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Abstract
The clinical outcome of patients receiving liver trans­
plantation could be significantly affected by biliary 
complications, including strictures, leaks, stones and
bilomas; early diagnosis and treatment of these con­
ditions lead to markedly reduction in morbidity and 
mortality. Therapeutic gold standard is represented 
by conservative approaches, both endoscopic and 
percutaneous, based on the type of biliary reconstruction, 
the local availability of the procedures and specific 
expertise. In patients with previous transplantation, 
the difficult biliary access and the possible presence of 
concomitant complications (mainly strictures) further 
restrict the efficacy of the endoscopic and percutaneous 
treatments; on the other hand, surgery should generally 
be avoided because of the even increased morbidity and 
mortality due to technical and clinical issues. Here we 
review the most common biliary complications occurring 
after liver transplantation and discuss available treatment 
options including future perspectives such as endoscopic 
ultrasound-guided biliary access in patients with Roux-
en-Y choledocho-jejunostomy or extracorporeal shock 
wave lithotripsy for difficult stones.

Key words: Endoscopic ultrasonography; Endoscopic 
ultrasound; Percutaneous trans-hepatic drainage; Endo­
scopic retrograde cholangiopancreatography; Biliary 
drainage

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The clinical outcome of patients receiving 
liver transplantation could be significantly affected by 
biliary complications, including strictures, leaks, stones 
and bilomas; early diagnosis and treatment of these 
conditions allow to markedly reduction in morbidity 
and mortality. With the continuous increase of endo­
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Role of endoscopy in the conservative management 
of biliary complications after deceased donor liver 
transplantation



scopic knowledge and expertise, the interventional 
management of these conditions is constantly evolving 
toward a conservative approach. In this manuscript are 
summarized current evidences regarding conservative 
approaches to biliary complication, with an overview on 
future management and research areas.
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INTRODUCTION
Orthotopic liver transplantation (LT) has become the 
standard treatment for end-stage liver disease and 
hepatocellular carcinoma[1]. Despite continuous surgical 
improvement, biliary complications are still considered 
one of the most common issue after transplantation: 
10%-40% of cases report duct stricture (anastomotic 
and non-anastomotic), leaks, stones-sludge or cast, 
sphincter of oddi dysfunction (SOD), biloma, hemobilia, 
ductopenia (due to chronic ischemia or rejection), 
cholestatic recurrency of the underlying liver disease 
and, finally, biliary cast syndrome[2].

The type of biliary reconstruction, ischemia and 
reperfusion injury, hepatic artery thrombosis, cyto
megalovirus infection and primary sclerosing cholangitis 
are the principal risk factors for the development of post-
LT biliary morbidity[3,4]. 

In this difficult setting, conservative approaches 
are usually preferred: Endoscopic treatments include 
sphincterotomy, plastic or metallic stenting or multi
stenting, balloon dilation, stone clearance using various 
devices (i.e., balloon catheter, Dormia basket), placement 
of naso-biliary tube; placement of external or internal-
external drainage, stenting and balloon dilation are the 
most common percutaneous treatment options. Finally, 
surgery is usually avoided and confined after failure of 
conventional approaches[5,6]. 

The occurrence of biliary complications after LT 
could lead to recurrent hospitalizations and, even, to 
graft failure; the early detection and management of 
those conditions could reduce the increased costs with a 
significant improvement in post-transplant quality of life 
and survival[7,8].

The clinical presentation could be ambiguous, 
ranging from severe acute manifestations (cholangitis) 
to asymptomatic liver function tests (LFT) abnormalities. 
Presence of biliary complication should be suspected 
in every case with unexpected increase in LFT (AST, 
ALT, gamma-GT, ALP or bilirubin); patients could also 
report non-specific symptoms, such as fever, fatigue, 
abdominal pain (right-upper quadrant) or fever. No 
validated diagnostic algorithm have been proposed for 
the investigation of suspected biliary complications, 
however it is widely accepted to perform trans-abdo

minal ultrasound (t-US) with Doppler study as first-
line test, for the exclusion of hepatic artery stenosis-
obstruction and evaluation of biliary tree. In the case 
of suspected vascular complication, a computed 
tomography-scan with vascular reconstruction and a 
therapeutic hepatic angiography have to be performed. 
On the other hand, the patient should undergo liver 
biopsy to exclude rejection or hepatitis C recurrence. 

After exclusion of both vascular and parenchymal 
conditions that could justify the manifestation, magnetic 
resonance cholangio-pancreatography (MRCP) or even 
a cholangiogram through a T-tube are considered the 
diagnostic standard for biliary tract complications[9]. 
Invasive approaches, such as endoscopic retrograde 
cholangiography (ERC) or percutaneous trans-hepatic 
cholangiography (PTC) should be considered treatment 
options rather than diagnostic tools. Overall, first-line 
treatment approach have to be decided based on local 
expertise and residual biliary tree anatomy: Endoscopy 
(ERC) should be preferred in the case of duct-to-duct 
biliary reconstruction while percutaneous treatment 
(PTC) should be reserved to patients with Roux-en-Y 
choledoco-jejunostomy or after failure of endoscopic 
attempts. Surgery has to be considered a rescue therapy, 
after failure of all other treatment options. The incidence 
and principal risk factors for biliary complications are 
summarized in Table 1. 

Biliary stricture
The development of stricture is the most common biliary 
complication after LT. Early strictures are mainly related 
to technical issues and observed more frequent in the 
case of living donor LT (2.5 folds) than deceased donor 
LT[10]. Late strictures, occurring usually 6-9 mo after 
LT, are secondary to ischemia, vascular insufficiency, 
immune injuries or other complications (i.e., leak or 
cholangitis). Biliary strictures could be classified upon 
their anatomic localization into anastomotic strictures 
(AS) and non-AS (NAS).

Anastomotic strictures: AS are single, short and 
circumferential; AS occur usually within 1 year after 
LT and are more commonly observed in patients who 
underwent Roux-en-Y choledocho- or hepatico-jejuno
stomy rather than duct-to-duct reconstruction. Thus, 
the direct anastomosis between biliary tree and the 
intestinal limb expose the biliary system to the intestinal 
microbiota. Bile leak is (after removal of T-tube) repre
sents another independent risk factor for the develop
ment of AS. 

Clinical manifestations range from asymptomatic 
liver function test abnormalities to jaundice, pain or 
fever (in the case of cholangitis). Intrahepatic bile duct 
dilation could be observed on t-US, however in post-
transplant setting, it is not uncommon to find a clinically 
significant biliary stricture without upstream dilation, due 
to increased periductal fibrosis. Liver biopsy could show 
the presence of bile duct proliferation and bilirubin depo
sition. MRCP or direct cholangiography (through T-tube) 
represent the gold standard for the diagnosis of AS.
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In patients with duct-to-duct reconstruction, ERC 
represents the first-line treatment approach for biliary 
stricture, leading to successful resolution of AS in up-to 
70% of patients[11-13]. After deep biliary cannulation and 
biliary sphincterotomy, endoscopic balloon-dilatation is 
able to reduce AS in a significant amount of cases; how
ever, balloon-dilation alone is burdened by a significant 
rate of stricture recurrence (up to 60%); therefore, 
stricture dilation alone is not a reliable treatment. In 
the last 15 years, increasing evidences suggest that 
balloon dilation followed-up by biliary stenting appears 
to provide a more durable effect: Placing one or more 
10 French plastic prosthesis reduced stricture recurrence 
to about 30% of cases. Stent patency ranges from 2 to 
4 mo, due to presence of casts, debris and clots; it is 
indicated to exchange plastic stents every 3 mo for the 
first 9-12 mo, placing larger ones or multiple stents, until 
the resolution of the stenosis. We suggest evaluating the 
presence of residual stricture assessing the resistance 
to the transit of inflated balloon catheter through the 
anastomosis[14-18]. A recent systematic review reported 
a 80%-95% of stricture resolution after endoscopic 
placement of fully covered self-expanding metal stents 
(SEMS); however a study reporting the use of SEMS 
in patients with post-LT AS reported a significant rate 
of complications (up to 38%, mostly cholangitis) with 
worse clinical outcome (68% of stricture resolution)[19,20]. 

In patients with Roux-en-Y choledocho-jejunostomy 
the altered anatomy of the upper gastrointestinal tract 
the endoscopic access to the biliary tree is usually 
unfeasible. Some authors reported successful ERC using 
scope designed for the exploration of small bowel (single 
or double-balloon enteroscopy)[21]; however, in these 
patients, percutaneous approach with stricture dilation 
and stenting is usually performed[22,23]. 

Recent technical advances suggest that endoscopic 
ultrasound (EUS)-guided approach (i.e., trans-gastric 
intrahepatic access) with antegrade treatments could be 
useful in this difficult-to-treat population[24]. 

In the case of failure of endoscopic approach (failure 
to traverse the stricture with a guidewire, refractory 
stricture or residual AS despite several ERC) surgical re-
intervention could be considered: Resection and duct-
to-duct re-anastomosing or conversion to Roux-en-Y 
hepatico-jejunostomy usually lead to AS resolution, 
eliminating the need of multiple intervention requiring 
hospitalization. Surgery is widely considered a second-line 
treatment (after failure of endoscopic or percutaneous 
interventions); however, in selected cases such as late 
tight stricture, bilioenteric anastomosis is the first-line 
approach in order to reduce futile intervention and to 
delay curative option[25]. 

NAS: Post-LT strictures could be localized at any level of 
the biliary tree. Early (within the first 12 mo) NAS have 
been related to chronic ischemic injuries and are more 
usually detected in the common bile duct, common 
hepatic duct or bifurcation; on the other hand, late-onset 
(> 12 mo) NAS are related to immunological factors and 
have been detected in a diffuse pattern affecting the 
intrahepatic small bile ducts. Overall incidence of NAS 
ranges from 1% to 10%[13]. 

Cholangiographic features are similar to those 
observed in patients with primary sclerosing cholangitis. 
The diffuse presence of multiple strictures is responsible 
for development of sludge deposition, casts and even 
acute recurrent cholangitis. Presence of NAS is asso
ciated to poor prognosis and reduced graft survival.

The goals of NAS treatments are the same of AS 
ones; biliary drainage and stricture dilation have to 
be reach through all the available non-surgical approa
ches (endoscopic, percutaneous, even combined). The 
presence of concomitant multiple strictures and the 
difficult localization (small intrahepatic ducts) account 
for the reduced treatment outcomes. Endoscopic 
sphincterotomy, balloon-dilation (4-6 mm, smaller than 
AS) and stenting (10-11.5 Fr, replaced every 3 mo) are 
similar approaches; patients with NAS usually require 
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Table 1  A detailed clinical presentation and suggested therapeutic approaches for each condition

Biliary complication Incidence Risk factors

Stricture
   Anastomotic    4%-12% Ischemia, surgical complications, duct-to-duct anastomosis
   Non-anastomotic    1%-10% Hepatic artery thrombosis, cold ischemia time, immune conditions (AB0 mismatch), recurrence of 

underlying PSC, cytotoxic injuries (hydrophobic bile acids)
Leak or fistula    2%-25% Surgical issues, T-tube removal
Obstruction (stone, cast, sludge, clots)    1%-6% Stricture, kinking, infections
Cholangitis  10% Concomitant biliary complications (stricture, obstruction) or maneuvers (ERC, PTC)
Sphincter of Oddi dysfunction    2%-7% Efferent denervation of papillary region
Hemobilia 1 Endoscopic or percutaneous biliary maneuvers, liver biopsy 
Compression
   Cystic duct mucocele Rare Mucus-producing cells in cystic duct remnant
   Periductal Neurinoma Rare Unknown
   Periductal lymphoma Rare Unknown (immunesuppresive therapy?)
Kinking 1.6% Redundant donor or recipient CBD remnant
Biliary cast syndrome Hilar stricture, untreated obstruction
Ductopenia (vanishing bile-duct syndrome) Rare Drugs (antibiotics, chemotherapy), chronic rejection, ischemia, untreated stricture

1Only case reports are available in literature. PSC: Primary sclerosing cholangitis; CBD: Common bile duct; ERC: Endoscopic retrograde cholangiography; 
PTC: Percutaneous trans-hepatic cholangiography.
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transplant CBD stones. 
Endoscopic removal of CBD stone is the first-line 

treatment option. Stone number, size and shape, 
presence of impacted stones, concomitant biliary tree 
anatomy and presence of distal narrowing are the most 
common causes of ERCP failure. Moreover, in patients 
with previous LT, the difficult biliary access and the 
possible presence of concomitant biliary complications 
(mainly strictures) further restrict the efficacy of the 
interventions[32]. 

