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Abstract
Background/Aims: In this observational study, we explored the humoral and cellular
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immune response to SARS‐CoV‐2 vaccination in patients with autoimmune hepatitis
(AIH) and patients with cholestatic autoimmune liver disease (primary sclerosing
cholangitis [PSC] and primary biliary cholangitis [PBC]).
Methods: Anti‐SARS‐CoV‐2 antibody titers were determined using the DiaSorin
LIAISON and Roche immunoassays in 103 AIH, 64 PSC, and 61 PBC patients and 95
healthy controls >14 days after the second COVID‐19 vaccination. The spike‐
specific T‐cell response was assessed using an activation‐induced marker assay
(AIM) in a subset of individuals.
Results: Previous SARS‐CoV‐2 infection was frequently detected in AIH but not in
PBC/PSC (10/112 (9%), versus 4/144 (2.7%), p = 0.03). In the remaining patients,
seroconversion was measurable in 97% of AIH and 99% of PBC/PSC patients,
respectively. However, in 13/94 AIH patients antibody levels were lower than in any
healthy control, which contributed to lower antibody levels of the total AIH cohort
when compared to PBC/PSC or controls (641 vs. 1020 vs. 1200 BAU/ml, respectively). Notably, antibody levels were comparably low in AIH patients with (n = 85)
and without immunosuppression (n = 9). Also, antibody titers significantly declined
within 7 months after the second vaccination. In the AIM assay of 20 AIH patients, a
spike‐specific T‐cell response was undetectable in 45% despite a positive serology,
while 87% (13/15) of the PBC/PSC demonstrated a spike‐specific T‐cell response.
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Conclusion: Patients with AIH show an increased SARS‐CoV‐2 infection rate as well
as an impaired B‐ and T‐cell response to SARS‐CoV‐2 vaccine compared to PBC and
PSC patients, even in the absence of immunosuppression. Thus, antibody responses
to vaccination in AIH patients need to be monitored and early booster immunizations considered in low responders.
KEYWORDS

autoimmune hepatitis, chronic liver disease, immunosuppression, primary biliary cholangitis,
primary sclerosing cholangitis, SARS‐CoV‐2 vaccination

INTRODUCTION
Key summary
The severe acute respiratory syndrome coronavirus type 2 (SARS‐
CoV‐2) vaccine‐induced immune response of different cohorts with
liver disease including cirrhotic patients and liver transplant recipients has recently been published.1 It demonstrated lower spike‐
specific antibody levels after the second SARS‐CoV‐2 vaccination in
transplant patients but equally high antibody levels in cirrhotic patients compared to HC. In contrast, the spike‐specific T‐cell response
was reduced in both patient groups. Another study revealed that
patients with various autoimmune diseases and immunosuppression
like rheumatic arthritis were also less likely to reach seroconversion
after SARS‐CoV‐2 vaccination.2 However, the vaccination response
in patients with autoimmune liver diseases has not been studied
comprehensively so far, nor have risk factors for an inadequate
vaccination response been explored in this vulnerable cohort.
This prospective observational study compared the humoral and
T‐cellular immune response to SARS‐CoV‐2 vaccination in a large
cohort of patients with AIH and cholestatic autoimmune liver disease
(PBC and PSC). Also, predictors of low response to vaccination were
explored in this cohort.

� This is the first report that comprehensively assessed the
immune reponse after the second SARS‐CoV‐2 vaccination in patients with autoimmune liver diseases.
� 103 patients with autoimmune hepatitis (AIH) as well as
125 patients with primary biliary cholangitis (PBC) or
primary sclerosing cholangitis (PSC) were included.
� The humoral and cellular vaccination was compared to a
control group of heathy individuals that was matched by
age, sex, and time from second vaccination.
� In almost all patients a humoral vaccination response
could be detected.
� Nevertheless, AIH patients demonstrated a reduced humoral response compared to healthy controls (HC) or
patients with cholestatic liver disease.
� Despite a positive serology, no spike‐specific T cell
response was detected in half of the patients with AIH,
but in almost all patients with PBC or PSC.
� The impaired vaccination response in AIH was also
observed in patients in remission without receiving
immunosuppressive drugs.

PATIENTS AND METHODS
Study population and data collection
German Federal Institute for Vaccines and Biomedicines (Reg. number
Consecutive non‐pregnant patients ≥18 years with diagnosed AIH,

NIS508). All participants signed written informed consent.

