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Biliary infections are an important cause of morbidity in the Western world. With regard to
epidemiology, etiology, microbiological spectrum, prevalence, location and composition of
gallstones, pathogenesis, clinical sign and therapy, there are large differences between the
spectrum of biliary infections in the East and in the West (Table 1). In Western countries,
gallstones are found in 10 to 40%. In Eastern countries, the incidence of gallstones is only 2 to
6%. Some eighty—five percent of the gallstones in the West are cholesterol stones, in contrast to
the East, where 97% are bile pigment stones. The most important difference is characterized by
the origin of common bile duct stones. In the West, common bile duct stones generally originate
in the gallbladder, in contrast to the East, where primary common bile duct stones are often
found — especially in the intrahepatic segments — with no evidence of gallbladder stones. The sex
distribution male to female in the West is 1:2, in the East 1:1. In the West, biliary infections occur
mainly in an elderly population, 50% being older than 70 years. In the East, biliary infections
appear also in younger people, 50% being younger than 40 years. Parasites play an aetiological
role in the East, but not in the West. The typical therapy of gallstones in the West is
cholecystectomy, and of common bile duct stones endoscopic sphincterotomy. Due to the
frequency of intrahepatic stones in Eastern Countries, the therapeutic spectrum there includes

even large hepatic resections and biliary enteric anastomoses.
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INTRODUCTION

Operations on the biliary tree are more frequent than
any other major surgical intervention in the abdomen.
Under normal conditions human bile is sterile. Under
pathological conditions bacteria can invade the biliary
tract through directly ascending infection from the
duodenom or hematogenously from the hepatic portal
venous blood.

PREVALENCE, COMPOSITION AND ORIGIN
OF GALLSTONES

Epidemiological studies show a large difference of the
prevalence of gallstones in different racial groups
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(Table 2). In the West, there is a high incidence of
gallbladder stones, ranging from 10 to 40% (Table 2)
and showing large racial differences' ™. The highest
prevalences of gallstones are reported from Chile (35%),
Sweden (36%), from American Indians (30%) and from
whites in North America (24%). Certain American
Indian communities have some of the highest preva-
lence rates in the world which is due to the production
of supersaturated bile. Sampliner* found the overall
prevalence in Pima Indian females to be 48,6%. In
Europe, the prevalence is 15 to 20%!. Godfrey® corre-
lated autopsy and cholecystectomy data and observed
that the prevalence of gallstones in the adult English
populationis 17%. The sex distribution male to female
is approximately 1:2. About seventy-five percent of the
stones are cholesterol stones (6). In patients with cho-
lesterol stones, the bile is infected in 30-40% of
cases®”. Cholesterol stones are thought to originate in
the gallbladder®; they are probably of metabolic origin.
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In the East, the prevalence of gallstones is low,
ranging from 2 to 6%*. The sex ratio male to female is
approximately 1:1%, about 75% of the stones being bile
pigment stones. Bacteria are said to play a major role in
the formation of bile pigment stones®. In cases of bile
pigment stones, the bile is infected in 95-100%7. In the
Hong Kong Chinese population, 75% of the gallstones
are found in the common bile duct. In Japan, the
situation was found to be just between Europe and
China. Gallstones are found in Japan in about equal
frequency in gallbladder and bile duct®. The composi-
tion of gallstones in Japan is gradually changing from
once predominant bile pigment stones to cholesterol
stones, thus approaching that of the West. The percen-
tage of cholesterol stones in Japan increased from 34%
in 1938 to 85% in 19681, The decreasing prevalence of
bilirubin stones in Japan may be related to multiple

-factors including eradication of parasites and western-
ization of the diet!*-12,