In patients with duct-to-duct anastomosis, the under
lying presence of concomitant complications (stricture, 
kinking, etc.) should be treated accordingly. In patients 
with Roux-en-Y bilioenteric anastomosis, a first approach 
with an enteroscope, when available, should be 
attempted; in the case of failure, percutaneous approach 
is indicated. We also suggest, as future field of research, 
the comparison between PTC and EUS-guided biliary 
access, drainage and stone clearance. 

In the case of difficult CBD stones (i.e., large stones, 
triangular-shaped, or discrepancy between stone size 
and narrowed CBD diameter) we reported the safety 
and efficacy of ESWL. Among six patients with difficult 
choledocholithiasis, after failure of either endoscopic 
or percutaneous approaches, ESWL led to complete 
resolution of biliary complications in 5 patients (> 80%) 
with no procedure-related adverse events. One patients 
underwent surgical hepatico-jejunostomy because of 
tight anastomotic stricture, despite multiple endoscopic 
balloon-dilation and multi-stenting[32].

SOD
Papillary obstruction could be found in 2%-7% of LT 
patients[33]. Efferent denervation CBD remnant and 
ampulla but also chronic injuries with fibrotic stricture 
lead to hypertonic sphincter function or to obstruction. 
The insidious manifestation (usually characterized by 
elevated enzymes with or without biliary tree dilation) 
could justify a delayed diagnosis. Endoscopic sphinc
terotomy is usually effective with long-term clinical 
resolution. Temporary biliary stenting could be considered 
in the case of presence of fibrotic tissue and scarring[34]. 

Bile duct kinking
Redundant bile duct is defined as a reconstructed CBD 
(duct-to-duct anastomosis) longer than the recipient 
CBD creating a kinking (sigmoid-shaped loop) that, in 
the absence of other complications (i.e., stricture), leads 
to cholestasis due to reduced bile outflow[35].

A single experience evaluated specifically the 
incidence of redundant CBD; the authors reported an 
incidence of 1.6%. Clinical presentation is characterized 
by asymptomatic cholestasis; but in our experience, 
presence of redundant bile duct could lead to develop
ment of CBD stones and even acute cholangitis[32].

Endoscopic stenting (long single plastic stent) lead 
to clinical resolution in up to 80% of patients; in the 
remaining, surgical Roux-en-Y hepatico-jejunostomy 
leads to resolution of clinical cholestasis. Also in this 
setting, the first-line endoscopic approach could lead to 

more ERC interventions but only 50% of them achieve 
long-term successful clinical results[26]. 

Patients with extrahepatic NAS with good graft 
residual function could undergo surgical resection con
struction of a Roux-en-Y hepatico-jejunostomy. In the 
case of failure, up to 50% of the patients with NAS, 
require retransplantation[27]. 

Leak
Bile leakage could be observed in the early post-LT 
(within 3 mo) from the anastomosis, the cystic duct 
stump, from the insertion of the T-tube or, in the case 
of living donor LT or split-LT, from the cutting surface of 
the liver graft. Overall estimated incidence was 8.2%[26]. 

The mainstay of treatment of a bile leak is the 
reduction and decompression of biliary tree; in the case 
of refractory leakage, biliary drainage could be necessary 
to healing process. In the case of early occurrence, if the 
T-tube was already in situ, bile leak could be managed 
conservatively by leaving the T-tube open without 
further intervention. In the case of small leak, ERC 
with sphincterotomy is able to resolve the leakage. In 
the case of persistence of endoscopic sphincterotomy, 
placement of biliary plastic stent is able to resolve 
90%-95% of early bile leaks. Usually, the biliary stent 
was placed with 2 mo and then removed (shorter 
period could not be adequate for healing process due to 
immunosuppressive therapy and could be justified only 
in the case of suspected obstruction). 

In patients with Roux-en-Y anatomy, percutaneous 
or even surgical approach is usually necessary; we 
hypothesized that the decompression of the biliary tree 
through EUS-guided access could be an intriguing field 
of development for future research directions[28-30]. 

Biloma: Continuous bile leak within the liver or abdominal 
cavity could result in a uniloculated biliary collection; 
biloma could compress the biliary tree, vessels or could 
even be superinfected, leading to clinical manifestations.

Treatment: small biloma usually are self-limiting and 
resolve spontaneously; in complex collection, endoscopic 
sphincterotomy and stenting could be necessary to heal 
the underlying fistula. In the case of infected collection, 
drainage is necessary. If ERC was not sufficient to drain 
the biloma both percutaneous and EUS approach have 
been demonstrated efficacy and safe[31]. 

Surgical drainage has to be considered only as rescue 
therapy, after failure of all conservative approaches.

Biliary stones and other filling defects
Presence of biliary stones, sludge, cast, blood clots or 
even migrated stents could be observed in a significant 
amount of LT-patients (up to 10%); biliary stones are the 
most common filling defects observed in this setting[13]. 

The concomitant presence of biliary tree anatomy 
alterations, strictures, acute cholangitis, increased bile 
viscosity and stasis, drug-induced lithogenesis (i.e., 
cyclosporine), bile acid depletion and cholesterol super-
saturation are all concomitant risk factors for post-
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symptoms resolution and spare unnecessary surgical 
intervention[35]. 

Recent technical and technological advances
As discussed above, minimally invasive approaches are 
indicated as first-line techniques for the management of 
biliary complications after deceased donor LT; we also 
discussed the possible technical difficulty encountered 
during deep biliary cannulation in the case of stricture, 
altered anatomy and other conditions in this setting. 
When guidewire cannot pass an angulated stenosis, 
the rendezvous technique can be used to overcome the 
issue. 

The rendezvous technique is a useful and safe 
method for the access to biliary tree, replacement of 
biliary prosthesis and stent in the case of difficult biliary 
stricture after LT with duct-to-duct anastomosis. Various 
Authors reported various rendezvous techniques that 
could be suggested for the management of biliary 
complications after failure of endoscopic and percutan
eous approaches[36-39].

Peroral cholangioscopy has been introduced over the 
past years to allow direct observation of the biliary tree 
and even to tissue acquisition. The introduction of new 
generation cholangioscopes reduced previous limitations 
(i.e., low scope resolution, low maneuverability requiring 
two endoscopists, unavailable accessories) and led to 
the new innovative applications. Some Authors, for 
example, suggested the use of Spyglass for difficult 
biliary cannulation in the case of severe stricture and 
use peroral cholangioscopy to evaluate and treat 
anastomotic stricture after liver transplantation[40,41].

CONCLUSION
The clinical outcome of patients receiving liver trans
plantation could be significantly affected by biliary 
complications, including strictures, leaks, stones or 
debris, bilomas and SODs; early diagnosis and treatment 
of these conditions allow to markedly reduction in 
morbidity and mortality[42]. Therapeutic gold standard 
is represented by conservative approaches, both endo
scopic and percutaneous, based on the type of biliary 
reconstruction, the local availability of the procedures and 
specific expertise[43]. With continuous improvements in 
surgical, endoscopic and echoendoscopic techniques[44], 
the management of biliary complications constantly 
evolves; what has not changed over time is the pivotal 
role of the early detection and management, in order 
to reduce the clinical burden and to improve long-
term outcome (graft function and patient survival). We 
hope that in the next future, with the availability of new 
expertise, knowledge and specifically designed devices, 
the endoscopic management of biliary complications will 
further improve the quality of LT-management, with a 
reduction of cost related to surgery and hospitalization.
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Abstract
Gadoxetic acid- or gadolinium ethoxybenzyl diethy
lenetriamine pentaacetic acid-enhanced magnetic 
resonance imaging (EOB-MRI) achieves excellent lesion 
detection and characterization for both hypervascular 
hepatocellular carcinoma (HCC) in arterial phase imaging 

and hypovascular early HCC (small well-differentiated 
HCC of the vaguely nodular type) in hepatobiliary phase 
imaging, and has become an indispensable imaging 
modality in the treatment of HCC. Early HCCs have 
been detected more frequently since the introduction 
of EOB-MRI into daily clinical practice. Early HCC is 
known to progress to conventional hypervascular HCC, 
and many risk factors have been identified for the 
hypervascularization of early HCC including the diameter 
of the tumor, presence of fat, and imaging findings of 
EOB-MRI. The rate of the development of hypervascular 
HCC was previously reported to be high in patients with 
chronic liver disease and early HCC. The presence of 
early HCC is regarded as a predictor for the recurrence 
of HCC following hepatic resection. On the other hand, 
although early HCC itself is currently not regarded as a 
target lesion for hepatic resection, early HCC at high risk 
of hypervascularity needs to be treated by local ablation 
therapy. If concomitant early HCC with progressed 
HCC is at high risk of hypervascularization and the 
functional liver reserve of a patient is sufficient, its 
simultaneous treatment at the time of hepatic resection 
for progressed HCC is recommended. Further studies 
on larger numbers of patients are needed before this 
strategy is adopted.

Key words: hepatocarcinogenesis; gadoxetic acid-
enhanced magnetic resonance imaging; hepatobiliary 
phase; hypervascularization; early hepatocellular 
carcinoma; organic anion transporting polypeptide; 
gadolinium ethoxybenzyl diethylenetriamine pentaacetic 
acid-enhanced magnetic resonance imaging; hepatic 
resection
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characterization for both hypervascular hepatocellular 
carcinomas (HCC) in arterial phase imaging and 
hypovascular early HCC in hepatobiliary phase imaging, 
and has become an indispensable imaging modality in 
the treatment of HCC. Early HCC is known to progress 
to conventional hypervascular HCC. Although early HCC 
itself is currently not considered to be a target lesion 
for hepatic resection, if concomitant early HCC with 
progressed HCC is at high risk of hypervascularization, 
its simultaneous treatment at the time of hepatic 
resection is recommended.

Matsuda M. Clinical value of gadoxetic acid-enhanced magnetic 
resonance imaging in surgery for hepatocellular carcinoma - with 
a special emphasis on early hepatocellular carcinoma. World J 
Hepatol 2015; 7(30): 2933-2939  Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i30/2933.htm  DOI: http://
dx.doi.org/10.4254/wjh.v7.i30.2933

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most 
malignant tumors worldwide, and hepatic resection still 
represents the most effective treatment; however, the 
recurrence rate of HCC is very high even after curative 
resection. The postoperative 5-year recurrence rate was 
previously reported to be higher than 70%, with 80% 
to 95% of recurrence being confined to the liver[1-3].

A proper preoperative evaluation of intrahepatic 
tumor progression by imaging modalities and appro
priate hepatic resection, in addition to the early diagnosis 
of recurrent HCC followed by treatment[4,5], are needed 
in order to achieve a favorable prognosis after hepatic 
resection. 

