose.Prevalenceof elevatedALTabove grade1before and
after each vaccine dose are shown in Table 3. Supplementary Table 1
summarizes the distribution of all ALT elevations by grade 90 days before
and after each vaccine dose.

The incidence of positive SARS-CoV-2 polymerase chain
reaction test
To investigate the potential for confounding due to SARS-CoV-2 infection
status, we calculated the incidence rate of positive SARS-CoV-2 polymerase
chain reaction (PCR) test in the 90 days before and after vaccination with
BNT162b2. Before vaccination, 46 cases of positive SARS-CoV-2 PCR tests
were detected during 334 person-years of follow-up, resulting in an inci-
dence rateof 0.14 (95%confidence interval (CI): 0.10–0.19) perperson-year.
After vaccination, 86 caseswere detected during 371 person-years of follow-
up, resulting in an incidence rate of 0.24 (95% CI: 0.19–0.29) per
person-year.

Relative incidence of elevated ALT
During the study period, 393 LTx recipients contributed with 1325 person-
years of follow-up (PYFU). We observed a total of 514 elevated ALT
measurements corresponding to an incidence rate of 0.39 per PYFU (95%
CI: 0.36–0.42). The 514 elevated ALT measurements were observed in 180
participants who were included in the self-controlled case series (SCCS)
analysis and contributed with 435 PYFU in control periods and 183 PYFU
in risk periods. The incidence rate ratio (IRR) for elevated ALT in risk
periods compared to control periods was 1.1 (95% CI: 0.9–1.3, p = 0.306).

Of the 514 elevated ALTmeasurements, 444 (86.4%) were grade 1, 37
(7.2%) were grade 2, 29 (5.6%) were grade 3 and four (0.8%) were grade 4.
Among the 180 individuals with elevated ALT measurements, the highest
grade observed throughout the study period was grade 1 in 132 (73.3%)
individuals, grade 2 in 23 (12.8%) individuals, grade 3 in 21 (11.7%) indi-
viduals and grade 4 in four (2.2%) individuals. We found that events with
ALT elevations ≥ grade 2 lead to changes in immunosuppressive main-
tenance therapy in 12 cases, and to hospitalization in five cases.

The prevalence of biopsies
When investigating the prevalence of biopsies performed on clinical indi-
cation before the first and after the second vaccine dose, we found no
difference (Table 4). Furthermore, there was no difference in prevalence of
biopsies performed on clinical indication before and after the third vaccine
dose, before and after the fourth vaccine dose, or before and after the fifth
vaccine dose (Table 4). There were no biopsies performed on clinical
indication before or after the sixth vaccine dose. The prevalence of biopsies
before and after each vaccine dose is shown in Fig. 2. In the five cases where
liver biopsies were performed on clinical indication after vaccination, ele-
vated ALT measurements were a part of, but not the only clinical finding

Table 1 | Baseline characteristics

Participants, n 393

Age in years, median (IQR) 54.3 (43.6–63.8)

Female sex, % 46.1

Years since transplantation, median (IQR) 7.3 (4.0–13.7)

Reason for transplantationa

- Autoimmune liver diseaseb, % 46.3

- Alcoholic or cryptogenic cirrhosis, % 17.8

- Hepatocellular carcinoma, % 6.9

- Fulminant hepatic failure, % 7.4

- Metabolic disease, % 5.9

- Hepatitis C, % 2.8

- Other, % 22.4

Immunosuppressive medication at inclusion

Current use of antimetabolites

- Mycophenolate, % 66.9

- Azathioprine % 13.5

- No antimetabolites, % 19.6

- Corticosteroids % 40.7

Current use of calcineurin inhibitor

- Tacrolimus, % 80.4

- Ciclosporin % 11.2

Current use of mTOR inhibitor (Everolimus), % 7.6

Acute graft rejection within six months before
study, n

1

Participants with at least one acute graft rejection
during follow-up, n

3

Number of BNT162b2 vaccines, n (%)

- 0 15 (3.8)

- 1 1 (0.3)

