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Chapter VI 

SUMMARY 

Background/Aims: The aetiology of primary sclerosing cholangitis (PSC) is 
unknown. It is generally believed to be a primary immune mediated disease. The role 
of micro-organisms has been studied only to a limited extent. We tested the 
hypothesis that past or persisting infection with common viruses or atypical bacteria 
might play a causal role in genetically susceptible hosts. 

Methods: Serological screening for antibodies against 22 viruses as well as 
Chlamydia spp. and Mycoplasma pneumoniae by complement fixation, ELISA, or 
immunofluorescence was carried out in 41 well-established PSC patients. Also, faecal 
cultures for adenoviruses and enteroviruses were performed. AU sera tested in 1997 
for these micro-organisms at our laboratory served as background reference group. 
Results: There was a markedly increased seroprevalence of Chlamydia-LPS 
antibodies compared to the 1997 reference group. All other micro-organisms tested 
showed normal antibody profiles that did not differ from the 1997 reference group. 
Conclusions: Our findings suggest an association between PSC and past or persisting 
infection with Chlamydia spp.. 

Key words: Primary sclerosing cholangitis; Pathogenesis; Aetiology; Serology; 

Infection 
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INTRODUCTION 

Primary sclerosing cholangitis (PSC) is a progressive cholestatic liver disease, 
characterised by chronic inflammation of the biliary tree. The resulting sclerosis 

leads to obliteration of parts of the intrahepatic radicles and to dominant strictures in 
the extrahepatic bile ducts. Terminal liver failure ensues eventually after a median of 
12 years after diagnosis, which necessitates liver transplantation (1-3). Around 10 % 
of PSC patients develop cholangiocarcinoma, which is usually beyond surgical cure 
by the time it is diagnosed. 

The aetiology of PSC is unknown. Most authors nowadays regard PSC as an immune 
dysbalance disease, given the close association of PSC with inflammatory bowel 
disease (IBD). 

In the past, this same relationship has led Boden et al. to believe that PSC was the 
result of portal bacteremia in ulcerative colitis (4). Subsequently these authors 
reported favourable effects of long term tetracycline therapy (5). Later on, their 
hypothesis was refuted for several reasons: Portal bacteremia could not be found in 
patients with ulcerative colitis during surgery (6); portal vein phlebitis, a feature 
typical of portal bacteremia was not found in PSC patients (7, 8); the beneficial effect 
of tetracycline could not be reproduced (9); and most importantly, bacteria were 
never found in the portal infiltrate surrounding the bile duct(ule)s, nor is the 
composition of the inflammatory peribiliary infiltrate suggestive of chronic pyemia, 
in that polymorphonuclear white blood cells are scarce. 

Alternatively, several viruses have been implicated as a cause of PSC. Reovirus type 
3 was found in neonatal biliary atresia, which histologically displays fibrous 
obliterative cholangitis (10). However, a subsequent attempt to detect this virus in 
PSC material was negative (11). Cytomegalovirus infection of the biliary tree in 
immunocompromised patients can give a cholangitis picture resembling the 
abnormalities encountered in PSC (12). However, Mehal et al. ruled out chronic 
cytomegalovirus infection in immunocompetent PSC patients (13). 
Thus, so far a microbiologic agent has never been substantiated in PSC. Yet the 
possibility of a pathophysiologic role for some viral or bacterial micro-organism has 
not been ruled out either. Extensive viral screening has never been done. Moreover, 
PSC is a chronic disease with an insidious onset and it may be that the inciting 
noxious event precedes the onset of overt disease by many years. It is also 
conceivable that this injury consists of an infectious agent, which in genetically 
susceptible individuals elicits auto-antibodies, which co-react with certain constituents 
of the bile duct epithelium. These auto-antibodies could result from a variety of 
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mechanisms including (1) incorporation of host antigens into viral structures or virus-
induced alteration of host antigens, (2) virus-induced alterations in immunoregulatory 
mechanisms, (3) cross reactivity (molecular mimicry), and (4) induction of anti
idiotype antibodies which stimulate host cell receptors (14). Note that the responsible 
micro-organism need no longer be present in these pathogenetic mechanisms (hit and 
run phenomenon). 

The aim of the present case-control study was to test the hypothesis that a previous or 
persisting infection with a relatively common virus or atypical bacterium is a risk 
factor for the development of PSC. For this purpose a serological profile for 
routinely tested viruses and atypical bacteria was performed in a cohort of PSC 
patients and compared with a reference population from our laboratory. In addition, 
faecal samples of these PSC patients were cultured for adenoviruses and 
enteroviruses. 

MATERIALS AND METHODS 

Patients 
Cases consisted of 41 consecutive PSC patients, whose diagnoses were established 
by ERCP (n=39), liver biopsy (n=2), or both (n=16). Cases were accrued from 
our GI outpatient clinic. Their median age was 46 years, range 21-76 years, 25 
(61 %) of them were male. The median duration of overt disease at the time of serum 
sampling was 4 years (range 0-17). Twenty-one patients had concurrent ulcerative 
colitis and 9 suffered from Crohn's disease. One patient used azathioprine and one 
patient was on low-dose prednisolone, both for control of colitis. 
Because for some of the micro-organisms tested no data are available regarding the 
prevalence in the general Dutch population, a background reference control group 
was constructed comprising more than 5000 sera from all patients, that were 
routinely analysed for the micro-organisms described below during 1997 in our 
laboratory of virology. 