A new magnetic resonance imaging (MRI) contrast 
medium, gadoxetic acid, or gadolinium ethoxybenzyl 
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA), 
which has the properties of both an extracellular gado
linium chelate and liver-specific (hepatocyte-targeting) 
contrast material, has recently become available. The 
injection of a bolus of Gd-EOB-DTPA allows tumor 
vascularity to be assessed using arterial phase imaging 
and enables hepatobiliary phase imaging approximately 
20 min after its administration, with approximately 
50% of the contrast material being taken up by he
patocytes[6-11]. Gd-EOB-DTPA-enhanced MRI (EOB-
MRI), which includes a gradient dual echo sequence and 
diffusion-weighted imaging, has been recommended for 
the pretherapeutic evaluation of patients with HCC[12]. 
We previously showed that EOB-MRI was the most 
useful imaging technique for evaluating small HCC, 
including early HCC[11].

Early HCCs have been detected more frequently in 
daily clinical practice since the introduction of EOB-MRI 
in Japan.

The treatment of early HCCs including hepatic 
resection will become a very important issue in the near 

future.
Current understanding on the clinical value of EOB- 

MRI in surgery for HCC and the significance of newly 
diagnosed early HCC from several clinical viewpoints have 
been outlined in this review. The prospect of treatment 
strategies for newly diagnosed early HCC concomitantly 
with progressed HCC has also been discussed.

Role of EOB-MRI in THE diagnosis 
and management of HCC
Ichikawa et al[13] analyzed the findings of multicenter 
phase Ⅲ studies in order to evaluate the safety and 
efficacy of EOB-MRI for the detection and charac
terization of focal liver lesions. They showed that 
EOB-MRI was safe and improved the detection and 
characterization of focal hepatic lesions over that with 
unenhanced MRI. EOB-MRI also appeared to be more 
beneficial than spiral computed tomography (CT), 
especially for the detection of smaller lesions or HCC 
underlying cirrhotic liver. Therefore, they concluded 
that EOB-MRI enabled excellent lesion detection and 
characterization for both hypervascular HCCs in arterial 
phase imaging and hypovascular HCCs in hepatobiliary 
phase imaging[13]. EOB-MRI is recommended every 3-4 
mo in selected cases of HCC ultrahigh-risk groups, and 
at least once during the first visit in all HCC ultrahigh-
risk groups[14].

Therefore, we routinely perform EOB-MRI together 
with other imaging modalities prior to hepatic resection 
for HCC. EOB-MRI is also used in postoperative follow-
ups for patients with HCC after hepatic resection.

Hepatocarcinogenesis and 
histological findings of early 
HCC
Two types of human hepatocarcinogenesis are now consi
dered: De novo hepatocarcinogenesis and multistep 
carcinogenesis from a low-grade dysplastic nodule 
(DN) to a high-grade DN followed by early HCC and 
hypervascular HCC (progressed HCC)[15-17].

However, difficulties have been associated with the 
precise histological diagnosis of early HCC and accurate 
differentiation between early HCC and DN because of 
similarities in their pathological features[18].

The International Consensus Group for Hepato
cellular Neoplasia (ICGHN), which was composed of 34 
world-renowned pathologists and two clinicians, finally 
announced a consensus on the pathological criteria 
of early HCC (small well-differentiated HCC of the 
vaguely nodular type) after significant debate in 2009. 
In this report, early HCC was characterized by various 
combinations of the following major histological features: 
(1) a cell density more than 2-fold higher than that of 
the surrounding tissue, with a higher nuclear/cytoplasm 
ratio and irregularly thin trabecular pattern; (2) varying 
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numbers of portal tracts within the nodule (intratumoral 
portal tracts); (3) pseudoglandular pattern; (4) diffuse 
fatty change; and (5) varying numbers of unpaired 
arteries.

Since all of these features may be found in high-
grade DN, stromal invasion remains the most helpful 
objective pathological finding for differentiating early 
HCC from DN[19].

Diagnosis of early HCC by EOB-MRI
Among the various imaging modalities currently used, 
the role of EOB-MRI has become increasingly important 
in the diagnosis of early HCC.

We conducted a review on the imaging findings 
obtained from multi-imaging modalities of early HCC 
cases diagnosed according to the pathological criteria 
of the ICGHN by only including surgically resected 
nodules in order for pathologists to thoroughly investi
gate the whole nodule. These multi-imaging modalities 
included EOB-MRI, contrast-enhanced CT, CT during 
arterioportography, and CT during hepatic arteriography. 
EOB-MRI is the only imaging modality that has suffi
cient resolution for the detection and classification 
of early HCC. The most significant imaging feature 
in the diagnosis of early HCC was hypointensity on 
hepatobiliary phase images of EOB-MRI; all cases of 
early HCC that were detected on the hepatobiliary phase 
images of EOB-MRI showed hypointensity, while all of 
the images of DN showed isointensity or hyperintensity 
relative to the liver parenchyma. The findings of the 
diagnostic performance analysis showed that EOB-MRI 
had excellent sensitivity (97%) for detecting early HCC 
and exceptional specificity (100%) for distinguishing 
early HCC from DN[11,20].

Risk factors for 
hypervascularization of early 
HCC
Hypovascular nodules that appear hypointense on 
hepatobiliary phase EOB-MRI (hypovascular hypointense 
nodules) may progress to conventional hypervascular 
HCC[21]. Therefore, identifying the risk factors for the 
hypervascularization of these nodules, most of which 
are early HCCs, is important for decision making on the 
timing of treatment.

We previously reported that nodules that were 
more than 10 mm in diameter and contained fat were 
at a higher risk of developing hypervascularization[22]. 
In addition, a maximum diameter of more than 10 
mm[23] or 15 mm or greater[24], increased growth rate, 
hyperintensity on T1-weighted images[25], hyperintensity 
on T2-weighted and diffusion-weighted images[26], and a 
tumor volume doubling time of less than 542 d[27] were 
identified as risk factors for hypervascularization in early 
HCC.

Presence of a hypovascular 
hypointense nodule as a 
predictor of THE occurrence of 
hypervascular HCC
In order to determine whether the presence of a 
hypovascular hypointense nodule was a risk factor 
for hypervascular HCC in patients with chronic liver 
disease, we retrospectively selected 41 patients with 
pathologically confirmed hypervascular HCC and 41 
age- and gender-matched controls and evaluated risk 
factors for hypervascular HCC. A multivariate analysis 
revealed that serum albumin levels (OR = 0.19, 95%CI: 
0.06-0.57; P = 0.0024), a history of hypervascular HCC 
(OR = 8.62 95%CI: 2.71-32.8; P = 0.0001), and the 
presence of a hypovascular hypointense nodule (OR = 
4.18, 95%CI: 1.18-17.2; P = 0.0256) were significant 
risk factors for hypervascular HCC. We concluded 
that the risk of developing HCC was high in patients 
with chronic liver disease showing a hypovascular 
hypointense nodule[28].

Komatsu et al[29] selected 127 patients with chronic 
hepatitis B or C and no history of HCC, including 68 
with liver cirrhosis, divided them into those with (non-
clean liver group, n = 18) and without (clean liver 
group, n = 109) hypovascular hypointense nodules, and 
investigated whether the risk of hepatocarcinogenesis 
was higher in patients with these nodules. Seventeen 
patients (10 in the non-clean liver group and seven 
in the clean liver group) developed typical HCC. The 
cumulative 3-year rates of HCC development were 
55.5% in the non-clean liver group and 6.4% in the 
clean liver group (P < 0.001), and those at different 
sites from the initial nodules were also higher in the non-
clean liver group (22.2%) than in the clean liver group 
(6.4%) (P = 0.003). A multivariate analysis identified 
an older age (P = 0.024), low platelet count (P = 0.017), 
and non-clean liver (P < 0.001) as independent risk 
factors for the subsequent development of HCC[29].

Usefulness of EOB-MRI as 
a modality to predict THE 
PROGNOSES after hepatic 
resection for HCC
The imaging findings of HCC detected by EOB-MRI are 
useful predictors of recurrence after hepatic resection. 
Ariizumi et al[30] determined the tumor margins of 
HCC from 61 patients preoperatively based on the 
hepatobiliary phase images of EOB-MR and found that 
a non-smooth tumor margin in the hepatobiliary phase 
of EOB-MRI predicted microscopic portal vein invasion, 
intrahepatic metastasis, and early recurrence after 
hepatic resection in patients with HCC.

The presence of non-hypervascular hypointense 
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to be treated by hepatic resection.
Takayama et al[34] prospectively examined 70 

patients diagnosed with a single HCC of 2 cm or less 
in diameter who underwent curative hepatic resection 
and a long-term follow-up. They found that the time to 
recurrence was longer in the early HCC group than in 
the overt HCC group (3.9 years vs 1.7 years; P < 0.001) 
and there was no local recurrence. Therefore, they 
concluded that early HCC is a distinct clinical entity with 
a high rate of surgical cure. This group subsequently 
applied the concept of lead time to chronic liver disease, 
which is the length of time between screen-detected 
and symptom-detected disease. In order to evaluate 
the prolongation of survival with the treatment of early 
HCC, they compared the survival of patients with early 
and overt HCCs smaller than 2.0 cm treated with liver 
resection and concluded that the survival benefit of 
resection for early HCC was marginal because of a long 
lead time, and, thus, demonstrated that early HCC was 
not a target lesion for surgery[35].

Early HCC itself is not a target lesion for hepatic 
resection. However, early HCC at risk of hypervascularity 
needs to be treated by local ablation therapy including 
RFA and not surgery because early HCC seldom causes 
intrahepatic metastasis.  

Significance of preoperative EOB-
MRI and simultaneous treatment 
of early HCC at the time of 
resection for progressed HCC
Although early HCC itself is not a target lesion for 
hepatic resection, the treatment of concomitant early 
HCC with progressed HCC remains controversial. 

We sometimes encounter patients who developed 
the recurrence of hypervascular HCC that originated 
from residual early HCC in a short period of time after 
hepatic resection (Figure 1).

Therefore, we examined 147 patients undergoing 
hepatic resection for HCC and determined whether pre-
operative imaging with EOB-MRI and the simultaneous 
treatment of concomitant early HCC by resection or 
ablation at the time of resection for progressed HCC 
improved the prognosis of patients following hepatic 
resection. Of the 147 consecutive patients undergoing 
their first resection for HCC, 77 received EOB-MRI 
before resection. Additional treatments for early HCC 
were more frequent in EOB-MRI patients. Recurrence-
free survival was similar at 1 year (81.4% vs 82.1%), 
but improved with EOB-MRI at 3 and 5 years (62.6% 
and 48.7% vs 41.5% and 25.5%, respectively, P 
< 0.01). We speculated that recurrence within one 
year of hepatic resection was mainly due to the 
enlargement of preoperatively-undetectable intrahepatic 
micrometastasis of resected progressed HCC, while 
recurrence after one year was multicentric HCC that 
progressed from early HCC to hypervascular HCC or 

hepatic nodules detected during the hepatobiliary 
phase of EOB-MRI was identified as another predictor 
of the recurrence of HCC after hepatic resection. 
Toyoda et al[31] prospectively examined 77 patients 
who underwent hepatic resection for primary, non-
recurrent, hypervascular HCC after hepatic resection 
and compared postoperative recurrence rates according 
to the presence of non-hypervascular hypointense 
hepatic nodules detected during the hepatobiliary 
phase of EOB-MRI. They showed that recurrence 
rates after hepatic resection were higher in patients 
with non-hypervascular hypointense nodules (RR = 
1.9396, 95%CI: 1.3615-2.7222), the presence of non-
hypervascular hypointense nodules was an independent 
factor associated with postoperative recurrence (RR = 
2.1767, 95%CI: 1.5089-3.1105) in addition to HCC 
differentiation and portal vein invasion, and intrahepatic 
recurrence was mainly multicentric in origin[31]. This 
group subsequently reported that the presence of 
concurrent non-hypervascular hypointense hepatic 
nodules in the hepatobiliary phase of pretreatment 
EOB-MRI in patients with early-stage typical HCC 
was an indicator of the higher likelihood of recurrence 
after treatments including hepatic resection and 
radiofrequency ablation (RFA), and may be a marker for 
an unfavorable outcome[32].