PSC, or PBC presenting at the YAEL outpatient clinic of the University
Medical Center Hamburg‐Eppendorf (UKE) for routine visits between
July and September 2021 were enrolled in this prospective observational cohort study in case of SARS‐CoV‐2 vaccination with a two‐dose

Investigation of the COVID‐19 vaccine‐specific
humoral and T‐cell response

regimen, consisting of an mRNA (BNT162b2; BioNTech SE/Pfizer or
mRNA‐1273; Moderna Biotech) or vector‐based vaccine (AZD1222;

The vaccine‐specific humoral immune response was quantitatively

AstraZeneca). Clinical data were obtained from the patients' elec-

determined by the DiaSorin LIAISON XL anti‐SARS‐CoV‐2 TrimericS

tronic medical records. In addition, previous data from 95 control

IgG ChemiLuminescent ImmunoAssay (sensitivity 99.4%, specificity

subjects matched by age, vaccination regimen, and time since second

99.8%, cut‐off 33.8 BAU/mL4), further denoted as anti‐S Trimer, and

3

vaccination were included. In all participants, the immune response

the Roche Elecsys anti‐SARS‐CoV‐2 S Ig ElectroChemiLuminescent

was determined >2 weeks after the second vaccination. The study was

ImmunoAssay (sensitivity 93.9%, specificity 99.6%, cut‐off 0.8 U/mL5),

approved by the local Ethics Committee of Hamburg, Germany (Reg.

further denoted as anti‐S RBD. To detect silent infections, the exis-

numbers PV7103, PV7298, EV5332) and the Paul Ehrlich Institute, the

tence of anti‐nucleocapsid antibodies was qualitatively assessed by

DUENGELHOEF

TABLE 1

-

ET AL.

321

Baseline characteristics and humoral response to SARS‐CoV‐2 vaccination
AIH (n = 94)

PBC/PSC (n = 123)

Controls (n = 95)

p

Age (mean years, SD)

53 (17)

52 (15)

51 (8)

0.108

Females (n, %)

74 (79)

80 (65)

72 (75)

0.056

Vaccine regimen

0.025

mRNA/mRNA (n, %)

83 (88)

105 (85)

90 (95)

BNT162b2 (n, %)

77 (82)

91 (74)

87 (92)

6 (6)

14 (11)

3 (3)

AZD1222/AZD1222 (n, %)

6 (6)

5 (4)

2 (2)

AZD1222/mRNA (n, %)

5 (5)

13 (11)

3 (3)

85 (36)

79 (29)

85 (28)

Transient elastography (median kPa, IQR)

6.5 (5.3–10.6)

6.0 (4.8–8.2)

0.331

Cirrhosis (n, %)

33 (35)

21 (17)

0.002

9 (10)

13 (11)

0.810

mRNA‐1273 (n, %)

nd

Time 2

vaccination ‐ follow‐up (mean days, SD)

Diabetes (n, %)
2

BMI (median kg/m , IQR)
Arterial hypertension (n, %)
Creatinine (median mg/dl, IQR)

27.0 (23.3–31.0)
31 (33)
0.82 (0.72–0.92)

25.0 (22.6–28.0)

0.062

0.048

31 (25)

0.209

0.80 (0.74–0.90)

0.946

GFR (median mL/min, IQR)

88 (76–103)

81 (74–92)

0.729

HbA1c (median %, IQR), n = 43

5.4 (4.9–5.9)

5.8 (5.3–6.4)

0.238

Lymphocytes (median 10^9/L, IQR)

1.2 (0.7–1.6)

1.8 (1.3–2.3)

<0.001

T‐lymphocytes (median/μL, IQR), n = 50

717 (404–1008)

899 (633–1482)

0.151

B‐lymphocytes (median/μL, IQR), n = 50

54 (37–146)

187 (138–323)

0.001

Immunosuppression (n, %)

85 (90)

31 (25)

<0.001

31 (33)

11 (9)

<0.001

Steroids (n, %)
If yes: Dosage (median mg, range)
Azathioprine (n, %)
If yes: Dosage (median mg, range)

5 (2–40)
59 (63)
75 (10–200)

5 (2–15)

0.871

6 (5)

<0.001

75 (50–150)

0.884

MMF (n, %)

7 (7)

Other (n, %)

14 (15)

25 (20)

≥2 Immunosuppressants (n, %)

27 (29)

9 (7)

<0.001

≥3 Immunosuppressants (n, %)

1 (1)

0

0.433

Antibody titer trimer (median BAU/mL, IQR)

641 (227–1440)

0

1020 (432–1770)

0.003
0.302

1100 (552–1780)

0.002

Seroconversion (n, %)

91 (97)

122 (99)

95 (100)

0.125

≥100 BAU/mL (n, %)

84 (89)

119 (97)

95 (100)

0.001

≥552 BAU/mL (n, %)

51 (54)

86 (70)

72 (76)

0.005

Antibody titer RBD (median AU/mL, IQR)

980 (348–2304)

1743 (810–3450)

1262 (646–2370)

0.008

Seroconversion (n, %)

93 (99)

123 (100)

95 (100)

