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Table 1 Comparison between the general Spanish population and the PBC cohort: age- specific cumulative incidence of SARS- CoV- 2 infection and 
hospitalisation related to COVID- 19

Age- specific cumulative incidence of SARS- CoV- 2 infection

General population PBC population

P value
Population age 
interval (years) n SARS- CoV- 2 infection Cumulative incidence (%) n

SARS- CoV- 2 
infection

Cumulative incidence 
(%)

0–39 20 269 831 1 523 897 7.5 33 2 6.1 0.750

40–49 7 813 176 556 259 7.1 113 15 13.3 0.011

50–59 6 974 009 484 805 6.9 287 22 7.7 0.634

60–69 5 281 877 306 533 5.8 326 20 6.1 0.798

>70 8 301 882 388 853 4.7 392 26 6.6 0.068

Overall 47 026 208 3 271 060 6.96 1151 85 7.38 0.567

Global infection ratio (95% CI) 1.07 (0.86 to 1.33)

Age- specific cumulative incidence of hospitalisation related to COVID- 19

General population PBC population

P value
Population age 
interval (years) n SARS- CoV- 2 infection Cumulative hospitalisation (%) n

SARS- CoV- 2 
infection

Cumulative 
hospitalisation (%)

0–39 20 269 831 23 093 0.11 33 1 3 0.017

40–49 7 813 176 24 040 0.31 113 1 0.88 0.268

50–59 6 974 009 36 363 0.52 287 3 1.05 0.210

60–69 5 281 877 42 653 0.81 326 3 0.92 0.820

>70 8 301 882 112 060 1.35 392 12 3.06 0.003

Overall 47 026 208 238 891 0.51 1151 20 1.74 0.0001

Global hospitalisation ratio (95% CI) 3.46 (2.23 to 5.39)

PBC, primary biliary cholangitis.

Letters

Primary biliary cholangitis and 
SARS- CoV- 2 infection: 
incidence, susceptibility 
and outcomes

We read with interest the work by 
Mansoor et al1 regarding the outcomes of 
COVID- 19 in coeliac disease. The impact 
of pre- existing chronic liver diseases on 
COVID- 19 outcomes has been largely 
evaluated,2–4 and consequently specific 
recommendations have been made in 
these patients.5 However, the relationship 
between primary biliary cholangitis (PBC) 
and SARS- CoV- 2 remains unknown.6 We 
aimed to determine (1) the cumulative inci-
dence of SARS- CoV- 2 infection in a popu-
lation of patients with PBC, comparing 
with the general Spanish cumulative inci-
dence by the end of April 2021; (2) the 
baseline factors associated with a higher 
susceptibility to SARS- CoV- 2 infection; 
and (3) the baseline factors associated with 
COVID- 19- related hospitalisation.

We performed a multicentre retrospec-
tive study enrolling 1151 patients from 13 
Spanish referral hospitals. We collected 
information about SARS- CoV- 2 infection 
from medical records of all patients with 
PBC from January 2020 to April 2021 

(online supplemental material 1). Exclu-
sion criteria were patients who died before 
January 2020, liver transplant before or 
after the enrolment and patients having 
received some dose of a vaccine against 
SARS- CoV- 2.

The Spanish government officially 
publishes the prevalence, incidence and 
outcomes of SARS- CoV- 2 (https://www. 
mscbs.gob.es/). For this study, data were 
accessed on 30 April 2021. The cumula-
tive incidence of SARS- CoV- 2 infection 
was 7.3% (85 of 1151) in the PBC popu-
lation vs 7% in the Spanish global popu-
lation (p=0.567). In turn, the cumulative 
hospitalisation rate related to COVID- 19 
was 0.51% (238 891 of 47 026 208) in 
the Spanish population vs 1.74% (20 of 
1151) (p=0.0001) in the PBC population. 
In addition, the cumulative mortality rate 
related to COVID- 19 in Spain was 0.10% 
(48 436 of 47 026 208), while this rate 
was 0.35% (4 of 1151) in the PBC popu-
lation (p=0.01). Table 1 summarises the 
age- specific cumulative incidence and 
hospitalisation comparing the overall and 
PBC populations.

The baseline features of the overall 
cohort are presented in table 2. Albumin 
levels were decreased in patients with 
SARS- CoV- 2 infection (4.14±0.45 g/dL 
vs 4.25±0.44 g/dL; p=0.033). Also, both 
positive anti- mitochondrial autoantibodies 
(AMA) (6.6% (59 of 898) vs negative 

12.6% (22 of 174); p=0.006) and anti- 
Sp100 (4.1% (7 of 171) vs negative 8.4% 
(52 of 619); p=0.05) were inversely asso-
ciated with infection. A higher protection 
was observed in patients with two positive 
autoantibodies (1.5%, 2 of 130) compared 
with those with only one (8%, 45 of 565) 
or subjects with none (12.6%, 12 of 95) 
(p=0.005). In the multivariate analysis 
(logistic regression), albumin levels (OR 
0.41 (95% CI 0.23 to 0.75); p=0.003) 
and positive AMA (OR 0.41 (95% CI 0.22 
to 0.77); p=0.006) were independently 
associated with SARS- CoV- 2 infection 
(table 2). In the case of patients with posi-
tive AMA and anti- Sp100, the OR was 
0.12 (95% CI 0.03 to 0.57; p=0.007).