The signal intensity of HCC in the hepatobiliary 
phase of EOB-MRI was found to be another prognostic 
maker of HCC after hepatic resection.

Kitao et al[33] classified 180 surgically resected 
hypervascular HCCs in 180 patients as either hypoin
tense (n = 158) or hyperintense (n = 22) relative 
to the signal intensity of the background liver in the 
hepatobiliary phase of EOB-MRI and compared clinical 
and pathological features as well as recurrence and 
survival rates after hepatic resection between the two 
groups. The grade of differentiation was higher (P = 
0.028) and portal vein invasion was less frequent in 
hyperintense HCCs (13.6%) than in hypointense HCCs 
(36.7%) (P = 0.039). Serum levels of alpha-fetoprotein 
(AFP), the Lens culinaris agglutinin reactive fraction of 
AFP, and prothrombin induced by vitamin K absence or 
antagonist Ⅱ (PIVKA-Ⅱ) were lower in hyperintense 
than in hypointense HCCs (P = 0.003, 0.004 and 0.026, 
respectively). Immunohistochemical AFP and PIVKA-
Ⅱ expression levels were lower in hyperintense than 
in hypointense HCCs (both P < 0.001) and organic 
anion transporting polypeptide 8 (OATP8, synonymous 
with OATP1B3) expression was significantly lower in 
hypointense HCCs than in hyperintense HCCs (P < 
0.001). The recurrence rate was lower in hyperintense 
than in hypointense HCCs (P = 0.039). They concluded 
that hyperintense HCC in the hepatobiliary phase 
of EOB-MRI was less aggressive than hypointense 
HCCs[33].

Surgical treatment of early HCC
It has not yet been established whether early HCC need 
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was de novo hypervascular HCC. We estimated that 
the simultaneous treatment of early HCC at the time of 
resection for progressed HCC reduced multicentric HCC 
by removing early HCC, which may have progressed to 
hypervascular HCC. Overall survival slightly improved 
with EOB-MRI at all time points (1-, 3-, and 5-year 
survival rates: 98.7%, 90.7% and 80.8% vs 97.0%, 
86.3% and 72.4%, respectively, P = 0.38). One 
of the reasons why preoperative EOB-MRI and the 
simultaneous treatment of early HCC at the time of 
resection prolonged recurrence-free survival but not 
overall survival after hepatic resection for HCC was an 
early diagnosis and the prompt treatment of recurrent 
HCC detected by our postoperative close follow-up[36]. 

We subsequently examined the 5-year survivors of 
both groups (41 with EOB-MRI and 48 without) in order 
to investigate the frequency of treatments for recurrent 
HCC until 5 years after surgery in both groups. The 
mean frequency of treatments for recurrent HCC until 
5 years after surgery was significantly lower in patients 
with EOB-MRI than in those without EOB-MRI (0.83 
vs 1.65 respectively, P < 0.05). Although the overall 
survival rate was not significantly different, reductions 
in the frequency of treatments for recurrent HCC may 
have been physically and economically beneficial for 

patients.
Further studies on larger numbers of patients are 

needed before this strategy is adopted.

CONCLUSION
EOB-MRI has excellent lesion detection and charac
terization for hypervascular HCC in arterial phase 
imaging and hypovascular early HCC in hepatobiliary 
phase imaging, and has become an indispensable 
imaging modality in the treatment of HCC. Early HCCs 
have been detected more frequently since the intro
duction of EOB-MRI into daily clinical practice. Although 
optimal timing for the treatment of early HCC currently 
remains unclear, early HCC, which has particular risk 
factors, progresses to conventional hypervascular HCC 
that requires treatment in a short period of time. Early 
HCC at high risk of hypervascularity need to be treated 
by local ablation therapy including RFA. If concomitant 
early HCC with progressed HCC is at a high risk of 
hypervascularization and the functional liver reserve 
of a patient is sufficient, its simultaneous treatment 
at the time of hepatic resection for progressed HCC is 
recommended. Further studies on larger numbers of 
patients are needed before this strategy is adopted. 
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Figure 1  An 81-year-old man with hypervascular (progressed) hepatocellular carcinoma and early hepatocellular carcinoma. Preoperative EOB-MRI showed 
hypervascular HCC (arrowhead), 2.6 cm in diameter, in the medial section of the liver. The nodule showed hypervascularity in the hepatic arterial-dominant phase 
(A) and hypointensity in the hepatobiliary phase (B) of EOB-MRI. Preoperative EOB-MRI also showed a small hypointense nodule (arrow), 0.9 cm in diameter, in the 
posterior section of the liver in the hepatobiliary phase (D). This nodule showed no arterial enhancement in the hepatic arterial-dominant phase of EOB-MRI (C) or 
CTHA (F), but showed slight hypoattenuation on CTAP (E). This patient underwent left hepatic resection for hypervascular HCC. EOB-MRI taken 5 mo after hepatic 
resection showed an enlarged hypointense nodule in the posterior section (H) and hypervascularity of the nodule in the hepatic arterial-dominant phase (G). The 
recurrence of hypervascular HCC that originated from residual early HCC after hepatic resection was demonstrated. HCC: Hepatocellular carcinoma; EOB-MRI: 
Gadoxetic acid- or gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging; CTHA: Computed tomography during hepatic 
arteriography; CTAP: Computed tomography arterioportography.
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Furthermore, since the risk of hypervascular HCC 
development or recurrence is high in patients with 
hypovascular hypointense nodules (almost all nodules 
are early HCC), close follow-ups are needed in these 
patients.
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Abstract
Hepatic encephalopathy (HE) is one of the worst 
complications of liver disease and can be greatly influ
enced by nutritional status. Ammonia metabolism, inflam
mation and muscle wasting are relevant processes in 
HE pathophysiology. Malnutrition worsens the prognosis 
in HE, requiring early assessment of nutritional status 
of these patients. Body composition changes induced 
by liver disease and limitations superimposed by HE 
hamper the proper accomplishment of exams in this 
population, but evidence is growing that assessment 
of muscle mass and muscle function is mandatory due 
to the role of skeletal muscles in ammonia metabolism. 
In this review, we present the pathophysiological 
aspects involved in HE to support further discussion 
about advantages and drawbacks of some methods for 
evaluating the nutritional status of cirrhotic patients with 
HE, focusing on body composition. 

Key words: Hepatic encephalopathy; Liver cirrhosis; 
Malnutrition; Anthropometry; Muscle strength; Electric 
impedance; Nutrition assessment; Dual-energy X-ray 
absorptiometry
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Core tip: Ammonia metabolism, inflammation and 
muscle wasting are relevant processes in hepatic 
encephalopathy (HE) pathophysiology and malnutrition 
worsens the prognosis in this condition, requiring early 
assessment of nutritional status in these patients. 
Body composition changes induced by liver disease 
and limitations superimposed by HE make difficult to 
accomplish exams properly in this population, but there 
is a growing evidence that assessment of muscle mass 
and muscle function is mandatory due to the role of 
skeletal muscles in ammonia metabolism. In this article, 
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we review HE pathophysiology and discuss the main 
methods of nutritional assessment, suggesting the best 
approaches in HE patients.

Romeiro FG, Augusti L. Nutritional assessment in cirrhotic 
patients with hepatic encephalopathy. World J Hepatol 2015; 
7(30): 2940-2954  Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i30/2940.htm  DOI: http://dx.doi.
org/10.4254/wjh.v7.i30.2940

INTRODUCTION
Hepatic encephalopathy (HE), a neurological dysfunction 
affecting primarily the brain, is caused by acute or 
chronic liver insufficiency and/or by the presence of 
portosystemic shunting. This syndrome embraces 
distinct forms of neurological symptoms from subclinical 
presentations to hepatic coma[1]. Overt HE afflicts 
30%-45% of cirrhotic patients, whereas minimal HE 
may affect more than half of the cases with advanced 
cirrhosis[2-4]. The estimated incidence in decompensated 
cirrhosis is 8% per year and the majority of patients 
with HE episodes are received in emergency care 
services[5]. In an observational study, the mean hospi
talization length of these patients was between 5.7 and 
7.1 d[2].

Among cirrhosis complications, HE mortality is 
higher than the rate caused by variceal bleeding or 
ascites. After overt episodes, death rates vary between 
42% and 64% in one year according to HE grade[6-8]. 
The relevance of this condition was demonstrated even 
in patients without overt HE, for whom a mortality 
index combining electroencephalogram findings and the 
model of end-stage liver disease score (MELD) had a 
higher accuracy for predicting 12- and 18-mo survival 
than the MELD score alone[9].

The role of nutrition in HE physiopathology is well 
established, and nutritional treatment is an important 
step in order to improve quality of life (QOL) and 
survival of patients with cirrhosis and HE. Since HE is 
a late complication of advanced liver disease, it is not 
surprising that cirrhotic patients with HE are susceptible 
to nutrition disorders[10]. Hence, there are many reasons 
that nutrition and HE cause a great impact on each 
other.

Ammonia metabolism is probably the most studied 
of the mechanisms responsible for the nutritional 
effects on HE, because ammonia production is highly 
influenced by dietary components. Consequently, many 
nutritional treatments have been studied in order to 
modulate ammonia production, to increase survival 
rates and to improve QOL of cirrhotic patients stricken 
by HE. 

Nutrition status is directly associated with survival 
of cirrhotic patients[11-14]. Moreover, when these patients 
also have HE this association can be even more impor
tant. Although there are many studies focusing on the 

nutrition role in cirrhosis, this article specifically aimed 
to discuss practical nutritional strategies that can be 
applied to evaluate the body composition of HE patients. 
With the purpose of giving pathophysiological support to 
this discussion, the main factors related to HE etiology 
are presented as ammonia production, inflammation, 
and muscle wasting - whereas other factors are briefly 
addressed.

PATHOPHYSIOLOGY OF HE AND 
NUTRITIONAL STATUS INFLUENCE ON 
THE MAIN PROCESSES INVOLVED
The pathophysiology of HE is multifactorial and there is 
a general agreement that ammonia and inflammation 
act synergistically to cause astrocyte swelling and brain 
edema[15]. Since body composition affects ammonia 
metabolism and has a clear impact on cirrhosis and HE, 
the main pathophysiological point discussed herein is 
ammonia metabolism.

Ammonia metabolism
Even though ammonia levels are not strictly pro
portional to neurological impairment, ammonia is of 
great relevance in HE. High blood ammonia levels are 
not sufficient to establish the diagnosis of HE in cirrhotic 
patients; however, a normal value requires diagnostic 
reevaluation[1]. It means that ammonia blood levels are 
still valuable when they are related to additional clinical 
information, but isolated ammonia levels should never 
be considered sufficient to make a diagnosis. It is also 
important to consider that the values are influenced 
by physical activity, the source of the blood collected 
(arterial or venous), the prandial status and the diet 
pattern before the test.

In humans, there are three main sources of ammo
nia: The intestines, the kidneys and the muscles. The 
total daily production in adults is around 1000 mmol 
of ammonia[16]. The kidney production is increased in 
cirrhotic patients during hemodynamic disturbances[17]. 
The role of intestines in ammonia production is fairly the 
most frequently cited aspect in prior studies about HE, 
making the colon one of the main treatment targets.