In the West, common bile duct stones usually have
their origin in the gallbladder. Intrahepatic stones are
extremely rare in the United States and in Europe®!3.
In the Far Eastern countries, including China, Japan,
Taiwan'* and Hong Kong, cholangitis is often asso-
ciated with primary common bile duct stones, especial-
ly in the intrahepatic segments, with no evidence of
gallstones or gallbladder disease'®. Among patients
with gallstones in the FEast, the prevalence of in-
trahepatic stones ranges from 3 to 10%**-16:17 88% of
intrahepatic stones being bile pigment stones'!. Pa-
tients with intrahepatic cholelithiasis are young. Onset
of symptoms in over a third of patients occurs before 20
years of age. The sex distribution male to female is 1:1.
The Southeast Asian intrahepatic stones are multiple,
soft, muddy, pigmented, often adherent to the ductal
wall, and usually located in the primary and secondary
biliary radicals of the left liver lobe!4. Although the
cause of primary intrahepatic stones is unknown,
a congenital cystic dilatation of the common bile duct
associated with biliary strictures is often found. These
strictures usually occur in the hilum or in some parts of
the intrahepatic biliary tract, the stones being impacted
in the bile duct proximal to the stricture. These stric-
tures seem to be a congenital dysplasia of the biliary
ductal system®®. For treatment of these mostly young
patients, a radical operation with hepatic resection
including lateral segmentectomy, left hepatic lobec-
tomy, or anterior segmentectomy, and biliodigestive
anastomosis is often necessary'’. The increased preva-
lence of intrahepatic stones in Japanese patients com-
pared with the West is due to the increased prevalence
of bilirubin stones. The cause of formation of these
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stones remains unknown, but they are thought to be
related to stasis and infection. The confirmed presence
of bile pigment stones in Japan, despite virtual eradica-
tion of parasites after 1965 and the continued urban—
rural differences in the frequency of intrahepatic stones,
suggest that one factor could be the rural diet, low in
saturated fat and protein'?, which causes cholecys-
tokinin release and sphincter of Oddi relaxation. The
high prevalence of intrahepatic stones in Brazil'8, a ru-
ral country genetically unrelated to Japan, supports
this theory. This rural low—protein diet may increase
the quantity of unconjugated bilirubin by decreasing
glucuronolactone, a major inhibitor of bacterial S-
glucuronidase!®.

CLINICAL SPECTRUM, PATHOGENESIS
AND INCIDENCE OF BILIARY INFECTIONS

Cholecystitis

The most common form of acute cholecystitis is acute
obstructive (calculous) cholecystitis. It accounts for 90-
95% of cases. It results from cystic duct obstruction by
a stone. The gallbladder becomes acutely inflamed
with transmural oedema. The current consensus is that
the initial inflammation is chemically induced and not
of bacterial origin. The currently held hypothesis is
that mucosal trauma releases phospholipase which
converts the lecithin in the gallbladder bile to ly-
solecithin, a mucosal toxin.

The acute acalculous cholecystitis accounts for up to
8% of acute cholecystitis?*® and was observed to in-
crease in frequency in the last 30 years?*. It develops on
a background of prolonged illness, e.g. multiple
trauma, severe sepsis or major surgery>2. The aetiology
remains unknown. The presumed pathophysiology in-
volves gallbladder distension, bile stasis together with
a mucosal injury and vascular occlusion, leading to
acute inflammation of the gallbladder.

The most important cause of chronic cholecystitis
are gallstones. Some sixty—five to seventy percent of
patients with symptomatic gallstones develop chronic
cholecystitis?3.

Cholangitis

The essential elements in the development of cholangi-
tis are bile stasis, foreign bodies (i.e. stones) and bacter-
ial colonization.

Bacterial colonization of the common bile duct can
result from duodenal reflux or from portal bacteraemia.
Partial or total obstruction leads to bile stasis, setting



SPECTRUM OF BILIARY INFECTIONS 217

the stage for bacterial proliferation, inflammatory res-
ponse of the bile duct and cholangitis. We have to dis-
tinguish 5 different types of chlogangitis. The ascend-
ing or nonsuppurative cholangitis is caused by a partial
obstruction of the biliary tree. It is the most common
type of this disease today. Suppuration does not occur,
because the infected contents are not under pressure.

In contrast, suppurative obstructive cholangitis,
which accounts for 10-15% of cases, is associated with
total or near-total obstruction of the biliary system. In
this setting, inflammatory cells and bacteria accumu-
late rapidly within the bile duct and, because of the
pressure, bacterial hepatitis, sepsis, multiple organ fail-
ure and ultimately death will occour if the bile duct is
not decompressed. In Western countries, half of the
patients with cholangitis are older than 70 and it is
unusual under 5024,

The most common aetiological factors of cholangitis
in the Western countries (Table 1) are stones formed in
the gallbladder (80% of cases), bile duct obstruction

due to benign or malignant stricture and biliary tract
operations with biliary enteric anastomoses, i.e.
choledochoduodenostomy, choledochojejunostomy
or sphinteroplasty?>. Cholangitis can also appear after
biliary instrumentation, such as ERCP?% T-tube
cholangiography?” and transhepatic cholangiography.