- 2 17 (4.3)

- 3 50 (12.7)

- 4 53 (13.5)

- 5 87 (22.1)

- 6 169 (43.0)

- 7 1 (0.3)

Elevated ALT at baseline, n (%) 30 (12.3)

Missing ALT measurements at baseline, n (%) 149 (37.9)

End of follow-up during study period, n (%)

- Died 24 (6.1)

- Different vaccine than BNT162b2 10 (2.5)

▪mRNA-1237 6 (1.5)

▪ChAdOX1 4 (1.0)

- Re-transplanted 4 (1.0)

ALT Alanine transaminase, IQR Interquartile range,mTOR The mammalian target of rapamycin
aThe liver transplant recipient may have more than one reason for undergoing transplantation
bAutoimmune liver disease comprises: Primary sclerosing cholangitis (30.8%), autoimmune
hepatitis (10.2%), primary biliary cholangitis (9.2%), and other autoimmune liver disease (0.5%).
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leading to the biopsy. Vaccination related liver injury was not suspected by
clinicians in any of the cases.

Discussion
In this nationwide study, we included a large cohort of LTx recipients, on
maintenance immunosuppression, that were offered vaccination against
COVID-19 with BNT162b2 vaccine. We determined prevalence and rela-
tive incidence of ALT elevation and use of biopsies.We found no significant
differences in prevalence of elevated ALT before and after BNT162b2 vac-
cination, and we found no evidence of increased risk of elevated ALT after
vaccination. Furthermore, we observed no differences in prevalence of
elevated ALT above CTCAE grade 1. Lastly, we found no difference in the
prevalence of liver biopsies before and after any BNT162b2 doses.

We followed393LTx recipients formore than three years and included
information on up to seven vaccine doses in a real-world setting and
observed no change in the relative incidence or prevalence of elevated ALT
after BNT162b2 vaccination. These results corroborate previous findings in

SOT recipients after two doses of either BNT162b2 or ChAdOx120, and
further indicate that repeated vaccination is not associated with episodes of
elevated ALT.

ALT is released upon hepatocellular damage, making it a sensitive
biomarker for liver injury. The etiologies of ALT elevations are diverse and
causes for acute ALT elevation are conditions such as hepatic ischemia,
drug-induced injury, or acute viral hepatitis21. We observed 70 episodes of
ALT elevations of grade ≥2, which could indicate of graft injury. Usually,
ALT elevations of grade ≥2 in LTx recipients will lead to increased sur-
veillance and further diagnostics depending on the overall clinical picture.
As we do not have data on the specific causes of ALT elevation in this study,
it is important to keep inmind that in LTx recipients, elevated ALT alone is
not sufficient to diagnose acute graft rejection, and elevated ALT must be
interpreted as part of the entire clinical picture.

Similar to elevated ALTmeasurement, we observed no difference
in the prevalence of biopsies performed on clinical indication before
and after vaccination with BNT162b2. A liver biopsy is the golden

Table 2 | Differences in prevalence of elevated ALT before and after each vaccine dose

Time period Sample count, n Missing samples at each dose,
n (%)a

Prevalence of elevated ALT,
n (%)

95% CI Difference in prevalence, pp
(95% CI)

Before first vaccine 298 79 (21.0) 16 (5.4) 3.1–8.6 +2.3 % (−1.1–5.9, p = 0.230)

After second
vaccine

23 (7.7) 5.0–11.6

Before third vaccine 207 153 (42.5) 15 (7.2) 4.1–11.7 +0.5 % (−3.8–4.8, p = 1)

After third vaccine 16 (7.7) 4.5–12.2

Before fourth
vaccine

71 239 (77.1) 8 (11.3) 5.0–21.0 +2.8 % (−5.1–11.1, p = 0.683)

After fourth vaccine 10 (14.1) 7.0–24.4

Before fifth vaccine 182 75 (29.2) 13 (7.1) 3.9–11.9 −2.7% (−7.5–1.7, p = 0.302)

After fifth vaccine 8 (4.4) 1.9–8.5

Before sixth vaccine 135 35 (20.6) 8 (5.9) 2.6–11.3 +0.7 (−3.9–5.5, p = 1)

After sixth vaccine 9 (6.7) 3.1–12.3

ALT Alanine transaminase, pp percentage points.
aMissing samples at each dose represents participantswho received the respective vaccine butwere excluded fromanalyses if they lackedanALT samplebothwithin 90 days pre- and post-vaccination, or
if vaccination occurred less than 180 days after a previous dose.