Studies on non-absorbable disaccharides were the 
initial evidence that orally ingested substances could 
be useful in HE treatment. Lactulose and lactitol are 
the most studied among them in clinical trials of HE 
treatment. Lactulose is a good example of how a non-
absorbable component could be relevant in this setting. 
Beyond the cathartic property, achieved by increasing 
intestinal transit, lactulose is also converted to lactic acid 
and acetic acid, which have the potential of converting 
ammonia to ammonium. Another interesting effect of 
disaccharides is that the colon acidification favors the 
proliferation of nonammoniagenic bacteria[18]. According 
to this point of view, lactulose also has a prebiotic 
property, and these effects could be achieved, at least 
in part, by nutritional treatments.
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Colonic production of ammonia is a target in HE treat
ment, but it is important to notice that three systems 
are able to convert ammonia into other substances. 
The liver is the chief organ, and urea synthesis is the 
main metabolic route for ammonia clearance in normal 
conditions[19]. Skeletal muscles are a secondary system 
that can convert ammonia to glutamine, as is the 
brain tissue. Given the osmotic effect of glutamine, 
continuous conversion of ammonia to glutamine inside 
the astrocytes can cause cellular edema. Astrocytes 
constitute a significant part of the cerebral volume, 
so any degree of edema in these cells can be relevant 
to the brain and can lead to decreased excitatory 
neurotransmission, which is a characteristic feature of 
HE[20].

Accordingly, in advanced cirrhosis, the liver can 
be insufficient to accomplish the ammonia clearance 
as needed. Hence, the only way to avoid glutamine 
formation inside the neural cells is to convert ammonia 
to glutamine in skeletal muscles. Conversely, cirrhosis 
is a catabolic disease, and patients with advanced 
cirrhosis are commonly affected by muscular wasting, 
which decreases the amount of muscle tissue available 
to make this conversion. One of the main reasons for 
this catabolic state is that changes in the cirrhotic liver 
impair the glucose metabolism, so that when these 
patients are in a fasting state they have to use muscular 
proteins as an energy source. In many of these patients, 
HE arises as a late complication, developed when their 
muscles have been affected for a long duration, leading 
to muscle depletion and malnutrition. It can be difficult 
to counteract this process in HE patients, and prevention 
is clearly the best choice to preserve muscle mass in this 
setting.

It is estimated that nearly half of the total ammonia 
can be metabolized in muscles through glutamine 
synthesis. However, glutamine synthesis and ammonia 
uptake are low during rest[19]. Some studies have 
hypothesized that in the rest state the muscle might 
not be significant to ammonia metabolism in healthy 
subjects, but it could be more important in liver dis
ease[20]. Since muscle is the best means to increase 
ammonia clearance in cirrhotic patients with HE, physical 
activity could be very relevant in this setting. However, 
the role of muscle activity as a way to prevent HE was 
not verified in clinical trials.

Due to the role of muscle mass in cirrhotic patients, 
especially those with HE, early nutritional assessment 
must be performed properly. The early nutritional 
diagnosis must be followed by an appropriate dietary 
treatment in order to reduce the process of muscle 
wasting related to this liver disease. Even so, ammonia 
metabolism is not the only aspect that should be 
considered.

Inflammation
The inflammatory process is another significant issue in 
HE pathophysiology that can also be a target for different 
forms of treatment, including nutritional strategies. 

Inflammatory cytokines affect the blood-brain barrier 
and increase the ammonia diffusion in astrocytes[21]. 
Cirrhosis is characterized by subclinical increasing of 
inflammatory cytokines, but it can be difficult to show 
the correlation between HE and inflammation through 
peripheral blood cytokine tests[22]. In a double-blind 
randomized trial comparing the effects of two antibiotics, 
our group showed for the first time that hospitalization 
length was associated with C reactive protein levels 
during HE treatment. This finding illustrates the inflam
mation impact not only when the patient arrives at the 
hospital but also during HE treatment[23].

The level of inflammation products found through 
fecal calprotectin tests is higher in patients with cirrhosis 
and HE, indicating that the gastrointestinal tract (GIT) is 
the main source of inflammation in these patients[24]. A 
further study suggested that there is a global mucosal-
immune interface change in these patients that affects 
the entire GIT[25]. Cirrhosis is often associated to slow 
gastrointestinal transit and mucosal edema, allowing 
the passage of bacterial products through the epithelial 
barrier. These products keep a continuous flow of 
bacterial particles through the portal vein, promoting 
the release of tumor necrosis factor inside the liver and 
causing a long-lasting cellular damage into the organ[26].

Obviously, nutritional management is not sufficient 
to avoid inflammation caused by acute infections, and 
reducing this sustained inflammatory state in cirrhotic 
patients is a challenge. However, when the main source 
of inflammation is the GIT, nutritional treatments can 
be useful to limit this process. Cirrhotic patients with 
HE are frequently stricken by small intestinal bacterial 
overgrowth, which leads to alterations in intestinal micro
biota profile[27,28]. In this context, probiotics, prebiotics 
and symbiotics ingested can increase GIT transit and 
alter the microbiota involved in GIT inflammation to 
achieve a better bacterial profile, similar to the effects 
obtained by lactulose.

To demonstrate this effect in a clinical trial, Liu et 
al[27] evaluated the results obtained by a symbiotic 
preparation on minimal HE in patients with cirrhosis. 
They found that the symbiotic treatment favored the 
fecal proliferation of Lactobacilli, thus reducing the 
amount of the previous bacterial strains, which were 
more associated to inflammation. This modulation of GIT 
microbiota was concomitant to a remarkable decrease 
in serum ammonia and a significant improvement of 
HE in half of the subjects. Remarkably, the symbiotic 
treatment was also associated with endotoxemia 
reduction, improving the Child-Pugh class in nearly 50% 
of cases. Treatment with fermentable fiber alone was 
similarly helpful to many patients. Thus, the authors 
concluded that treatment with symbiotics or fermentable 
fiber would constitute an alternative to lactulose for the 
management of minimal HE in cirrhotic patients[27].

Other mechanisms involved in HE and also in different 
types of encephalopathy
Besides the fact that ammonia and inflammation 
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predominant loss of muscle mass in cirrhosis suggests 
that sarcopenia, or loss of skeletal muscle mass, is the 
first nutritional deficiency[40].

Concurrently, overweight has been cited in cirrhotic 
patients as another matter of concern. Berzigotti et al[41] 
evaluated 161 cirrhotic patients over a mean follow-
up of 59 mo or until cirrhosis decompensation. The 
incidence of complications in patients was 15% in those 
with normal body mass index (BMI), 31% in those 
overweight and 43% in obese patients. In cirrhosis, 
obesity can be associated with loss of muscle mass, an 
ambiguous state of excess adipose tissue and muscle 
wasting denominated sarcopenic obesity, which has 
accumulated risks for each of the two phenotypes of 
body composition[41-44].

Thus, the presence of cirrhosis and HE affects 
nutritional status by many mechanisms, as described in 
Table 1.

As HE is frequently associated with advanced cirrhosis 
and this combination of severe conditions can have a 
substantial effect on food ingestion, the effects are clear 
in the clinical setting. In a multicentric trial assessing 
cirrhotic inpatients with jaundice, the spontaneous 
caloric intakes in the control group were approximately 
20-25 kcal/kg per day, considered by the authors to 
constitute more than expected[45]. A large study aimed 
to document the impact of malnutrition and nutritional 
practice in 396 cirrhotic inpatients registered the caloric 
intake as 35.1 ± 10.0 kcal/kg per day in Child A, 29.0 
± 7.3 kcal/kg per day in Child B and 24.0 ± 8.0 kcal/kg 
per day in Child C subjects. Of note, changes in dietary 
and protein intake during hospitalization were related 
to mortality[46]. In a study of 60 outpatients, in which 
the majority of whom had compensated liver disease, 
the caloric intake was between 24 and 40 kcal/kg per 
day[47]. Another study assessing 300 cirrhotic outpatients 
obtained a mean value of 32 kcal/kg per day[48]. 
Unfortunately, the HE rates are not clearly documented, 
so it is difficult to identify the food intake patterns in this 
condition.

To analyze this question, our group assessed 60 
outpatients with cirrhosis and HE. The majority of them 
had grade 1 HE (34 patients), while 23 presented 
minimal HE and only two subjects had grade 2 HE. 
The mean caloric ingestion was 20.5 ± 8.61 kcal/kg 
per day (unpublished data). These values were clearly 
below the recommendations for cirrhotic patients with 
HE, which range from 35 to 40 kcal/kg per day[32,49]. It 
is difficult to know whether the presence of HE is the 
main reason for the disagreement between our data 
and other results of caloric ingestion obtained in studies 
that did not evaluate only patients with HE, given the 
potential relevance of many other differences between 
the populations assessed. To clarify this hypothesis, 
we encourage researchers to implement new studies 
of caloric ingestion in HE patients to contribute with 
additional data on this topic.

Given all the mechanisms that influence malnutrition 
in HE, there are no doubts that it is necessary to evaluate 

are the most appraised components involved in HE 
pathophysiology, the evidence supporting the role of 
oxidative stress and hyponatremia in HE is growing. The 
increase of blood-brain barrier permeability related to 
hyponatremia and oxidative stress has been associated 
to HE development[17]. Hyponatremia in cirrhotic patients 
is often caused by fluid retention, leading to hypervolemic 
(dilutional) hyponatremia. Conventional therapy in 
this setting is a challenge because fluid restriction and 
loop diuretics are frequently inefficacious[29]. It has 
been considered as a third hit in HE pathophysiology, 
because it can worsen the cerebral edema caused by 
hyperammonemia and inflammation. The management 
of these conditions in the emergency room is beyond 
the scope of this review, but nutritional strategies can be 
convenient in order to avoid or correct some electrolytic 
disturbances.

Electrolytes and fluid imbalances are commonly 
associated with several illnesses and have a great impact 
in cirrhosis and HE. Potassium and zinc deficits can be 
a consequence of restricted diets, and some enriched 
supplements can be useful for avoiding or treating them. 
Hypokalemia should be promptly corrected in patients 
with HE because it increases ammonia production and 
excretion by the kidneys[30]. Additionally, zinc deficiency 
is not rare in HE, and the early diagnosis should be done 
in this setting[31]. It should always be suspected in the 
presence of HE associated with malnutrition, especially 
when a poor diet is maintained for a long duration, as 
in the case of severe alcohol addiction. In theory, the 
lack of dietary proteins could be a contributing factor, 
because they are a significant source of zinc. Zinc 
deficiency can lead to HE, diarrhea, muscle cramps and 
skin lesions, complications that can be avoided by the 
prompt initiation of the disturbance correction.

Many HE patients have high manganese levels, 
possibly reproducing the effects of hepatocellular failure, 
as well as impaired biliary flow and the existence of 
porto-systemic venous shunts[32]. Manganese accu
mulation in brain tissue is found in severe cases of HE 
and acquired hepatocerebral degeneration[33,34]. Other 
electrolyte imbalances found in patients with cirrhosis 
and HE include hypocalcaemia and hypomagnesaemia, 
but their role in HE is not so clear. Finally, these patients 
present severe amino acid imbalances that lead to 
depletion in branched chain amino acids, which can be 
supplemented to achieve improvement in HE[35,36].

NUTRITIONAL STATUS IN HE
Among cirrhotic patients, 75% of those who develop 
HE have moderate to severe malnutrition, which 
affects their energy reserves and muscle mass[1]. Due 
to the muscular involvement in ammonia metabolism, 
malnutrition is associated with a higher incidence of 
HE[37-39]. The best means to define malnutrition in 
cirrhosis is protein calorie malnutrition, in which both 
lean and fat tissue can be depleted[39,40]. Although this 
reduction in both tissues is recognized as cachexia, the 
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the nutritional status of cirrhotic patients who develop 
HE. However, it can be a challenge because patients 
with HE often have altered body composition, including 
variations in fluid balance and protein catabolism induced 
by the liver disease[1,32,50,51]. Moreover, they can be 
particularly difficult to evaluate through exams requiring 
extensive patient collaboration.