Serologic testing 
Serological screening by complement fixation test (CFT), enzyme linked 
immunosorbent assay (ELISA), or immunofluorescence (IF), for antibody titers 

against a panel of viruses and atypical bacteria that are routinely tested in our 
laboratory were performed on all 41 PSC patients. These encompassed the following 

micro-organisms: 
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CFT: Chlamydia spp., Mycoplasma pneumoniae, adenovirus, respiratory syncytial 
virus, influenza A, influenza B, parainfluenza 1-3, Coxsackie B 1-6, 
cytomegalovirus, herpes simplex virus, varicella zoster virus, mumps, measles. All 
antigens and control antigens as well as complement were from Virion (Virion Ltd., 
Rüschlikon, Switzerland). Amboceptor was obtained from Behring Diagnostics, 
Marburg, Germany. A titer of 8 or more was regarded as positive. 
ELISA: Chlamydiae species (IgG, IgM,and IgA) (anti-LPS, Medac, Hamburg, 
Germany), mumps (IgG and IgM) (Virotech, Hamburg, Germany), measles (IgG 
and IgM) (Virotech), cytomegalovirus (IgG and IgM) (ImX, Abbott Laboratories, 
Wiesbaden, Germany), hepatitis A (total antibody) (ImX), hepatitis B (HBsAg) 

(ImX), hepatitis C (total antibody) (ImX). 
IF: Epstein Barr virus VCA IgG, IgM and anti EBNA (Gull, Laboratories, Salt 
Lake City, UT, USA). 
Cut-off values for the ELISAs and IF assays were used as indicated by the 
manufacturer. Five anti-LPS positive and five negative Chlamydia samples of the 
PSC group were tested for antibodies against Bartonella by an in-house ELISA at 
the National Institute of Public Health and the Environment, Bilthoven, The 
Netherlands, in order to check for false positivity due to Bartonella henseli or 

quintana infection. 
To check for aspecific elevation of immunoglobulin levels, quantitative 
measurements of IgG, IgM, and IgA were performed on all PSC sera using a Dade-
Behring nephelometer. 

Faecal cultures 
Faeces samples from all 41 PSC patients were cultured for presence of adenoviruses 
and enteroviruses, utilising tertiary monkey kidney cells, VERO cells, and diploid 
human embryonic fibroblasts. 

Statistical analysis 
To explore the possibility of increased seroprevalence of antibodies against one or 
more of the above mentioned micro-organisms, differences in proportion of positive 
sera between cases and controls were determined. Odds ratios were calculated with 
exact 95 % confidence intervals (95% CI) according to Mehta et al (15). Difference 
in age distribution between groups was assessed using Mann-Whitney U testing to 
allow comparison of data sets with non-normal distribution. For statistical 
calculations the SPSS 8.0 package was used (SPSS Inc., Chicago, IL, USA). 
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RESULTS 

Serological screening 

CFT: Three of the 41 PSC patients had sera that showed anti-complementary 
activity. In the remaining 38 patients occasional positive titers were encountered in 
all CFTs as would be expected in a random sample. The proportions of positive 
results did in none of the CFTs outmatch the outcomes in the 1997 background 
reference population (data not shown). The results of the 20 different CFT assays 
are shown in table 1. 

Table 1. 

Results of CFT assays in 38 assessable PSC patients 

Assay 
Distribution of titers 

<8 8 16 32 64 >128 

Chlamydia spp 35 2 1 

Mycoplasma pneumoniae 33 3 2 

Adenovirus 21 12 4 1 

Respiratory syncytial virus 22 12 4 

Influenza A 11 15 11 1 

Influenza B 22 10 6 

Parainfluenza 1 37 1 

Parainfluenza 2 36 2 

Parainfluenza 3 25 9 4 

Coxsackie 1 13 19 3 3 

Coxsackie 2 19 12 3 4 

Coxsackie 3 26 9 1 2 

Coxsackie 4 31 4 2 1 

Coxsackie 5 30 4 4 

Coxsackie 6 18 16 1 3 

Cytomegalovirus 22 2 7 3 3 1 

herpes simplex 16 5 9 7 1 

Varicella zoster virus 13 17 4 2 1 1 

Mumps 38 

Measles 10 10 8 6 2 2 
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IF: Epstein Barr IgG -and IgM- as well as anti EBNA titers displayed normal 
seropatterns. 
ELISA: IgG and IgM titers for mumps, measles and cytomegalovirus showed 
normal seroprevalence patterns. Hepatitis serology: There was an occasional 
positive test result for hepatitis A. All available sera proved negative for the hepatitis 
B and C assays. Table 2 lists the outcomes of the ELIS As, IF, and hepatitis serology 
in the PSC patients. 