0.309

≥100 AU/mL (n, %)

82 (87)

121 (98)

95 (100)

<0.001

≥646 AU/mL (n, %)

56 (60)

95 (77)

71 (76)

0.014

Note: p‐values < 0.05 were highlighted in bold.
Abbreviations: AIH, autoimmune hepatitis; BAU, binding antibody units; BMI, body mass index; GFR, glomerular filtration rate; IQR, interquartile range;
MMF, mycophenolate mofetil; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; RBD, receptor binding domain; SD, standard
deviation; UDCA, ursodeoxycholic acid.
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the Roche Elecsys anti‐SARS‐CoV‐2 N Ig.ElectroChemiLuminescent

Statistics Version 26 (IBM Corp.) and GraphPad Prism version 8.0.0

ImmunoAssay (sensitivity 93.6%, specificity 99.8%).6

(GraphPad Software) were used for statistical analyses and to create
figures, respectively.

The spike‐specific T‐cell response measured by an
AIM assay

RESULTS

For assessment of the spike‐specific T‐cell response, peripheral blood

Patient characteristics

mononuclear cells were isolated from EDTA‐blood by Ficoll‐
PaqueTTM density gradient centrifugation and frozen at −80°C until
6

In a total of 112 consecutive patients with AIH and 144 consecutive

analysis. After thawing, a minimum of 1 � 10 cells were stimulated

patients with cholestatic liver disease (70 PBC, 74 PSC), anti‐spike

with an overlapping 15‐mer peptide pool derived from the full

antibodies and anti‐nucleocapsid antibodies were prospectively

sequence of the SARS‐CoV‐2 spike glycoprotein (PepMixTM SARS‐

assessed >14 days following the second SARS‐CoV‐2 vaccination.

CoV‐2 Spike Glycoprotein, JPT Peptide Technologies) or left unsti-

Patients in whom the exact information on the date of the second

TM

purified

vaccination or the vaccination regime was not available were only

anti‐human CD40 antibody (BioLegend). Cells were stained with an

included in the analysis on seroprevalence of SARS‐CoV‐2 infection

antibody cocktail (Table S1) for the detection of surface molecules. All

but not in the analysis on vaccination response. Convalescent pa-

samples were analyzed on a BD FACS Canto II, and FlowJo version

tients were analyzed separately (flow chart, Figure.S1), Ultimately, 94

10.8.0 (BD Biosciences) was used for the flow cytometric analysis.

AIH patients and 123 patients (59 PBC, and 64 PSC) with autoim-

mulated for 18 h at 37°C after adding 1 μL Ultra‐LEAF

mune cholestatic liver disease were included in the final analysis of
vaccination response and were compared to a control group of 95

Statistical analysis

healthy individuals who were matched by age, sex, and time since
second vaccination. Characteristics of patients and controls included

2

Pearson Chi test and Fisher's exact test were used to test the dif-

in the main analysis are given in Table 1.

ference in dichotomous variables between two or more groups.
Normally and abnormally distributed continuous variables were
compared by t‐test and Mann‐Whitney test when comparing two
groups or Kruskal‐Wallis test when comparing more than two groups,

Seroprevalence of SARS‐CoV‐2 infection in vaccinated
individuals with autoimmune liver disease

respectively. A binary logistic regression model was constructed
based on rational assumptions to predict a low immune response.

In total, 11 patients (AIH: 8/112 (8%), PBC: 1/70 (1%), PSC: 2/74

Significance was expected for p‐values smaller than 0.05. SPSS

(3%)) were tested positive for nucleocapsid antibodies indicating
previous SARS‐CoV‐2 infection. In addition, two AIH patients and
one PSC patient reported a previous SARS‐CoV‐2 infection despite

(a)

(b)
(a)

(b)

10000
1000
100
10

PB
C

/P
S

C

1
AI
H

SARS-Co-V-2 Spike Trimer (BAUml)

0.0062
100000

F I G U R E 1 Serological response after second Covid‐19
vaccination according to anti‐S Trimer (a) Patients with
autoimmune hepatitis (AIH) compared to healthy controls (HC)
(b) AIH compared to patients with cholestatic autoimmune liver
disease (primary biliary cholangitis/primary sclerosing cholangitis).
Statistical analysis was performed by Mann‐Whitney test; dotted
horizontal lines indicate cut‐off value for borderline response
(<100 BAU/mL); bars and solid horizontal lines indicate medians
and interquartile ranges

F I G U R E 2 Comparison of humoral response according to the
anti‐S Trimer in autoimmune hepatitis (AIH) patients (AIH) under
various conditions (a) AIH with liver cirrhosis compared to AIH
without liver cirrhosis (b) Patients in biochemical remission (No IS)
compared to patients undergoing immunosuppressive therapy (IS).
Statistical analysis was performed by Mann‐Whitney test; dotted
horizontal lines indicate cut‐off value for “borderline response”
(<100 BAU/mL); bars indicate medians; solid horizontal lines
indicate interquartile ranges

DUENGELHOEF

-

ET AL.