Some authors have suggested that changes in 
water homeostasis and compartmentalization can exist 
even before fluid accumulation is detected, and when 
these patients have ascites, pleural effusion or edema 
their evaluation via traditional methods can be even 
less accurate for assessing body composition[52,53]. 
Additionally, changes in lean mass and fat ratio can also 
reduce the accuracy of some methods of nutritional 
evaluation, as in sarcopenic, obese and also sarcopenic 
obese patients[41,43,44]. These alterations in body com
position require more attention to assess patients with 
advanced liver disease, which can affect some measures 
obtained by the traditional methods.

Finally, metabolic changes lead to lessening in protein 
and fat reserves in 50%-75% of cirrhotic patients[1,50]. 
Furthermore, the degree of depletion in these reserves is 
related to prognosis and is a risk factor for developing HE, 
thus necessitating the evaluation of body composition in 
this population[39].

METHODS TO EVALUATE THE 
NUTRITIONAL STATUS OF CIRRHOTIC 
PATIENTS WHO DEVELOPED HE
Detailed body composition assessment is essential in HE 
patients. It is the first step to define the pattern of tissue 
loss and to establish nutritional treatment strategies[54]. 

Therefore, nutritional assessment of cirrhotic patients 
with HE must combine a good dietary history, body 
composition data and laboratory exams[1,32,49,55]. In this 
review, we will focus on body composition evaluation.

Most techniques to assess body composition are 
focused on differentiating fat mass from fat-free mass, 
while some methods presume that fat-free mass has 
constant characteristics, such as hydration fraction and 
density. Thus, techniques such as anthropometry and 
bioelectrical impedance could lead to over- or under-
estimation of body composition findings when these 
assumptions are invalid[56]. Despite that, anthropometric 
and bioelectrical impedance data were associated with 
prognosis in cirrhotic patients, and their potential lack of 
accuracy is difficult to quantify.

Herein, we analyze the usefulness of the most widely 
utilized techniques in the assessment of nutritional 
status in cirrhotic patients who developed HE, presenting 
some of the advantages and drawbacks of each method. 
Given that patients with severe HE can be difficult to 
evaluate through exams requiring extensive patient 
collaboration, we suggest some of them that could be 
suitable in a practical scenario, adding more complex 
techniques in the initial evaluation and/or to bring more 
accuracy. Table 2 summarizes some of the findings in 
this setting.

Subjective Global Assessment
Subjective Global Assessment (SGA) is one of the most 
widely used methods to evaluate nutritional status in 
patients during their hospital stay. It gathers information 
about food intake, weight changes, gastrointestinal 
symptoms and physical examinations, which are in
tended to evaluate subcutaneous fat, muscular atrophy, 
edema and ascites[57].

Although SGA is useful as a screening tool to be 
applied upon hospital arrival, it is not sufficient to 
evaluate cirrhotic patients with HE on account of some 
methodological limitations. First, SGA depends on 
personal information that can be difficult to obtain from 
patients with cognitive impairment or somnolence. 
Second, the only anthropometric measure utilized is 
the body weight, which is often changed by ascites 
and edema[50,51]. Therefore, the guidelines of the Inter
national Society for HE and Nitrogen Metabolism (ISHEN) 
highlight that SGA can underestimate malnutrition 
occurrence in cirrhotic patients and does not predict 
outcome accurately[32].

Anthropometry
Anthropometric measurements are objective methods 
to evaluate the nutritional status. They are rapid, non-
invasive and low-cost techniques, specifically suited to 
assess somatometric characteristics. These measure
ments have been considered the most useful procedures 
to assess nutritional status in cirrhotic patients[58]. 
Nonetheless, they also have limitations when applied 
in patients with HE and cirrhosis. For instance, ascites 
and edema can influence body weight and BMI values, 

Table 1  Possible causes of malnutrition in patients with 
cirrhosis and hepatic encephalopathy

Possible causes Clinical manifestation

Reduced ingestion of foods Anorexia
Early satiety

Ascites
Confusion and/or excessive somnolence

Frequent hospitalizations
Impaired absorption of Alterations in enterohepatic circulation
nutrients Impaired biliary excretion

Small intestinal bacterial overgrowth
Portosystemic shunts

Metabolic disturbances Protein hypercatabolism/BCAA depletion
Decreased glycogen stores and 

gluconeogenesis
Insulin resistance and enhanced 

ketogenesis
Increased lipolysis and fatty acid oxidation

Other factors Restricted diets (e.g., low sodium diets)
Protein loss during large volume 

paracentesis
Abdominal distention during lactulose 

therapy

BCAA: Branched chain amino acids.
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underestimating the prevalence of malnutrition among 
these patients[51]. Although there is a specific classifi
cation of BMI for cirrhotic patients that categorizes the 
presence of ascites, this reference is not fully applied in 
clinical trials, and presents a clear limitation of having a 
single cutoff value to diagnose malnourished patients, 
precluding the diagnosis of eutrophic or overweight 

patients[59]. Most studies still use the dry weight, which 
is estimated by subtracting the weight of ascites and 
edema that is known from information obtained during 
clinical assessment, weight values formerly registered, 
ascites volume drained and references previously esta
blished[32].

Skinfolds and body circumferences are less affected 

Table 2  Advantages and disadvantages of the main methods of nutritional assessment for cirrhotic patients with hepatic 
encephalopathy

Method Advantages Disadvantages

SGA Quick application Requires patient comprehension and collaboration
Low cost Subjectivity (the only objective measure used is weight)

Can identify patients under risk of malnutrition Can underestimate malnutrition
upon hospital arrival Cannot be used as a follow-up method

Can be applied in hospital rooms
Anthropometry Quick application Some measures (body weight, body mass index, AC, TSF) can be 

highly influenced by water retention and overweight/obesity
Low cost Interobserver variation decreases the data reproducibility

Demands little collaboration Can underestimate malnutrition
Can be applied in hospital rooms

Some measures (CAMA, MAMC, APMT) are less 
influenced by water retention and overweight/

obesity
MAMC is widely recommended for liver disease 

patients
MAMC and TSF are associated with outcomes in 
cirrhotic patients and are related to the presence 

of HE
Handgrip strength Quick application Cannot identify muscle wasting anatomically

Low cost Is not so suitable for evaluating cirrhotic women, because skeletal 
Can be applied in hospital rooms muscle function correlates with muscle mass only in men
Identify impaired muscle function

Is not influenced by either water retention or 
overweight/obesity

Is an independent predictor of cirrhosis 
decompensation

Bioelectrical impedance analysis Quick application Controversial applicability in patients with fluid retention
Can be applied in hospital rooms when portable 

equipment is used
Requires patient removal to the equipment room when non-

portable equipment is used
PA and BCM are associated with outcomes in 

cirrhotic patients
Can underestimate malnutrition

Dual-energy X-ray absorptiometry Adequate accuracy to identify muscle depletion High cost
Excellent reproducibility Requires patient removal to the equipment room

Can also identify bone mass reduction as a 
screening tool

Exposure to ionizing radiation makes routine use less attractive as 
a follow up method

Gives detailed analyses of body composition 
(segmental results), obtaining measures that have 

prognostic impact in cirrhotic patients
FFMI is an independent predictor of HE

AMMI can be used to diagnose sarcopenia
Computed tomography scan Adequate accuracy to identify muscle depletion High cost

Excellent reproducibility Requires patient removal to the equipment room
Can be performed retrospectively from images 

previously obtained
Exposure to ionizing radiation makes routine use less attractive as 

a follow-up method
Can also identify hepatic nodules, portosystemic 

shunts and other abnormalities
Skeletal muscle thickness in cross-sectional 

images has prognostic impact in cirrhotic patients
L3 SMI can be used to diagnose sarcopenia

The bedside techniques are presented at the top and can be valuable even in conditions of restricted access to technology. The more complex methods are 
shown at the bottom, and should also be used when technology is unrestrained, providing more accuracy. Methods used only for research purposes and 
those not applied to patients with hepatic encephalopathy are not included. AC: Arm circumference; AMMI: Appendicular muscle mass index; APMT: 
Adductor pollicis muscle thickness; BCM: Body cell mass; CAMA: Corrected arm muscle area; FFMI: Fat-free mass index; HE: Hepatic encephalopathy; L3 
SMI: Third lumbar vertebrae skeletal muscle index; MAMC: Mid-arm muscle circumference; PA: Phase angle; TSF: Triceps skinfold; SGA: Subjective Global 
Assessment.
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by water retention than BMI. Skinfolds are mainly used 
to estimate the body fat. Fiore et al[60], evaluating 40 
cirrhotic subjects without overt fluid retention, found 
that the percentage of body fat assessed by skinfolds 
had a difference of less than 5% in comparison to the 
values obtained by dual-energy X-ray absorptiometry 
(DEXA). The authors evaluated body composition 
measures in patients who did not present any degree 
of edema or ascites. Moreover, most subjects had 
compensated cirrhosis (Child-Pugh A/B/C = 24/16/0) 
while the rate of patients with HE is not mentioned in 
the article, hampering extrapolation of the findings to 
patients with HE and/or more advanced liver disease.

Two of the most recommended measures to 
evaluate the nutritional status of cirrhotic patients with 
HE are triceps skinfold (TSF) and mid-arm muscle 
circumference (MAMC)[55]. MAMC is calculated through 
TSF and mid-arm circumference (AC). In a study of 212 
cirrhotic inpatients monitored for 2 years, the authors 
suggested that MAMC and TSF could be included in 
the Child-Pugh classification in order to improve the 
predictive accuracy of this score, although the prognostic 
power of TSF was lower than that of MAMC[11]. Another 
study of 300 subjects showed that MAMC values were 
expressively more affected in male than in female 
cirrhotic patients, while loss of fat deposits based on TSF 
was more significant in females[48]. In a study evaluating 
143 patients before liver transplantation, the authors 
considered MAMC to be the best reliable anthropometric 
tool[61]. In a study of 102 patients submitted to ortho
topic liver transplantation (OLT), AC and TSF were 
used to categorize patients according to the values 
before OLT; those below the 25th percentile had an 
increased incidence of hepatic tests result abnormalities, 
suggesting a higher incidence of complications in this 
group[62].

A method in which MAMC and BMI were combined 
with SGA information as a new way to evaluate the 
nutritional status of cirrhotic patients was previously 
validated[63]. The proposed algorithm showed prognostic 
value in this population and we encourage its use 
as a screening method for patients in their hospital 
admission. However, there is no information whether 
this algorithm could be useful during the patient follow-
up, or whether variations in weight/BMI could impair 
the accuracy found by the authors. Thus, a simple and 
precise technique for assessing malnutrition in cirrhotic 
individuals is not available yet[64].

Another anthropometric measure that may be used 
for diagnosing muscle wasting in cirrhotic patients is 
the adductor pollicis muscle thickness (APMT). APMT 
is a simple tool, with little influence from such body 
composition changes as edema, ascites and overweight. 
It has been applied to evaluate the nutritional status 
in normal populations as well as surgical, renal failure 
and cancer patients[65-68]. However, we have not found 
studies specially aimed to evaluate cirrhotic patients.

Specific data of anthropometric measurements 
in patients with HE were presented in a study of 300 

cirrhotic patients (200 men and 100 women). The 
authors confirmed that the prevalence of overt HE 
during hospitalization was significantly higher in patients 
with muscle depletion assessed by MAMC and TSF, 
as well as in those with decreased muscle strength, 
showing the relevance of anthropometric measures 
and muscle strength in HE[39]. Of note, the diagnosis of 
muscle wasting and fat store depletion was based on 
MAMC and TSF < 5th percentile, respectively, in relation 
to normal values. 