The Oriental cholangiohepatitis (recurrent pyogenic
cholangitis) is an endemic disease in Southeast
Asia?®723, It is common among the younger Asian
population and is characterized by recurrent attacks of
abdominal pain, fever and jaundice. Pathologically,
the intra- and extrahepatic ducts are dilated and con-
tain soft, pigmented stones and pus. Localized in-
trahepatic segmental ductal stenosis may be present,
especially in the lateral segment of the left lobe or
posterior segment of the right hepatic lobe. The cause
of the disease is not known. Some authors suggest
a primary infection of the intrahepatic bile ducts with
bacteria from the intestine4, others think of dietary
factors like low-protein diet3?.

Table1 Spectrum of biliary infections:Essential differences between West and East (1,6-9,12—15,24-

26,28,30,33-41,43,70)

WEST EAST
Incidence of GB stones 10-40% 2-6%
Incidence of GB stones 99-100% 20—-40%
among patients with gallstones
Incidence of intrahepatic stones <1% 3-10%
among patients with gallstones
Origin of CBD stones 2% primary stones, >80% primary
98% secondary CBD stones
stones originating in
the GB
Composition of gallstones: 85% 3%
percentage of cholesterol stones
Composition of gallstones: 15% 97%
percentage of bile pigment stones
Age of patients with biliary infections elderly population younger population

50% > 70 years
male:female = 1:2

GB stones (80%),
bile duct obstruction,
endoscopic
sphincterotomy,
biliary enteric
anastomosis

Sex distribution

Aetiological factors of
biliary infections

Microbiological spectrum aerobes common
(87-94%),

anaerobes uncommon
(6—30%)
cholecystectomy,
endoscopic
sphincterotomy

Typical therapy

50% < 40 years
male:female =1:1

parasites like
clonorchiasis sinensis,
ascariasis,

opisthorchis viverrini
in 40% of patients

with recurrent pyogenic
cholangitis

anaerobes more
frequent

sometimes hepatic
resection, biliary
enteric anastomosis

GB = gallbladder; CBD = common bile duct.
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Table 2 Distribution of gallstones in the West and in the East (1-5)

Continent Country Author male (%) female (%) total (%)
Europe Sweden Lindstrém 26.5 46.8 36.2
Norway Torvik 13.5 28.6 20.1
Germany Rodewald 89 29.8 15.8
GB Bouchier 9.5 19.2 15.5
America North Newman 16 325 243
America (whites)
Panama (whites) Hall 109 22.2 16.6
Panama (negroes) Hall 6.4 10.8 8.6
American Indians Reichenbach 16.6 40 29.9
Chile Marinovic 20.5 50 352
Africa Zaire Trowell 0.7
South Africa (whites) Becker 10 19.5 14.7
South Africa (Bantus) Becker 1 3.8 24
Australia Joske 11.3 20.3 149
Asia Japan Maki 44
Singapore Hwang 6.4 79 6.6
Korea Hur 45
Thailand Stitnimankarn 1.8 39 29

Association with parasites like clonorchiasis sinen-
sis, ascariasis or opisthorchis viverrini has also been
suggested, however 333536, Stool examination for
parasites revealed clonorchis sinensis in 11 to 38% of
patients with recurrent pyogenic cholangitis?8:37-38,
Oriental cholangiohepatitis is associated with primary
common bile duct stones which are usually pigmented
bilirubinate stones. Typically, they are located in the
intrahepatic segments, with no evidence of gallstones
or gallbladder disease3*3°. Pathologically, the intra-
and extrahepatic ducts are dilated and contain soft,
pigmented stones and pus. Localized intrahepatic seg-
mental ductal stenosis may be present, especially in the
lateral segment of the left lobe or posterior segment of
the right hepatic lobe.

Biliary strictures can be found in 35% of cases.
Gallbladder stones are relatively uncommon (20-40%)
in comparison with Western—type biliary disease38-40-41,

Only sporadic cases of recurrent pyogenic cholangi-
tis have been reported in Europe*? and South Africa*.
But with increasing migration of people from Eastern
to Western countries, its incidence, especially in the
United States and Canada, is rising®!32-34, In contrast
to gallstone disease in Western countries, recurrent
pyogenic cholangitis affects a younger age group, 50%
being younger than 4028, and the sex ratio male to
female being 1:1 (Table 1).