The proportion of patients who 
required hospital admission after SARS- 
CoV- 2 infection was 23.5% (20 of 85), 
while 3.5% (3 of 85) required intensive 
care unit admission and 4.7% (4 of 85) 
died. Male sex, arterial hypertension, 
older age, and creatinine, alkaline phos-
phatase (ALP), albumin and platelet levels 
were associated with COVID- 19- related 
hospitalisation in the univariate anal-
ysis. In the multivariate analysis (logistic 
regression), male sex (OR 13.44 (95% CI 
1.92 to 94.13); p=0.009), arterial hyper-
tension (OR 5.24 (95% CI 1.12 to 24.32); 
p=0.035), ALP levels (OR 1.004 (95% CI 
1.00 to 1.01); p=0.05) and older age (OR 
1.06 (95% CI 0.99 to 1.12); p=0.07) were 
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Table 2 Baseline characteristics of the overall population and predictive factors associated with SARS- CoV- 2 infection susceptibility in the overall 
PBC cohort

Characteristics
Overall cohort 
(n=1151)

Infected patients with 
PBC (n=85)

Non- infected patients with PBC 
(n=1066)

Unadjusted OR (95% CI);
p value

Adjusted OR (95% CI);
p value

Female sex, % (n) 91.1 (1049/1151) 90.6 (77/85) 91.2 (94/1066) 1.07 (0.50 to 2.29); 0.853 0.49 (0.21 to 1.12); 0.092

Age, years ±SD 63.9±12.4 62.5±13.6 64±12.3 0.99 (0.97 to 1.01); 0.282 0.98 (0.96 to 1.00); 0.082

Obesity (BMI ≥30 kg/m2), % (n) 20.9 (221/1058) 20.3 (16/79) 20.9 (205/979) 0.96 (0.54 to 1.70); 0.885   

Arterial hypertension, % (n) 32.6 (375/1151) 25.9 (22/85) 33.1 (353/1066) 0.71 (0.43 to 1.17); 0.171   

Type 2 diabetes mellitus, % (n) 14.4 (166/1151) 17.6 (15/85) 14.2 (151/1066) 1.30 (0.72 to 2.33); 0.379   

Dyslipidaemia, % (n) 35.1 (404/1151) 29.4 (25/85) 35.6 (379/1066) 0.76 (0.47 to 1.22); 0.254   

AST ±SD (IU/L) 30±17 33±22 29±16 1.01 (1.00 to 1.02); 0.053   

ALT ±SD (IU/L) 29±56 33±26 29±58 1.00 (0.99 to 1.00); 0.611   

GGT ±SD (IU/L) 80±104 106±177 77±98 1.00 (1.00 to 1.00); 0.020   

Alkaline phosphatase ±SD (IU/L) 159±121 180±193 157±113 1.00 (1.00 to 1.00); 0.092   

Bilirubin ±SD (mg/dL) 0.72±0.9 0.72±0.83 0.72±0.92 1.01 (0.80 to 1.27); 0.962   

Albumin ±SD (g/dL) 4.24±0.4 4.14±0.45 4.25±0.44 0.61 (0.39 to 0.97); 0.033 0.41 (0.23 to 0.75); 0.003

Creatinine ±SD (mg/dL) 0.79±0.36 0.83±0.4 0.79±0.36 1.24 (0.76 to 2.01); 0.387   

Platelet count ±SD (×109/L) 231±81 225±87 231±81 0.99 (0.99 to 1.00); 0.547   

INR ±SD 1.05±0.3 1.15±0.6 1.04±0.3 1.78 (1.14 to 2.78); 0.011   

IgM ±SD (mg/dL) 1.05±0.3 306±216 265±201 1.00 (1.00 to 1.00); 0.123   

AMA, % (n) 83.8 (898/1072) 72.8 (59/81) 84.7 (839/991) 0.49 (0.29 to 0.82); 0.006 0.41 (0.22 to 0.77); 0.006

Anti- Sp100, % (n) 21.6 (171/790) 11.9 (7/59) 22.4 (164/731) 0.47 (0.21 to 1.04); 0.058 0.47 (0.21 to 1.09); 0.078

Anti- Gp210, % (n) 13.2 (103/779) 11.9 (7/59) 13.3 (96/720) 0.88 (0.39 to 1.98); 0.749   