323

the absence of nucleocapsid antibodies. Thus, in our cohort SARS‐

to HC when measured by the Trimer assay (p = 0.001; Figure 1a)

CoV‐2 infections had occurred more frequently in patients with

and tended to be lower when the RBD assay was used (p = 0.08;

AIH than in patients with cholestatic liver diseases (10/112%, 9% vs.

Figure S2A). Although the difference in median antibody levels be-

4/144%, 2.7%, p = 0.03).

tween the total cohort of AIH patients and controls was moderately

Of note, only eight patients were aware of previous SARS‐CoV‐2

pronounced, it is noteworthy that in a subgroup of 13 (14%) AIH

infection and reported mildly symptomatic COVID‐19 (AIH: 6/112

patients, antibody levels were lower than the lowest antibody titer

(5%), PBC: 1/70 (1%), PSC: 1/74 (1%)), while in six patients the

measured in any healthy control (Figure 1a, Figure S2A). The charac-

infection had taken a silent course. No patient had been hospitalized

teristics of this subgroup of AIH patients are shown in Table S2. No

because of COVID‐19.

individual risk factor for impaired antibody response could be detected in this subgroup.
Irrespective of the assay used, antibody titers in AIH were

Reduced humoral immune response in patients with
AIH

significantly lower when compared to patients with cholestatic liver
diseases (Figure 1b, Figure S2B). Therefore, we next explored whether
this difference might be related to the distribution of potential risk

In AIH, almost all patients (91/94%, 97%) achieved seroconversion.

factors for an impaired vaccination response. Patients with AIH did not

Nevertheless, antibody titers were significantly lower in comparison

differ with regard to age, sex, time since second vaccination, diabetes,

TABLE 2

Comparison of autoimmune hepatitis (AIH) patients with and without immunosuppression
IS (n = 85)

No IS (n = 9)

Age (mean years, SD)

52 (17)

60 (17)

0.138

Females (n, %)

68 (80)

6 (67)

0.395

Time 2nd vaccination ‐ follow‐up (mean days, SD)

84 (35)

104 (42)

0.117

Transient elastography (median kPa, IQR)

6.7 (5.3–12.0)

Cirrhosis (n, %)

30 (35)

BMI (median kg/m2, IQR)
Diabetes (n, %)
Arterial hypertension (n, %)
Creatinine (median mg/dL, IQR)

27.4 (23.3–31.0)
9 (10)

5.7 (4.2–8.1)
3 (33)
24.7 (22.3–29.8)
0

29 (34)

2 (22)
0.82 (0.72–0.88)

GFR (median mL/min, IQR)

88 (76–102)

86 (76–104)

HbA1c (median %, IQR)

5.4 (4.8–5.8)
13.9 (10.4–16.9)

0.243
1.0
0.435
0.593

0.81 (0.72–0.93)

IgG (median g/L, IQR)

p

‐

0.713
0.888
1.0
‐

12.0 (11.2–14.4)

0.459

GOT (median U/L, IQR)

27 (20–43)

30 (25–35)

0.654

GPT (median U/L, IQR)

25 (15–42)

29 (24–34)

0.710

Lymphocytes (median 10^9/L, IQR)

1.13 (0.64–1.56)

1.76 (1.23–2.22)

0.023

T‐lymphocytes (median/μL, IQR)

717 (404–1008)

988 (401‐X)

0.771

B‐lymphocytes (median/μL, IQR)

49 (33–141)

252 (240‐X)

0.038

669 (208–780)

0.812

Antibody titer trimer (median BAU/mL, IQR)

580 (217–1490)

Seroconversion (n, %)

82 (96)

9 (100)

1.0

≥100 BAU/mL (n, %)

75 (88)

9 (100)

0.590

≥552 BAU/mL (n, %)

45 (53)

6 (67)

0.501

Antibody titer RBD (median AU/mL, IQR)

926 (313–2579)

1363 (337–2110)

0.959

Seroconversion (n, %)

84 (99)

9 (100)

1.0

≥100 AU/mL (n, %)

74 (87)

8 (89)

1.0

≥646 AU/mL (n, %)

50 (59)

6 (67)

1.0

Note: p‐values < 0.05 were highlighted in bold.
Abbreviations: BAU, binding antibody units; BMI, body mass index; GFR, glomerular filtration rate; GOT, glutamic oxaloacetic transaminase; GPT,
glutamic pyruvic transaminase; IQR, interquartile range; IS, immunosuppression; RBD, receptor binding domain; SD, standard deviation; UDCA,
ursodeoxycholic acid.
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arterial hypertension, or renal impairment when compared to patients

healthy control in this study. Furthermore, an additional cut‐off for a

with cholestatic liver disease (Table 1). However, AIH patients had

“low” positive response was set at the 25% percentile of antibody

more frequently liver cirrhosis (35% vs. 17%, p = 0.002) and immu-

levels from HC in the respective assay (i.e. 552 BAU/mL (anti‐S

nosuppressive treatment (90% vs. 25%, p < 0.001) along with reduced

Trimer) and 646 AU/mL (anti‐RBD)).