Cryptogenic cholangitis is a microscopic form of the
disease that affects the intrahepatic portion of the
biliary system*®, We do not know its cause, but it has

been related to and found in systematic diseases, in-
cluding the toxic shock syndrome*®,

Primary sclerosing cholangitis is a progressive cho-
lestatic disorder characterized by a fibrosing inflam-
matory process which affects the intra- and/or extrahe-
patic ducts. Approximately seventy percent of patients
with sclerosing cholangitis are men and 70% of pa-
tients are younger than 45 years*”. The actiology has
not yet been defined. Infection and immunological
factors have been discussed. Patients with sclerosing
cholangitis have a high incidence of ulcerative colitis
ranging between 25 and 74%484°, Warren®° reported
that E. coli has grown in many of his patients. He
pointed to the association with ulcerative colitis in
which the mucosal barrier is interrupted, facilitating
the entrance of bacteria into the portal circulation and
the evolution of an inflammatory sklerosing process
in the ducts. Chapman®! observed a 60% incidence in
the frequency of HLA-BS in patients with sclerosing
cholangitis, compared with 25% incidence in controls.
These results suggest an immune aetiology of scleros-
ing cholangitis.

BACTERIOLOGICAL SPECTRUM

Incidence of bacteria in the biliary tract

The bile in persons without any biliary tract disease is
sterile3?75%, The incidence of positive bile cultures in
patients with gallbladder stones (Table 3) varies in
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Table 3a Bacteriology of the bile: number of positive cultures (7,12, 52-61,63-65)

Patients Bile from GB/CBD Number of positive cultures
Normal GB, no stones GB 0%
Stones in the GB GB 8-30%
Stones in the CBD CBD 51-88%
Cholesterol stones CBD 33%
Bile pigment stones CBD 100%
Patients after EST CBD 70-75%
Biliary enteric anastomosis CBD 70-90%
Malignant bile duct CBD 10-30%
obstruction

Acute cholecystitis GB 80%

GB = gallbladder; CBD = common bile duct; EST = endoscopic sphincterotomy.

Table 3b Bacteriology of the bile:frequency and type of bacteria

Aerobic gram positive
gram negative
Anaerobic gram positive

gram negative

Streptococci 11-46%
E. coli 17-52%
Klebsiella 3-21%
Enterobacter 3-9%
Pseudomonas 2-15%
Proteus 2~-8%
Clostridia 6-13%
anaerobic Cocci 3-8%
Bacteroides 3-8%

different reports between 8 and 30%527%°, Examin-
ation of gallbladder wall in patients with gallbladder
stones revealed an incidence of positive cultures be-
tween 25 and 50%°351-62 In patients with choledo-
cholithiasis, the incidence of infected bile is significant-
ly higher, ranging from 51 to 88%!2:53:54.:56,61,63~65
Bacteria are more common in bile if the patient is
jaundiced, and particularly if biliary obstruction is
due to stones or a bile duct stricture. In acute chole-
cystitis, positive cultures were observed in 60 to 80%
of cases®®°83° In patients with benign bile duct
strictures and in patients with a previous biliary enteric
anastomosis, the incidence of bacterial proliferation
in the biliary tract varies between 70 and 90%°35-37,
In patients with malignant obstruction the number
of bacteria in the bile is significantly lower, ranging
from 0 to 30%53%62%3% After endoscopic sphin-
cterotomy, infected bile was found in about 70% of
patients®®57 If the lumen of the gallbladder is infected,
the bile duct is always colonized by the same bacteria.
In patients with bacteria in the gallbladder bile organ-
isms can be isolated from 80% of liver biopsies, from
80% of duodenal aspirates, from the wall of the gall-
bladder in 88%, and from the cystic lymph node in
60% of cases®S. Conversely, if the gallbladder bile
is sterile, all the other sites tested are sterile as well,

except the duodenum (52% infected) and the galiblad-
der wall (30% infected).

Spectrum of bacteria in infected bile

The bacteria counts in infected bile vary up to approxi-
mately 10° organisms per ml. Patients with complete
extrahepatic biliary obstruction occasionally show ex-
tremely low bacteria counts (< 10? organisms/ml). The
predominant organisms in infected bile are aerobic
bacteria (70-90%), particularly Escherichia coli (26—
52%), Klebsiella species (15-21%) and Streptococcus
faecalis (13-46%), which belong to the intestinal
microflora®3:36:38:59:63 Anaerobes can be seen only in
about 10 to 30%, particularly Bacteroides species and
Clostridium species. Bacteroides fragilis is commonly
recovered after a previous biliary-enteric anastomosis,
particularly in the presence of a recurrent stricture®®.
The predominant species after endoscopic sphin-
cterotomy are of gastrointestinal origin:E. Coli, En-
terococcus, Proteus, Klebsiella®%%® and Pseudo-
monas®’. In the bile of patients with recurrent Oriental
cholangiohepatitis anaerobes are more common.

Bile is usually colonized by more than one organism
in 62%. In patients with positive bile culture Keigh-
ley®® isolated a single bacterial species in only 38%.
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Two species were identified in 29%, three species in
20% and four species occurred together in 12%.