In a comprehensive review about nutrition in HE, 
the authors suggested that parameters not affected by 
ascites or edema include MAMC, AC, and TSF. They also 
proposed that the diagnosis of malnutrition in advanced 
liver disease could be done when MAMC and/or TSF 
values were lower than the 5th percentile in individuals 
aged 18-74 years, using the 10th percentile for those 
aged more[64].

Indeed, these measurements were the most widely 
used for a long time, so there is more evidence that 
they can be used in cirrhotic patients. Even without such 
a well-known scientific basis, we suggest that corrected 
arm muscle area (CAMA) and APMT should also be 
documented in these patients as supplementary data. 
Both could be useful to identify muscle wasting, which is 
extremely relevant for cirrhotic patients with HE. CAMA 
is calculated through AC and TSF values. As the others 
measurements proposed by Bémeur et al[64], CAMA 
and APMT are also easy to perform, given that they 
do not require much cooperation from patients. These 
advantages are important in cases with somnolence 
and/or confusion. Additionally, we recommend that the 
diagnosis of malnutrition in cirrhotic patients with HE 
should not be based only on anthropometry, unless it is 
the only method available.

Since anthropometric classifications were not based 
on cirrhotic patients, it is difficult to establish cutoff 
values according to the aforementioned studies because 
most of these values were obtained from standard 
measures for healthy subjects in different populations. 
Likewise, other limitations must be considered: The 
inter-observer disagreement in some procedures, 
the variations in skin compressibility and hydration, 
and the fact that in many cases the overweight can 
preclude the diagnosis of cirrhosis-related muscle loss. 
Anthropometric measurements should be confirmed by a 
skilled professional in order to increase their reliability[58]. 
Therefore, whether evaluations of cirrhotic patients with 
HE are based only on anthropometry, these issues can 
be a significant drawback. Given the severe disease 
found in this population, other methods should be used 
to support anthropometric findings whenever possible to 
provide greater accuracy for the data obtained.

Bioelectrical impedance analysis
Bioelectrical impedance analysis (BIA) measures are safe 
and relatively accurate for estimating fat mass and fat-
free mass. The water component of the body is appraised 
according to the capacity of the body to conduct an 
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electrical current[69]. Thus, the basic principle of BIA is 
that electrical conduction is faster through water and 
slower through fat tissue due to the resistance imposed 
by fat deposits, thus estimating the percentages of fat 
and fat-free tissues. The procedure takes less than 2 min 
to measure body electrical conductivity and resistance 
(impedance). This resistance value is then applied to the 
determination of total body water.

BIA has been applied in evaluations of cirrhotic 
patients for many years[70-77]. Among the results ob
tained, phase angle (PA) and body cell mass (BCM) 
deserve particular attention.

PA values are decreased in advanced cirrhosis. 
Furthermore, a prior study confirmed that PA was 
associated with muscle strength and muscle mass in 
cirrhotic patients. Moreover, a phase angle value less 
than or equal to 5.4 degrees was predictor of reduced 
survival[72]. Of note, Peres et al[75] found that the median 
PA was 4.17° (3.19°-7.42°) in a HE subpopulation, 
expressively worse compared to cirrhotic individuals in 
which HE was not present (5.04°).

BCM is a lean tissue compartment that is diminished 
in protein-calorie malnutrition. It estimates the body 
cellular elements, and has been considered one of the 
best nutritional references for appraising metabolic 
pathways like protein turnover and energy expendi
ture[58]. Thus, low BCM is often observed in advanced 
liver disease.

Analyzing 150 potential candidates for OLT equally 
divided into two categories (validation group and study 
group), Selberg et al[78] showed that hypermetabolism 
and low BCM proportion (< 35% of body weight) were 
related to short survival. Of note, when the authors 
compared the subjects who died with those who 
survived, HE and edema severity were expressively 
worse in the former group, and CAMA measures were 
correlated with BCM[78]. Figueiredo et al[79] evaluated 69 
cirrhotic patients using SGA, anthropometry, handgrip 
strength, lab tests and dual-energy X-ray absorptiometry. 
Most of the methods applied were weakly associated 
with BCM measurements, but the authors showed that 
handgrip strength and MAMC values obtained in this 
study were the most sensitive markers of depleted 
BCM. Combining the cutoff points of 30 kg obtained by 
handgrip strength test and 23 cm obtained by MAMC, 
the authors showed that these methods could be used 
together in order to identify BCM depletion accurately in 
most patients[79].

Müller et al[80] in a study with 123 cirrhotic patients 
found that post-transplantation mortality was higher 
in patients with low BCM. The authors concluded that 
hypermetabolism was not present in all patients, but 
could be a cause of malnutrition, thus contributing to 
worsen prognosis[80].

As BIA results can be altered by physical activity, 
dehydration, diuretic use, fluid retention, as well as 
liquid and food ingestion before the test, the usage of 
this method for assessing cirrhotic patients has been 
controversial[56,81-84]. According to a prior study, total 

body water was comparable in compensated cirrhosis 
and in non-cirrhotic subjects, but was higher in patients 
with ascites[52]. Other studies assessing the changes 
caused by ascites have shown that fluid overload can be 
a cause of imprecision in BIA results[82,85,86].

In contrast, another research group postulated that 
ascites exerts an irrelevant influence on BIA measures 
since chest and abdomen together represent only 
11% or less of the body resistance, showing that BCM 
appraised by BIA was associated with the same measure 
evaluated by the total body potassium count, regardless 
the presence of ascites[87]. However, it must be noticed 
that 72% of the subjects used diuretics.

Ascites should be viewed as a marker of fluid overload 
and not as a simple liquid accumulation. Accordingly, 
the instillation of 2-3 L of fluid into the peritoneal cavity 
has minimal effect on total body resistivity in patients 
submitted to peritoneal dialysis, and assessments of fat 
mass and fat-free mass do not vary significantly whether 
these patients are dry or filled[88,89]. According to ascites 
pathophysiology, it is a clinical sign that the patient 
presents diffuse water retention and not only in the 
abdomen. The controversial point is how much ascites 
can change BIA results.

To estimate this effect in cirrhotic patients with HE, 
we evaluated 50 patients with HE that were submitted to 
BIA and DEXA exams to compare the percentage of fat 
mass obtained in each exam (non-published data). The 
median of their Child-Pugh classification scores was 8 
(Child-Pugh A/B/C = 11/33/6), 32% of them had ascites 
and 38% had edema. The mean fat mass according to 
BIA and DEXA exams were 29.3% ± 7.7% and 29.8% 
± 7.1%, respectively. Pearson's r was used to test the 
correlation and Bland-Altman analysis to evaluate the 
agreement between the fat percentages obtained by 
BIA and DEXA[90]. Pearson correlation indicated good 
agreement (P = 0.0000882 and r = 0.526). However, 
we found some discrepancies when the differences 
were observed on the scatter graph and through Bland-
Altman analysis (Figure 1). The results obtained by 
DEXA seem to be similar to the values previously found 
in cirrhotic patients without fluid retention (29.6 ± 9.2)[60]. 
Even so, it is important to notice that DEXA exams can 
also be affected by fluid alterations, as addressed below 
in this review[54,91].

These limitations and controversial issues must be 
pondered when a cirrhotic patient with HE has been 
evaluated, because the precision of BIA results could 
be affected by all the body changes induced by the liver 
disease. Nevertheless, when there is not a single sign 
of fluid retention that could be clinically detected, BIA 
can be used for predicting total body water in cirrhotic 
patients, but precision is somewhat worse than in 
normal conditions[92]. Taking in account these limitations, 
when more accurate methods are not available and the 
patient has no signals of fluid overload, we consider that 
BIA results are still valuable in cirrhotic patients with 
HE because phase angle and BCM convey prognostic 
information[72]. Finally, multi-frequency BIA should be 
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preferred in order to achieve more accurate results.

Handgrip strength
There is a growing interest in muscle activity evaluation 
for nutrition assessment. Walking tests and other tests 
requiring extensive collaboration could not be fully 
applied in patients stricken by severe illnesses like HE. 
Thus, handgrip strength (HS) can be a good option for 
patients with low-grade HE. Muscle strength is closely 
related to muscle activity, which is another valuable 
parameter for cirrhotic patients with HE, because HE 
tends to decrease physical activity.

A probable reason for decreased muscle activity in 
these patients is that hyperammonemia is related to 
fatigue, which is frequently reported in HE[19,93,94]. As 
previously mentioned in this review, in healthy adults 
the muscle role in ammonia clearance is minimal during 
rest, so the physical activity can be very important for 
ammonia metabolism. Accordingly, a previous study 
postulated that walking at least 5000 steps daily could 
be recommended for patients with compensated cirrho
sis[95]. Although techniques of muscle activity evaluation
are not considered to be methods of nutrition assess
ment, the information obtained would be of great value 
in patients with HE and more studies are needed in this 
setting.

HS has been suggested as a good indicator of 
nutritional status in liver disease patients by several 
guidelines[1,32,49]. The test is simple and a significant 
advantage is that the grip strength value is an inde
pendent predictor of cirrhosis decompensation[38,79,96,97]. 
As commented above, Merli et al[39] found that the 
prevalence of overt HE was higher in patients with de
creased HS, suggesting a connection between strength 
and HE.

However, according to the ISHEN Consensus, skeletal 
muscle function is well associated with muscle mass 
only in men, and handgrip dynamometry would not be 
a reliable tool for appraising nutritional status in cirrhotic 
women. The degree of muscle loss caused by liver 
disease is different in each gender[32].

DEXA
The DEXA exam has received special attention because it 
is widely used to validate the results of body composition 

obtained by other methods, such as anthropometry and 
BIA. The procedure is based on measurement of body 
composition according to a model dividing the body 
elements in bone, fat, lean and bone-free lean masses, 
which can be distinct according to the energy photons 
passing through the body[98]. Additionally, radiation 
exposure is minimal with this technique[54,99]. The current 
guidelines recommend DEXA as a specific method for 
the diagnosis of malnutrition in liver diseases[1,32,49].

The DEXA exam allows assessment of fat-free mass 
and lean mass, which are technically different. Fat-
free mass is composed by non-fat constituents of the 
body, including a small part of the adipose tissue. On 
the other hand, lean mass is composed by non-adipose 
constituents, which includes the lipids found in the 
nervous tissue and in cell membranes[100].

Riggio et al[101] evaluated 22 cirrhotic patients without 
ascites and 16 matched healthy controls using the DEXA 
exam. The authors found that the patterns of soft tissue 
loss in cirrhotic patients vary according to the gender. 
In women, the fat stores are more reduced, while lean 
tissue is maintained, as in early starvation. In men, the 
loss of lean tissue is more prominent, as seen under 
conditions of stress[101]. This finding could explain the 
poor correlation between muscle mass and muscle 
strength in cirrhotic women, making HS not so adequate 
for evaluating cirrhotic women according to the ISHEN 
Consensus[32]. Furthermore, it is in agreement with the 
finding of a prior study in which MAMC values were 
dramatically more affected in male than in female 
cirrhotic patients, while loss of fat deposits based on TSF 
was more significant in females, as formerly presented 
in this review[48].

Another study employed DEXA to evaluate 53 
cirrhotic subjects, of whom only 30 seemed to be 
free of fluid retention. Results obtained by DEXA were 
compared with measurements from total body pota
ssium, BIA and skinfold anthropometry. The authors 
found a good association between total body fat 
obtained from anthropometry and DEXA, regardless 
the existence of ascites. Even so, they found some 
discrepancy between DEXA and the other methods[102].