B‐cell counts (54/μL vs. 187/μL, p = 0.001). Also, AIH patients tended

Both endpoints, “borderline” and “low” response occurred more

to have less frequently received a heterologous vaccination (5% vs.

frequently in patients with AIH than in patients with autoimmune

11%, p = 0.16). Hence, the potential impact of these factors on anti-

cholestatic liver disease (“borderline response”: 11% vs. 3%,

body levels was further explored.

p = 0.028; “low response”: 46% vs. 30%, p = 0.18; Table 1; Figure 3).

Albeit most AIH patients require long‐term immunosuppressive

In the total cohort of patients with autoimmune liver diseases, an

treatment,7 nine (10%) AIH patients were in biochemical remission

independent effect on both endpoints, “borderline response” as well

and had been off immunosuppressive therapy for at least 6 months.

as “low response”, was demonstrated for only two parameters that is

Interestingly, AIH patients without immunosuppression had compa-

the use of steroids and time after second vaccination (Table 3, Ta-

rably low antibody levels as those under immunosuppression

ble S3 and S4).

(Figure 2a, Figure S3A), as well as lower antibody titers than HC

Thus, the impact of time after second vaccination was further

(p = 0.050). Of note, no difference between AIH patients with and

investigated. The time interval varied between 2 weeks and 7 months

without immunosuppression was observed concerning age, time

and was not different between study groups (Table 1). During this

since second vaccination, or any other baseline characteristic

period, a decrease of antibody titers was observed in all study groups

(Table 2). Moreover, there was no difference in antibody levels be-

independently of the antibody assay applied (Figure 4, Figure S5).

tween AIH patients with and without liver cirrhosis (Figure 2b,

Moreover, there was no difference between the patient groups in

Figure S3B). As heterologous vaccination was more frequent in pa-

how steep the decline of antibody levels occurred. Overall, in patients

tients with cholestatic liver disease, the results of the different pa-

with >3 months after the second vaccination, antibody levels were

tient groups (AIH vs. Primary biliary cholangitis/PSC) were compared

only half as high as in the group <3 months after second vaccination

separately after the exclusion of patients who were vaccinated with a

(anti‐S Trimer: 1310 vs. 636 BAU/mL, p < 0.001; anti‐RBD: 1977 vs.

heterologous vaccine regime. Here, the antibody levels of AIH pa-

988 AU/mL, p < 0.001).

tients were still significantly lower compared to PSC/PBC patients

Although no other factor was independently linked with

(anti‐S Trimer: 669 BAU/ml (IQR 227 vs. 1480) versus 1020 BAU/ml

borderline response in the small subset of patients with antibody

(480–1610), p = 0.027; anti‐S RBD: 1142 AU/ml(301–2670) versus

levels <100 BAU/ml, age, sex, diabetes, and hypertension indicated

1705 AU/ml (875–2823), p = 0.023) (Table S3).

some impact on “low response” consistently in both assays but this

Hence, no extrinsic factor which might have contributed to the
lower antibody levels among AIH patients could be identified.

failed to reach significance in the multivariate analysis (Table 3,
Table S4).
Heterologous vaccination was associated with increased antibody levels, but only in the Trimer assay (Table 3) and only in patients

Humoral immune response in patients with PBC and
PSC

with cholestatic liver disease (1770 vs. 1010 BAU/ml, p = 0.019) as

When patients with cholestatic liver disease (PBC or PSC) were
analyzed separately, PBC patients had lower antibody titers than
patients with PSC (Figure S4) despite less frequent immunosuppressive treatment (12 vs. 38%). However, it must be noted that PBC
patients had a longer time interval after the second vaccination (85
vs. 73 days (mean)) and were significantly older (61 vs. 44 years
(mean)) with consecutively lower glomerular filtration rate (81 vs.
100 ml/min (median)) than patients with PSC (Table S2).