Table 2. 

Listing of the number of positive outcomes of ELISAs and IF in the PSC group 

Infectious agent 
Available 

Sera 

IgG 

n (%) 
IgM 

n (%) 
IgA 

n (%) 

HBsAg 

n (%) 

Total AB 

n (%) 

Mumps 41 37 (90) 0 (0) 

Measles 41 40 (98) 0 (0) 

Cytomegalovirus 41 23 (56) 0 (0) 

Chlamydia anti-LPS 41 31 (76) 12 (29) 33 (80) 

Hepatitis A 33 12 (36) 

Hepatitis B 26 0 (0) 

Hepatitis C 34 0 (0) 

Epstein Barr VCA 

anti EBNA 

28 

28 

25 (89) 0 (0) 

22 (78) 

Among all antibody profiles explored in the PSC group, only the proportion of 
positive anti-LPS titers for Chlamydiae species was much higher than expected. 
Six hundred and seventy patients suspected of harbouring a respiratory or genital 
Chlamydia infection were screened with the anti-LPS test in 1997. The outcomes in 
the PSC-group were compared with the results in this reference group (REF) of 670 
patients. The two groups were no different in male/female ratio and age distribution, 
see table 3. The odds ratios for the presence of IgG-, IgM-, and IgA- antibodies for 
the PSC patients versus the reference group were 2.4 (95% CI: 1.1-5.4), 1.9 (95% 
CI: 0.9-4.0), and 6.7 (95% CI: 3.0-17.0), respectively, see figure 1. 
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Fig. 1. Proportion of patients positive for anti-LPS IgG-, IgM-, and IgA- antibodies in the 
PSC group (n=41) compared to all 1997 tested patients (n=670) suspected of having active 
Chlamydia spp. infection (REF). 
* = difference statistically significant 

Table 3. 

PSC- and Reference-cohort characteristics 

PSC REF 

N 

Median age (range) 

Male/Female (%) 

41 

46 (21-76) 

26/15 (63/27%) 

670 

36 (0-97) n.s. *) 

342/328 (51/49%) n.s. **) 

PSC = primary sclerosing cholangitis cohort 
REF = reference set of 1997 sera tested for Chlamydia 
*) = age not significantly different by Mann-Whitney U test for samples with non-
normal distribution. 
**) = gender distribution not significantly different by Chi-square test. 

Finally, quantitative measurements of total IgG-, IgM-, and IgA- levels in the PSC 
sera revealed mild to moderate elevations of the serum IgG-, IgA-, and IgM-
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concentrations in 44 %, 24 %, and 32 %, respectively. Only for the total serum IgM 

concentration this might constitute a confounder (p=0.052). 

Faecal cultures 
All 41 faeces cultures of the PSC-group were negative for adenoviruses and 

enteroviruses. 

DISCUSSION 

This is the first study to present an extensive serological survey of antibody profiles 
against a large number of infectious agents in PSC patients. The results show first of 
all that there is suggestive evidence of an association between PSC and 
seroprevalence of Chlamydia-specïRc anti-LPS antibodies. Compared with a 
reference group the odds ratios for a positive IgG- or IgA- anti-LPS titer were 
significantly elevated in the PSC cohort. It should be noted that the reference group 
was not a random sample from the population, but consisted of patients who were 
suspected of an active respiratory or genital Chlamydia infection. We chose this 
group as reference cohort, because there are no data available on the normal 
seroprevalence of the LPS-ELISA of Chlamydial infections in the general Dutch 
population. The seroprevalence in this reference group may be assumed to be higher 
than expected in the general population. Hence, the difference in outcome between 
the PSC cohort and a random population sample would probably be even more 
striking. 

Two observations argue against a non-specific confounding effect related to 
disturbed liver function in the PSC cohort: 1) Elevated total IgG-, IgM-, and IgA-
serum concentrations were found in only a minority of PSC cases. 2) The other 
ELISAs performed in the PSC patient group (measles, mumps and cytomegalovirus) 
did not reveal high proportions of positive titers. Moreover, the Medac test is 
supposed to be specific in recognising antibodies against a Chlamydia species-
specific epitope in the LPS molecule. Weak cross-reactivity was found only with 
laboratory recombinant mutants of enterobacteriaceae and occasionally with 
Bartonella quintana (16-19). Cross reactivity with the latter micro-organism was 
checked in five anti-LPS positive and five anti-LPS negative PSC sera. The results 
of the Bartonella IgG- and IgM- ELISAs were all but one negative in these 10 sera, 
so there was no correlation with the anti-LPS results. 
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Secondly, the negative results for the other ELIS As, especially with regard to the 
IgM assays, as well as the normal CFT profiles, both indicate that in PSC there is 
no persisting infection with either of the 22 common viruses tested, nor involvement 
of Mycoplasma pneumoniae. 

In conclusion, our findings suggest an association between PSC and previous or 
persisting infection with Chlamydia spp. Further research should focus on 
serological subtyping the involved Chlamydia, and on finding evidence of persisting 
presence of the micro-organism in or around the affected bile ducts. 
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