Fig. 1 | Prevalence of elevated ALT 90 days before and after each vaccine dose.
a Prevalence of cases of elevated ALT and cases of grade ≥2 elevated ALT 90 days
before the first vaccine dose (blue circle) and 90 days after the second vaccine dose

(yellow circle). The whiskers indicate 95% confidence intervals. b–eCorresponding
data before and after the third to sixth vaccine doses, respectively.
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Table 4 | Difference in prevalence of biopsies within 90 days before and after each vaccine dose

Time period Sample count, n Missing at each dose, n (%)a Prevalence of biopsies, n (%) 95% CI Difference in prevalence, pp (95% CI)

Before first vaccine 377 0 (0.0) 0 (0.0) 0.0–1.0 +0.8% (−0.3–2.3, p = 1)

After second vaccine 3 (0.8) 0.01–2.2

Before third vaccine 252 108 (30.0) 1 (0.4) 0.01–2.2 +0 % (−1.8–1.8, p = 1)

After third vaccine 1 (0.4) 0.2–3.4

Before fourth vaccine 88 222 (71.6) 1 (1.1) 0.03–6.3 +0% (−5.1–5.1, p = 1)

After fourth vaccine 1 (1.1) 0.03–6.2

Before fifth vaccine 240 17 (6.6) 1 (0.4) 0.01–2.3 −0.4% (−2.3–1.2, p = 1)

After fifth vaccine 0 (0.0) 0.0–1.5

pp percentage points.
aMissing samples at each dose represents participants who received the respective vaccine but were excluded from analyses if vaccination occurred less than 180 days after a previous dose.

Fig. 2 | Prevalence of biopsies 90 days before and after each vaccine dose.
a Prevalence of biopsies performed on clinical indication 90 days before the first
vaccine dose (blue circle) and 90 days after the second vaccine dose (yellow circle).

Thewhiskers indicate 95%confidence intervals. b–dCorresponding data before and
after the third to fifth vaccine doses, respectively.

Table 3 | Difference in prevalence of elevated ALT above grade 1 before and after each vaccine dose

Time period Sample count, n Missing samples at each
dose, n (%)a

Prevalence of elevated ALT
above grade 1, n (%)

95% CI Difference in prevalence, pp
(95% CI)

Before first vaccine 298 79 (21.0) 3 (1.0) 0.2–2.9 +1.3% (−0.8–3.8, p = 0.289)

After second vaccine 7 (2.3) 0.9–4.8

Before third vaccine 207 153 (42.5) 4 (1.9) 0.5–4.9 −1.4% (−4.3–0.8, p = 0.248)

After third vaccine 1 (0.5) 0.01–2.7

Before fourth vaccine 71 239 (77.1) 0 (0.0) 0.0–5.1 +1.4% (−3.9–7.6, p = 1)

After fourth vaccine 1 (1.4) 0.04–7.6

Before fifth vaccine 182 75 (29.2) 2 (1.1) 0.1–3.9 −1.1% (−3.9–1.1, p = 0.480)

After fifth vaccine 0 (0.0) 0.0–2.0

Before sixth vaccine 135 35 (20.6) 2 (1.5) 0.2–5.3 0.0% (−3.7–3.7, p = 1)

After sixth vaccine 2 (1.5) 0.2–5.3

ALT Alanine transaminase, pp percentage points.
aMissingsamplesat eachdose representsparticipantswho received the respectivevaccinebutwereexcluded fromanalyses if they lackedanALTsamplebothwithin90dayspre- andpost-vaccination, or if
vaccination occurred less than 180 days after a previous dose.
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standard for diagnosing acute graft rejection19, and while percuta-
neous ultrasound guided liver biopsies are associated with low inci-
dence of serious adverse events22, the procedure is not without risk,
with bleeding being the most important complication23. Thus, our
finding is reassuring and raises no concerns about an association
between vaccination with BNT162b2 and rejection episodes or
unnecessary clinical interventions in LTx recipients.