ANA, % (n) 13.2 (103/779) 59.5 (47/79) 62.3 (611/981) 0.89 (0.56 to 1.42); 0.623   

UDCA therapy, % (n) 97.7 (1124/1151) 96.5 (82/85) 97.7 (1042/1066) 0.63 (0.19 to 2.14); 0.454   

OCA therapy, % (n) 10.3 (119/1151) 12.9 (11/85) 10.1 (108/1066) 1.32 (0.68 to 2.56); 0.413   

Fibrate therapy, % (n) 14.8 (170/1151) 8.2 (7/85) 15.3 (163/1066) 0.50 (0.23 to 1.10); 0.078   

Cirrhosis, % (n) 18.3 (211/1151) 23.5 (20/85) 17.9 (191/1066) 1.41 (0.83 to 2.38); 0.198   

ALT, alanine aminotransferase; AMA, anti- mitochondrial autoantibodies; ANA, antinuclear antibodies; AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma glutamyl transferase; 
INR, internacional normalised ratio; OCA, obeticholic acid; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.

independently associated with COVID- 
19- related hospitalisation in SARS- CoV- 2- 
infected patients with PBC.

This nationwide study is the first to 
characterise the incidence and outcomes 
of SARS- CoV- 2 in patients with PBC. 
First, we observed that both cumulative 
incidences of hospitalisation and mortality 
were greater in patients with PBC than in 
the general Spanish population, although 
the lack of adjustment for other comor-
bidities could be a limitation. Second, we 
found some factors associated with lower 
rates of SARS- CoV- 2 infection, notably 
higher albumin levels and positive AMA 
antibodies. Third, ALP levels were inde-
pendently associated with severe SARS- 
CoV- 2 infection and requirement for 
hospital admission, beyond other known 
variables such as older age, male sex and 
arterial hypertension. Our study showed 
novel and relevant findings that could 
result in additional therapeutic decisions 
and preventive strategies in patients with 
PBC.
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Figure 1 Myrcludex B does not inhibit either 3H- TCA or Tauro- NOR- THCA- 24- DBD uptake 
radiolabelled TCA (A) or fluorescent Tauro- NOR- THCA- 24- DBD (B) uptake in LX2 cells with or 
without TGFβ activation with U2OS_HA- hNTCP cells as a positive control. DPM, desintegrations 
per minute;TGF, transforming growth factor.

Figure 2 Myrcludex B binds to the cell surface of NTCP- positive U2OS cells, but not LX2 cells. 
Bright field (top) and fluorescent (bottom) microscopy images showing strong plasma membrane 
binding of Myrcludex B- FITC in NTCP positive U2OS but not LX2 cells. The latter only shows 
non- specific intracellular signal. FITC, fluorescein isothiocyanate; NTCP, sodium+/taurocholate 
cotransporting polypeptide,
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Insufficient evidence for NTCP 
activity in stellate cells

We read with interest the study of Salhab 
postulating the sodium+/taurocholate 
cotransporting polypeptide (NTCP) as 
novel therapeutic target against liver 
fibrosis.1 The authors report func-
tional expression of the bile acid uptake 

transporter NTCP in primary human 
hepatic stellate and LX2 cells and 
suggest a role for NTCP- mediated bile 
salt uptake and consequent activation of 
stellate cells in the pathogenesis of liver 
fibrosis.

The authors used a commercially 
available antibody against human NTCP 
for immunofluorescent stainings and 
Western blots, fluorescence activated 
cell sorting (FACS) analysis and as a 
neutralising antibody in bile salt uptake 
experiments. Remarkably, despite high 
immunopositive signals, no cell surface 
signal was observed in the immunoflu-
orescent stainings. Using this antibody, 
the authors show complete inhibition 
of NTCP- mediated bile salt uptake in 
LX2 cells, whereas the epitope to which 
the antibody was raised is mostly intra-
cellular. In addition, the NTCP migra-
tion pattern shown on Western blot 
deviates from the characteristic diffuse 

NTCP migration pattern seen in hepa-
tocellular lysates as well as in NTCP- 
overexpressing cell lines.2 NTCP is a 
heavily glycosylated protein and we have 
previously shown that this glycosylation 
is essential for its plasma membrane traf-
ficking and activity.2

A highly interesting though puzzling 
observation is the beneficial effect of 
NTCP neutralisation on fibrosis develop-
ment in a CCL4 mouse model. The anti-
body used to neutralise mouse NTCP was 
raised in rabbits and targets a synthetic 
peptide corresponding to the intracellular 
C terminal region of mouse NTCP. There-
fore, it is unclear how this antibody could 
operate as a blocking antibody. The effects 
observed in the mouse model of fibrosis 
may be related to an acute inflammatory 
response elicited by the use of rabbit anti-
bodies in mice. No antibody control was 
used in this experiment. We and others 
have previously demonstrated that both 
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