SOURCE OF BACTERIA

The entry of bacteria into the bile remains controversial.
It appears that bacteria may pass from the gastrointes-
tinalinto the biliary tract either by an ascending route or
by the hematogenous route via the portal blood.

The most probable route of infection is the directly
ascending spread from the duodenum into the com-
mon bile duct and the galibladder®3:7°:71, Positive bile
cultures are most commonly found in patients with
ductal stones or carcinoma of the ampulla, which
produce intermittent obstruction of the bile flow. An-
other increasingly common mechanism for bacterial
ascent results from disruption of the sphincter of Oddi
following endoscopic sphincterotomy®®71"74, The
third mechanism for bacterial reflux results from bili-
ary tract operations with biliary enteric anastomosis.

The other potential route of bacterial invasion into
the biliary tract is via the portal venous blood”>:78,
Blood throughout the human portal venous system
without any gastrointestinal infection is normally free
from bacteria’’. In typhoid carriers, Salmonella typhi
harbored in the gallbladder enter the biliary tract as
a consequence of portovenous bacteraemia. In a study
of portal blood cultures Schatten’® obtained positive
cultures in 32% of patients undergoing upper abdomi-
nal surgery. Experimental infusion of bacteria into the
portal circulation results in these bacteria appearing in
bile”. These findings suggest that there is also a peri-
odic delivery of bacteria from the intestine into the
portal circulation. These enteric organisms are either
routinely filtered by the liver or excreted in the bile. If
common bile duct is obstructed, infection can ensue.

PHYSIOLOGICAL DEFENSE MECHANISMS
PREVENTING BILIARY INFECTION

To guard against bacterial invasion from duodenal
reflux and from portal venous bacteraemia, there exist
several mechanical, physical, chemical and immuno-
logical defense mechanisms.

Mechanical barriers

The sphincter of Oddi, which separates the colonized
duodenum from the uncolonized biliary tract acts as
a mechanical barrier to microbial colonization’!.
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Tight junctions between hepatocytes seal the bile
canaliculus from the sinusoidal blood. The integrity of
the tight junctions between hepatocytes is important in
preventing the entry of bacteria from the sinusoidal
blood into the biliary tract.

Physical mechanisms

Throughout the day an average of 800-1000 ml of
bile flushes the bile duct. The physical movement
of bile hinders bacteria from colonizing the biliary
tract. In biliary obstruction, bile flow and bile salt
secretion decline’®. The reduction of the flushing
effects of bile might predispose patients to biliary
infection.

Chemical factors

Bile salts have an inhibitory effect on the proliferation
of enteric micro-organisms and thus might help to
prevent biliary tract infections. Both conjugated and
unconjugated bile salts, at physjological concentra-
tions, have been shown to inhibit E. coli, Klebsiella
species and Enterococcus species in vitro®°,

Immunological defense

Kupffer cells play a complex role in the defense against
biliary infection®!. They are strategically located inside
the liver sinusoids to filter endotoxins and bacteria that
come in through the portal circulation by phagocyto-
sis.

The predominant immmunoglobulin in bile is IgA.
Secretory IgA can bind and thus prevent bacteria from
attaching to and penetrating intestinal epithelial
cells®. In patients suffering from cholestasis due to
biliary obstruction, the excretion of IgA through the
liver is impaired. The antibacterial adherence effect of
secretory IgA might play an important role in avoiding
microbial colonization of the biliary tract.

SUMMARY

In this article, the literature is reviewed to show the
spectrum of biliary infections in the West and in the
East. With regard to epidemiology, etiology, preva-
lence, location, composition and origin of gallstones,
microbiological spectrum, pathogenesis, clinical signs
and therapy, large differences in the spectrum of biliary
infections in the East and in the West can be seen. In the
West, there is a high incidence of gallbladder stones,
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ranging from 10 to 40%. In the East, gallstones were
found in only 2 to 6%. Among patients with gallstones,
intrahepatic stones were found in 3 to 10% in the East,
but in less than 1% in the West. In the West, common
bile duct stones generally originate in the gallbladder,
in contrast to the East, where more than 80% of
common bile duct stones are primary common bile
duct stones. Some eighty-five percent of stones in the
West are cholesterol stones. In Eastern countries, 97%
of stones are bile pigment stones. In the West, the most
common therapy of gallstones is cholecystectomy, and
in case of common bile duct stones endoscopic sphin-
cterotomy. Due to the frequency of intrahepatic stones
in Eastern countries, the therapeutic spectrum there
includes even large hepatic resections and biliary en-
teric anastomoses.
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