To investigate the potential for confounding due to SARS-CoV-2
infection status, we investigated the incidence rate of positive SARS-
CoV-2 PCR tests before and after vaccination with BNT162b2. We
found a higher incidence rate in the periods after vaccination than in
the periods before, primarily due to a high number of cases in the
period after the fourth vaccine dose. This period coincided with the
peak of incidence of infections with the SARS-CoV-2 Omicron var-
iant in Denmark during January and February 2022. Since SARS-
CoV-2 infection is associated with ALT elevations and infections
were more common post-vaccination, confounding would likely
enhance rather than mask a signal. Although some asymptomatic
infections may remain uncaptured, we find no reason for concern
with regards to underestimating a vaccination related effect on ALT
elevations due to confounding from SARS-CoV-2 infection status.

Contrary to our hypothesis, our findings do not support an association
between elevatedALTandno increaseduse of liver biopsies afterBNT162b2
vaccination in LTx recipients. Our study provides important evidence on
the safety of BNT162b2 vaccination for health authorities and transplant
clinicians to guide future vaccination recommendations. Considering the
well-established benefits of vaccination in preventing severeCOVID-19 and
death3–5, this study provides support to the current vaccination strategy to
prevent severe COVID-19 in LTx recipients.

It is a strength that our studywas conductedonLTx recipients included
in the nationwide, prospective, and well-characterized the Danish Comor-
bidity in Liver Transplant Recipients (DACOLT) study. Another strength is
the use of the Danish vaccination register (DDV), the Danishmicrobiology
database (MiBa), and the Danish pathology data bank (DPDB), which are
national databases that provide robust and complete data on vaccination,
SARS-CoV-2 infections, and biopsies for the cohort. Furthermore, follow-
up was more than three years and included information on up to seven
vaccine doses in a real-world setting.

Limitations include comparing periods before the first vaccine to
after the second dose for the prevalence estimates. The requirement for
both an ALT measurement 90 days before and after a vaccination and
excluding subsequent vaccines with less than 180 days apart resulted in
missing data in the estimates of prevalence of ALT elevation. Impor-
tantly, this was not the case for the SCCS analysis, where data was
included even when risk periods overlapped. In these analyses, over-
lapping exposure periods are handled by splitting the observation time
into separate intervals with clear exposure status, ensuring no data loss.
Using routine clinical care data may have led to unbalanced sampling
bias, as participants with higher disease burden may be sampled more
frequently. Additionally, we assumed that participants without a base-
lineALTmeasurement had a normalALT at baseline. A large proportion
of participants lacked a baseline ALT measurement, and we cannot rule
out that we some of the participants without baseline ALT measure-
ments may have had abnormal ALT. As the definition of elevated ALT
rely on whether baseline ALT is normal or abnormal this could lead to
misclassification of events as being elevated ALT, although they are not.
However, we would expect this misclassification to be evenly distributed
between post vaccination risk periods and control periods, thus lowering
the risk of bias. Furthermore, we did not investigate other possible
reasons for elevated ALT e.g., diseases or surgical procedures or inves-
tigate other liver function tests thanALT. Finally, most SOT recipients in
Denmark were vaccinated with BNT162b2, and we censored partici-
pants when they received other COVID-19 vaccines than BNT162b2.
Thus, our results are not generalizable to populations with more het-
erogenous COVID-19 vaccination schedules.

In conclusion,we foundno evidence to support an association between
elevated ALT or increased use of liver biopsies after BNT162b2 vaccination
in LTx recipients.