Risk factors for reduced humoral vaccination response
in patients with autoimmune liver disease
The predictive degree of immunity to SARS‐CoV‐2 based on antibody
levels has not been determined yet. Herein, we defined the cut‐off for
a “borderline response” at 100 BAU/mL (and 100 AU/mL) in line with
previous reports and randomized trials.1,8–10 Also, the cut‐off level of
100 BAU/ml represents the lowest antibody level measured in any

F I G U R E 3 Serological response after second Covid‐19
vaccination according to anti‐S Trimer. Distribution of antibody
levels in the respective study groups based on the cut‐off for
“borderline response” (<100 BAU/ml) and “low response” (<552
BAU/ml)
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compared to patients with AIH (546 vs. 728 BAU/ml, p = 0.798). Of

Almost every second AIH patient (9/20, 45%) did not show a

note, even in the separate analysis of patients who had received a

specific CD4+ T‐cell response upon stimulation, while this was the

homologous vaccination regime, the antibody levels of AIH patients

case in only 2/15 (13.3%) patients with cholestatic liver disease (both

were still significantly lower compared to PSC/PBC patients.

PBC) and none of the controls (Figure 5a). Moreover, frequencies of
spike‐specific CD4+ and CD8+ T cells tended to be lower in AIH
patients as compared to HC (p = 0.14, and p = 0.05, respectively),

Spike‐specific T‐cell response

whereby in line with previous results, frequencies of spike specific
CD8+ T cells were lower than respective frequencies of CD4+ T cells

In addition to antibody‐titers, the spike‐specific T‐cell response was
assessed by the upregulation of the activation‐induced markers

(Figure S6).11,12
In the total cohort of patients with autoimmune liver diseases, a

(activation‐induced marker assay (AIM)) CD154 and CD137 in 20

low humoral response (<552 BAU/ml) was linked with lower fre-

AIH patients, 15 patients with cholestatic liver disease (13 PBC, 2

quencies of spike‐specific CD4+ T‐cells and lower T‐cell response

PSC), and 7 controls to examine the spike specific T‐cell response.

upon stimulation (Figure S7). However, the overall correlation

TABLE 3

Binary logistic regression analysis for risk of antibody titers <552 BAU/mL (anti‐S Trimer)
Univariate OR (95%‐CI)

p

Multivariate OR (95%‐CI)

p

Age (per 10 years)

1.25 (1.08‐1.45)

0.003

1.23 (1.05‐1.47)

0.009

Sex

0.62 (0.35–1.07)

0.087

1.85 (1.11‐3.07)

0.018

2.08 (1.18‐3.66)

0.012

1.59 (1.25‐2.03)

<0.001

1.67 (1.28‐2.17)

<0.001

1.92 (1.19‐3.12)

0.008

2.10 (1.24‐3.54)

0.006

Age (per 10 years)

1.28 (1.09‐1.49)

0.003

1.14 (0.94–1.39)

0.174

Sex

0.48 (0.25‐0.92)

0.027

0.87 (0.41–1.84)

0.705

2.02 (1.16‐3.53)

0.013

2.29 (1.21‐4.33)

0.011

1.46 (1.12‐1.89)

0.005

1.53 (1.14‐2.05)

0.005

PBC/PSC

0.51 (0.29‐0.89)

0.018

0.73 (0.38–1.41)

0.351

Immunosuppression

1.65 (0.94–2.89)

0.080

Steroids

2.51 (1.26‐4.97)

0.009

2.71 (1.22‐6.02)

0.014

MMF

2.35 (0.51–10.78)

0.271

Azathioprine

1.60 (0.88–2.89)

0.123

UDCA

0.61 (0.34–1.12)

0.111

Diabetes

3.42 (1.37‐8.57)

0.009

2.48 (0.89–6.91)

0.083

Hypertension

1.97 (1.08‐3.59)

0.027

1.32 (0.64–2.72)

0.450

Transient elastography

0.99 (0.96–1.02)

0.386

Cirrhosis

0.82 (0.43–1.56)

0.535

BMI

1.05 (0.99–1.11)

0.129

HbA1c

1.19 (0.79–1.79)

0.399

Creatinine

1.93 (0.67–5.55)

0.221

IgG

0.97 (0.91–1.03)

0.258

Lymphocytes

1.05 (0.93–1.19)

0.431

T‐lymphocytes

1.00 (1.00–1.00)

0.709

B‐lymphocytes

1.00 (0.99–1.00)

0.308

Total cohort

Heterologous vaccination
nd

Time after 2

vaccination (per 30 days)

Immunosuppression
Patients only

Heterologous vaccination
nd

Time after 2

vaccination (per 30 days)