Methods
Study design
This cohort study is a sub-study of the DACOLT study24. The DACOLT
study is an ongoing nationwide, prospective cohort study that aims to
investigate the burden of comorbidities in LTx recipients. All living reci-
pients above 20 years of age followed at an outpatient clinic inDenmark and
able to provide informed content are invited to participate in the study.

In Denmark, the COVID-19 vaccination program was initiated on
December 27th, 202025. In this study, follow-up started three months before
the administration of the first vaccine dose for each participant. If a parti-
cipant did not receive any vaccines, follow-up started December 27th, 2020.
Participants had to be at least one year from transplantation at the start of
follow-up to be eligible for inclusion, as we deemed to include participants
who were in stable immunosuppressive maintenance therapy.

The end of follow-up was May 31st, 2024, death, re-transplantation, or
administration of a COVID-19 vaccine other than monovalent or bivalent
BNT162b2 vaccines, whichever came first. This study did not influence the
vaccination strategy of the participants. All blood samples and liver biopsies
were performed as part of clinical routine or based on clinical indication as a
part of routine clinical care. LTx recipients in Denmark are monitored with
ALT measurements at least every six months.

The DACOLT study (clinical trial identifier NCT04777032) is
approved by the Committee on Health Research Ethics of The Capital
Region of Denmark (approval number H-20052199).

Data collection
Clinical information, including demographics, ALT measurement
dates and values, date and reason for transplantation, date of re-
transplantation, use of immunosuppressive medication at inclusion in
DACOLT study, acute graft rejections, and time of death were collected
from medical records.

Information regarding COVID-19 vaccine types and administration
dates were acquired from DDV. It has been mandatory to register all vac-
cines administered inDenmark in DDV since 201526. Data on liver biopsies
were collected from DPDB, which contains all information on biopsies
performed in Denmark since 199027. Information on SARS-CoV-2 infec-
tions was retrieved fromMiBa, a nationwide database that encompasses all
SARS-CoV-2 PCR tests from the primary healthcare sector, hospitals and
test centers across Denmark28. Liver biopsies included in this study were
categorized using information frommedical records as eitherpre-scheduled
protocol biopsies or biopsies performed on clinical indication.

Definitions
We defined baseline ALT for each participant as the median of ALT
measurements from September 27th, 2020, to three months before
administration of the first vaccine dose in each participant. For par-
ticipants who did not receive any vaccines, baseline ALT was defined
as the median of ALT measurements from September 27th, 2020, to
December 27th, 2020, when the first COVID-19 vaccine was admi-
nistered in Denmark. Participant who did not have a baseline ALT
measurement (n = 149, 37.9%) were considered to have a normal ALT
at baseline. Baseline ALT was categorized as elevated in accordance
with the Danish Health Authorities’ definition of upper limits of
normal (ULN)29.

Severity of elevated ALT was categorized according to CTCAE 5.030.
According toCTCAE,an elevatedALTmeasurement is categorized as grade
1 ( >ULN – 3.0 x ULN if baseline was normal; 1.5–3.0 x baseline if baseline
was abnormal), grade 2 ( >3.0–5.0 xULN if baselinewasnormal; >3.0– 5.0 x
baseline if baselinewas abnormal), grade 3 ( >5.0–20.0 xULN if baselinewas
normal; >5.0–20.0 x baseline if baselinewas abnormal) and grade 4 ( >20.0 x
ULN if baseline was normal; >20.0 x baseline if baseline was abnormal).
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We defined biopsies on clinical indication as biopsies performed due to
suspicion of rejection or suspicion of de novo liver-disease by a transplant
clinician.

In our liver transplant centre, first choice treatment of acute rejections
is high-dosemethylprednisolone. Thus, we defined acute graft rejection as a
biopsy-confirmed acute rejection, treated with high-dose methylpredniso-
lone for 3–5 days.

Self-controlled case series analysis
To investigate the relative incidence of ALT elevation after COVID-19
vaccinations, we used a SCCS analysis. All participants who had at least one
elevatedALTmeasurement during the follow-upwere included in the SCCS
analysis. If a participant had multiple elevated ALT measurements, they
were included as separate cases in the SCCS analysis if at least one normal

ALT sample separated each elevated ALT. In the SCCS analysis, we defined
risk periods as 21 days after the first vaccination and 90 days for the
remaining vaccine doses. The 90-day interval was a pragmatic choice made
in order to reduce the risk ofmissing episodes of increased ALT or biopsies.
We chose 90days as the recommendedminimum time betweenCOVID-19
vaccine booster doses in Denmark was three months, and as we have pre-
viously found the immune response to peak in SOT recipients after three
months3. The risk period of 21 days after the first vaccine dose was chosen
based on a clinical rationale, as the recommended interval between the first
and second vaccine doses was 21 days. Control periods were defined as time
not defined as risk periods. In the SCCS analysis, follow-up started three
months before the administration of the first vaccine dose for each parti-
cipant. If a participant did not receive any vaccines, follow-up started
December 27th, 2020.

Fig. 3 | Prevalence of elevatedALT or liver biopsies in the 90 days before a vaccine
is compared to 90 days after a vaccine. a The period 90 days before the first vaccine
is compared to 90 days after the second vaccine. Prevalence of elevated ALT or liver
biopsies are not calculated in the period between the first and second vaccine. The

grey area between vaccine doses one and two indicates a 21-day interval. b If there
were less than 180 days between two vaccination dates, ALT samples or liver biopsies
did not contribute to the before period of the following vaccine and, thus prevalence
of elevated ALT or liver biopsies could not be calculated for the following vaccine.

Fig. 4 | The timeline illustrates the interplay of vaccine administration periods,
the dominant SARS-CoV-2 variants inDenmark and the dynamic progression of
COVID-19 lockdowns and subsequent lifting of restrictions. Blue boxes on the
timeline indicate when most LTx recipients in the study received their respective

vaccine. Above the timeline, the prevailing SARS-CoV-2 variant in Denmark is
indicated at each given time point. Below the timeline, major COVID-19 lockdowns
and the reopening of society are indicated.
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Statistics
Statistical analyses were performed using R (4.3.2). Continuous data were
reported as medians with IQR. Categorical data were reported numerically
and as percentages.

Prevalence of elevated ALT and liver biopsies were calculated as the
number of participants with an elevatedALTmeasurement or a liver biopsy
90daysbefore and90days after eachCOVID-19vaccinedose, except for the
prevalence 90 days before the first vaccine which was compared to the
prevalence 90 days after the second vaccine (Fig. 3A).

Participants were included in the analyses of prevalence of ele-
vated ALT, if they had at least one ALT sample both 90 days before and
90 days after administration of a COVID-19 vaccine, resulting in a
complete-case analysis. If less than 180 days separated two vaccination
dates and the 90 days after vaccination overlapped with the 90 days
before the following vaccine, the prevalence was not calculated for the
before- and after-period for the latter of the two vaccines (Fig. 3B). An
overview of the interplay between vaccine administration periods, the
dominant SARS-CoV-2 variants in Denmark, and the dynamic pro-
gression of COVID-19 lockdowns and subsequent lifting of restric-
tions can be found in Fig. 4.

Prevalence of elevatedALTand liver biopsieswere calculatedwith 95%
CI using the exact method. Difference in prevalence was calculated in
percentage point (pp) with 95% CI and was tested using McNemar’s test.

The incidence rate of positive SARS-CoV-2 PCR test 90 days before
and after vaccination with BNT162b2 was calculated by dividing the
number of cases with person-time at risk, and 95%CIwere calculated using
Byar’s approximation.

In a sensitivity analysis, all analyses were repeated after excluding
participants who were censored due to receiving other COVID-19 vaccines
than BNT162b2.

Data availability
Due to the sensitive nature of the research and the potential for participant
re-identification, the datasets generated and analyzed during the current
study are not publicly available. This includes all individual de-identified
participant data, as even with de-identification, the risk of compromising
participant confidentiality remains. Consequently, no data or additional
related documents will be shared.
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