Note: p‐values < 0.05 were highlighted in bold.
Abbreviations: BMI, body mass index; CI, confidence interval; GFR, glomerular filtration rate; OR, odds ratio; PBC, primary biliary cholangitis; PSC,
primary sclerosing cholangitis; UDCA, ursodeoxycholic acid.
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Moreover, the vaccination response was compared to age‐ and sex‐
matched study groups of patients with cholestatic autoimmune
liver disease (PBC/PSC) and HC.3
Almost all AIH patients (97%) achieved a seroconversion.
Nevertheless, a subgroup of about 15% of patients with AIH showed
a considerably reduced humoral immune response, which resulted in
moderately reduced antibody levels of the total AIH cohort when
compared to healthy individuals or patients with cholestatic liver
diseases. Also, in contrast to some previous reports11 but in accordance with more recent publications,12 our data indicate a significant
decrease of antibody levels in all study groups within a relatively
short period of 7 months. In only every second AIH patient a spike‐
specific T‐cell response was detectable despite high antibody levels.
For instance, 36% showed no spike‐specific T‐cell response despite
antibody titers >552 BAU/ml. Collectively, these data demonstrate a
moderately reduced humoral SARS‐CoV‐2 vaccination response in
F I G U R E 4 Humoral response after second vaccination by the
anti‐S Trimer over time. Comparison of the antibody titer according
to the time point after second dose in patients with autoimmune
hepatitis (AIH, black dots), patients with cholestatic liver disease
(primary biliary cholangitis/primary sclerosing cholangitis, turquoise
squares) and healthy controls (HC, purple ascending triangles). Dotted
horizontal line indicates cut‐off value for “borderline response”
(<100 BAU/mL)

AIH as well as an impaired T cell response compared to PBC/PSC
and HC.
These results are somewhat unexpected, given the fact that most
AIH patients in our cohort were only under mild immunosuppressive
therapy receiving low dose azathioprine w/o low dose prednisolone.
Notably, 10% of the AIH patients were in biochemical remission and
had been off immunosuppressive therapy for at least 6 months, and
even these patients demonstrated comparably low antibody titers as

between the humoral and cellular immune response was of only minor

AIH patients under immunosuppression. These findings are in line

stringency in all study groups. In patients with AIH, the antibody

with a previous study that reported that untreated AIH patients did

levels demonstrated some correlation with frequencies of spike‐

not respond to tetanus toxoid booster immunization.13 Moreover,

+

T‐cells (Figure S8) but did not correlate with the

this previous report demonstrated an active suppression of T‐cell

stimulation index of spike specific CD4+ T cells (r = = 0.18, p = 0.44).

autoreactivity by peripheral blood cells collected in phases of dis-

specific CD4

Along this line, 6/13 (46%) AIH patients showed no T‐cell response

ease remission. Thus, based on these observations a general immu-

despite high antibody titers ≥552 BAU/ml (anti‐S Trimer). In contrast,

nocompromised state may exist in AIH which might also have

this was only observed in 1/12 (8%) of the patients with PBC/PSC

contributed to the reduced vaccination response and the diminished

(Figure 5b). Nevertheless, also in patients with PBC/PSC, the correlation

effects of heterologous vaccination in our AIH cohort. Along this line,

between humoral and cellular response was not significant (r = 0.12,

potential risk factors of impaired vaccination were equally distrib-

p = 0.24), but tended to be significant in HC (r = 0.26, p = 0.08).

uted between study groups, and therefore, no extrinsic factor that
might have contributed to the reduced vaccination response in AIH
could be identified.

Immune response in convalescents

A recent report demonstrated an inferior survival rate after liver
transplantation in patients with AIH compared to PBC or PSC caused

Of the nine convalescent AIH patients, eight received an mRNA‐based

by an increased susceptibility to infection.14 Accordingly, AIH pa-

vaccination and all developed a humoral immune response with high

tients had an increased risk of SARS‐CoV‐2‐infection compared to

antibody levels ranging from 418 BAU/mL to 16,700 BAU/mL (median

patients with PBC/PSC, as a previous SARS‐CoV‐2‐infection was

3680 BAU/ml). Cellular immune response was only assessed in two

detected in 9% of AIH patients but only in 2.7% of the patients with

convalescent AIH patients after receiving SARS‐CoV‐2 vaccination

PSC/PBC. These rates are higher/lower than an observed convales-

with a two‐dose regimen (BNT162b2; respectively), but none showed

cent rate of 4.7% in a healthcare worker cohort of the same region.3

a spike‐specific T‐cell response despite high anti‐SARS‐CoV‐2 titers.

Although these data were collected 2–4 months earlier in May 2021,
a relevant increase in the convalescent rate since then seems unlikely, given the low SARS‐CoV‐2 incidence rate in Germany from

DISCUSSION

May to September 2021. While immunosuppression due to AIH‐
intrinsic mechanisms or/and medication may have contributed to

This observational study is the first report that comprehensively and

the increased risk of infection in AIH, the mechanisms that might

prospectively assessed the humoral and cellular immune response in

have protected patients with PBC/PSC from SARS‐CoV‐2 infection

patients with AIH following the second anti‐SARS‐CoV‐2 vaccination.

are unknown.

DUENGELHOEF

-

ET AL.

327

(a)

(b)

(c)

F I G U R E 5 T cell response after second SARs‐CoV‐2 vaccination in patients with autoimmune hepatitis (AIH), patients with cholestatic
autoimmune liver disease (primary biliary cholangitis/primary sclerosing cholangitis) and healthy controls (HC) (a) Responder rates within
patient groups according to CD4+ (left) and CD8+ (right) T cell. Stimulation index (SI) was calculated by dividing the percentages of CD154+
CD4+ T cells or rather either CD154+ or CD137+ CD8+ Tcells in the stimulated sample by the respective unstimulated value. A SI of >2 was
interpreted as a positive reaction. SI below 1 were set to 1 (b) Stimulation indices (SI) compared to the humoral response (c) Correlation of
percentages of CD154+ CD4+ T cells to antibody levels (anti‐S Trimer). Dotted horizontal line indicates cut‐off value for an adequate T cell
response; dotted vertical lines indicate cut‐off values for no, “borderline”, or “low response” (<33,8 BAU/mL, <100 BAU/mL, <552 BAU/mL)

As we only assessed anti‐SARS‐CoV‐2 antibodies in vaccinated

was not associated with lower antibody levels. Accordingly, we did

patients and in those with a history of COVID‐19 disease, we might

not observe any effect of liver cirrhosis in the overall cohort of pa-

have missed silent SARS‐CoV‐2 infections in unvaccinated patients.

tients with autoimmune liver disease, nor in AIH, which is of clinical

For this reason, we cannot estimate the overall infection rate.

relevance since about one‐third of AIH patients have already liver

However, the study started at end of July 2021, at a time at which

cirrhosis at the time of diagnosis.

the vast majority had received a vaccination, hence, it seems un-

Previously identified risk factors of impaired SASR‐CoV‐2 vacci-

likely that the overall infection rate in patients with autoimmune

nation response in liver transplant patients1,19 and patients with in-

liver disease was considerably higher. Also, only 5 patients reported

flammatory bowel disease20 like the strength of immunosuppression,

mild COVID‐19 symptom and none of the patients had been hos-

use of azathioprine, diabetes and arterial hypertension were associ-

pitalized because of COVID‐19. Hence, in line with previous reports

ated with low antibody levels in the univariate analysis and thus

15

16,17

seemed to also have some impact on patients with autoimmune liver

patients with autoimmune liver diseases were not at high risk of a

diseases. Nevertheless, in the multivariate analysis, only immunosup-

on patients with AIH

and other autoimmune diseases,

severe disease course.

pression with steroids had an independent effect consistently in both

We and others have reported previously1,18 that in a group of

antibody‐assays, emphasizing its importance for reduced vaccination

patients with chronic liver disease of mixed etiology, liver cirrhosis

response as shown for various patient groups before.19,21,22 However,
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the sample size may have been too small, to detect more subtle pronounced effects, which is clearly a limitation of this study. Especially
the small sample size in the subgroups including AIH patients without

2.

immunosuppression (n = 9), patients with the lowest antibodies
(n = 13) and infection rates among AIH patients and PBC/PSC (n = 11)
limits the significance of the results. Furthermore, not standardizing
timepoints of blood collection after second vaccination is a main

3.

methodological limitation of this study. Although time since second
vaccination was equally distributed between study groups, the time
interval varied considerably, and therefore, might have introduced
bias. In addition, this study is limited by the restricted number of pa-

4.

tients in whom the T‐cell response was explored. In addition, we did
not look for the functionality of the T cells (e.g. via cytokine staining),
hence the full T cell response and level of protection in our cohort is

5.

still unknown. Finally, it has to be pointed out that the level of circulating SARS‐CoV‐2 antibodies that renders safe protection against
symptomatic breakthrough infection has not been established yet. So,

6.

the chosen cut‐offs of a borderline and low humoral response should
only be regarded as an estimate based on the range of antibody levels
in controls and the current literature.23
In conclusion, almost all patients with autoimmune liver diseases

7.

showed a detectable humoral response to SARS‐CoV‐2 vaccine.
However, patients with AIH demonstrated an impaired spike‐specific
T‐cell response and reduced antibody levels when compared to HC
or patients with PBC/PSC. Notably, this was also observed in AIH

8.

patients without immunosuppressive medication, suggesting that a
state of generalized immunosuppression may exist in AIH. Along this
line, AIH patients seem to have an increased risk to acquire a SARS‐
CoV‐2‐infection, while – for unknown reasons ‐ patients with PBC/

9.

PSC might be protected from infection. Thus, antibody responses to
vaccination in AIH patients need to be monitored and early booster
immunizations considered in low responders.

10.
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