According to a prior review about the role of DEXA 
in the evaluation of cirrhotic patients, one of the main 
advantages of this exam is the high reproducibility of the 
measurements, with fat variations of less than 1% in 
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Figure 1  Bland-Altman analysis and scatter graph of fat mass percentages obtained from 50 cirrhotic patients with hepatic encephalopathy. Despite the 
correlation obtained between the two methods, the differences were also significant. DEXA: Dual-energy X-ray absorptiometry; BIA: Bioelectrical impedance analysis.
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normal individuals. Accuracy errors are minor, amounting 
to 1.5% for quantifying lean mass. Additionally, the 
findings estimate the body compartments properly. Even 
so, a disadvantage is that fluid imbalances can change 
the X-ray passage, leading to an inappropriate appraisal 
of the lean mass[54].

DEXA allows obtainment of the ratio of the lean 
mass content divided by the square of the height, which 
is named fat-free mass index (FFMI). In a study of 108 
cirrhotic liver transplant candidates, muscle wasting 
detected by FFMI was an independent predictor of 
HE[103]. Estimating the content of body segments (upper 
and lower limbs and trunk), DEXA can also be used to 
calculate the appendicular muscle mass index (AMMI), 
which is obtained by dividing the sum of appendicular 
muscle mass of the four members (free of fat and bone 
tissue) by the square of the height[100,104]. The AMMI 
provides a precise estimation of muscle mass because 
it does not use bone density, which varies with age, 
ethnicity, and response to drugs[100]. It also disregards 
the trunk mass, which is commonly affected by fluid 
retention in cirrhotic patients.

According to AMMI values, the diagnosis of sarco
penia can be made when individuals present less than 
2 standard deviations from the healthy adults. The 
cutoff points were established as 7.26 kg/m2 and 5.45 
kg/m2 for men and women, respectively[43,44,104]. In 
the presence of sarcopenia associated with fat mass 
percentages higher than 27% for men or higher than 
38% for women, the diagnosis of sarcopenic obesity can 
be made[44,104,105]. AMMI is supposed to be very useful in 
studies about cirrhosis because it is not altered by fluid 
retention nor overweight status, focusing only on the fat-
free mass[95,106].

Additionally, DEXA screening is also important for 
assessing bone mass before the incidence of fractures 
in patients with cirrhosis, because bone mass reduction 
is frequent among them. Thus, AMMI and body com
position analysis can be obtained in the same exam 
performed to evaluate the bone mass.

Computed tomography scan
Recently, there has been a growing interest in employing 
a computed tomography (CT) scan to assess cirrhosis-
related lean mass depletion. One of the reasons is that 
cirrhotic patients are commonly submitted to this exam 
to evaluate liver nodules or other alterations previously 
detected by ultrasonography screening exams. In 
addition, CT can also be used to evaluate portosystemic 
shunts in HE patients in order to plan hemodynamic 
corrections, and another advantage is that CT allows 
obtainment of information on abdominal muscles that 
are not commonly accessible. In theory, it could be 
possible to assess body composition retrospectively from 
images previously registered. For instance, in a recent 
CT-based study to assess nutritional status of cirrhotic 
patients who are candidates for OLT, the authors 
commented that the CT scan is often implemented in 
such patients to appraise the blood vessels distribution 

into the liver, to study the biliary tree and for hepato
cellular carcinoma screening[106]. Furthermore, another 
aim of employing CT to evaluate body composition is 
that the transversal muscle thickness is associated with 
prognosis in these patients[107,108].

The measures are recorded by a single cross-
sectional image at the level of the third lumbar vertebra 
or between the vertebrae L3 and L4[106,109]. Skeletal 
muscle tissue can be identified among other tissues by 
density limits: A cutoff of 35 Hounsfield units (HU) is 
used to distinct muscle and fat, whereas the maximum of 
150 HU is used to separate muscle and bones, although 
the former limit can vary between the studies[91,106].

Thus, the exam allows calculating the third lumbar 
vertebra skeletal muscle index (L3 SMI), established 
as the muscle area contained in this axial plane divided 
by the square of the height. The cutoffs for sarcopenia 
in cirrhotic patients are 42 cm2/m2 and 50 cm2/m2 for 
women and men, respectively[110].

Hanai et al[109], in a retrospective study of 130 
cirrhotic patients submitted to CT exams, found that 
sarcopenia was significantly associated with mortality. Of 
interest, the authors suggested that the use of branched-
chain amino acids could improve survival of such 
patients, although the latter finding should be evaluated 
in prospective studies[109].

The possibility of measurements using previous 
exams make this method very attractive as a means 
of bringing more precision to the evaluations of body 
composition in cirrhotic patients. However, the use 
of ionizing radiation, the costs and the fact that the 
patient needs to be removed to the CT equipment are 
considerable limitations, especially when applied to 
patients with HE and/or CT is proposed to be repeated 
during the patient follow-up.

To facilitate choosing appropriately among the 
methods presented above according to the HE grade, 
Figure 2 summarizes some of the main points discussed 
about each method in relation to its advantages and 
limitations.

Other methods of nutritional assessment 
In addition to the aforementioned methods for the 
assessment of body composition, other multi-compart
mental techniques have been applied to cirrhotic 
patients, especially for scientific research.

Strauss et al[111] analyzed the usefulness of DEXA 
compared with a multi-compartmental model as a gold 
standard technique for evaluating body composition in 
198 cirrhotic patients. The fat-free mass in this model 
was calculated adding bone content obtained from DEXA 
plus body water quantified by D2O dilution and whole 
body protein quantified by in vivo neutron activation 
analysis (IVNAA). Consequently, fat mass was obtained 
subtracting fat-free mass from body weight. DEXA 
showed good accuracy and proved to be a suitable 
technique to evaluate fat-free mass and fat mass. The 
only restriction was that DEXA could not provide details 
on the water amount inside of the fat-free mass. It is 
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noteworthy that these patients presented overhydrated 
fat-free mass in both sexes, especially in women[111].

Figueiredo et al[112], in a study of 79 cirrhotic patients 
and 17 controls, compared nutritional evaluation based 
on anthropometry, SGA, albumin and lymphocytes with 
a multi-compartmental model combining DEXA and 
methods of dilution spaces (bromide and deuterium). 
The multi-compartment model was composed by total 
bone mineral mass, total body fat, extracellular water 
and body cell mass. Accordingly, the sum of these four 
variables corresponded to the body weight. The authors 
found that the two-compartment assessment was not 
sufficiently accurate to diagnose malnutrition nor to 
estimate the severity of this complication in cirrhotic 
patients[112].

The guidelines from the European Society for Clinical 
Nutrition and Metabolism in liver disease published 
in 1997 and 2006 encourage the use of total body 
potassium count, IVNAA and isotope dilution for accurate 
quantification of changes in body composition in cirrhotic 
patients[49,113]. The ISHEN consensus also recommends 
the usage of magnetic resonance imaging. However, the 
guidelines warn that while these methods are not biased 

by hepatic impairment and fluid imbalance, they can 
involve radiation and can be difficult to repeat during 
the patient follow up[32,49,113]. Additionally, specific studies 
employing these other methods in HE patients are still 
lacking.

Finally, in spite of the usage of methods based on 
laboratory tests to estimate the degree of liver impair
ment of cirrhotic patients with HE, they are inadequate 
to assess their nutritional status. For instance, in such 
patients the creatinine height index is less accurate, 
because muscle wasting can reduce creatinine levels 
whereas renal impairment can increase them[114].

CONCLUSION
HE is associated with many pathophysiological changes 
induced by liver disease and influenced by nutrition, such 
as ammonia accumulation and muscle wasting. Likewise, 
nutritional status has a big impact on outcomes of HE 
patients. The alterations in body composition induced 
by liver cirrhosis and the limitations superimposed by 
HE hamper the obtainment of an accurate nutritional 
assessment of these patients by a simple test. Fluid 

HE grades 3 and 4 HE grade 2 Covert HE (grade 1 and minimal)

Individual nutritional 
assessment can be 

performed according to 
the professional’s expertise 
until achieving a lower HE 

grade, compatible with 
a more comprehensive 

evaluation

Ability to cooperate during 
nutritional evaluation should be 
checked individually to choose 

the best approach. CT, DEXA and 
BIA should be avoided in cases 

of lack of collaboration, and 
in this situation the nutritional 

assessment can be performed as 
mentioned for HE grades 3 and 4

A comprehensive 
nutritional evaluation of 
body composition should 

be performed by DEXA, CT 
or BIA according to local 
expertise and availability

For routine assessment and 
where advanced resources 

are not available to the initial 
evaluation, anthropometric and 

handgrip strength measurements 
should be used. Different 

measures can be combined and 
associated with BIA according to 
local expertise and availability

CT is very useful as a first assessment. 
It can also be applied for screening 
of liver nodules and evaluation of 

portosystemic shunts, but radiation 
exposure should be always considered 

before repeating the exam

Anthropometric measurements such 
as AC and TSF should be performed in 

order to obtain MAMC and CAMA1, which 
are little influenced by water retention 
and overweight. This advantage is also 

obtained when APMT1 is measured.
Handgrip strength should be used 

because it is associated with nutritional 
status and prognosis

DEXA is another excellent option for the 
first assessment, and it is also useful 

for evaluating bone mineral density, but 
radiation exposure should be always 

considered before repeating the exam

BIA can be a good option not only for the first 
assessment but also for reevaluations. Multi-
frequency bioimpedance analysis should be 
preferred in order to achieve more accurate 

results. PA and BCM are important for having 
prognostic value in these patients

Figure 2  Proposal for choosing the best approaches during nutritional assessment of cirrhotic patients with hepatic encephalopathy. 1APMT and CAMA 
are also associated with nutritional status in many conditions, but were not well evaluated in patients with cirrhosis and HE. AC: Arm circumference; APMT: Adductor 
pollicis muscle thickness; BCM: Body cell mass; BIA: Bioelectrical impedance analysis; CAMA: Corrected arm muscle area; CT: Computed tomography scan; DEXA: 
Dual-energy X-ray absorptiometry; HE: Hepatic encephalopathy; MAMC: Mid-arm muscle circumference; PA: Phase angle; TSF: Triceps skinfold.
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retention, metabolic alterations and depletion in muscle 
and fat deposits should be carefully investigated, 
whereas sufficient knowledge on the advantages and 
drawbacks of the main methods used in this population 
is essential to achieve consistent results by combining 
different techniques to assemble detailed data. Further
more, for each method applied, it is important to reco
gnize which measures are more trustworthy and which 
should be interpreted with caution due to possible 
bias. Prior studies in cirrhotic populations indicated that 
some anthropometric, BIA, DEXA and CT data convey 
prognostic information, whereas other measures remain 
controversial when obtained in patients with fluid 
overload. Most of these studies in cirrhotic patients did 
not mention the HE rate among the subjects included, 
so that specific data from patients with HE are scarce.

Knowledge on HE pathophysiology and evidence of 
the prognostic impact of muscle wasting on cirrhosis 
make muscle mass and muscle function some of the 
main points to evaluate in cirrhotic patients with HE. 
Ideally, a comprehensive assessment should gather 
information on food intake, anthropometric data not 
influenced by fluid overload, measurement of lean mass 
and tests of muscle function. The addition of complex 
techniques to measure body composition in HE patients 
increases the need for patient collaboration, the time 
spent, the demand for health professionals and the cost, 
but is useful to validate bedside measurements and 
should be encouraged. According to the local availability 
of each method and the patient condition, nutritional 
evaluation should be frequent during the patient follow-
up, but the need to remove patients to the equipment 
room, the exposure to ionizing radiation and the costs 
can make the repetition of some of these methods less 
attractive. Therefore, some techniques can be combined 
to offer HE patients the safest and most cost-effective 
options, while maintaining the best accuracy in each 
nutritional evaluation.
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Abstract
Hepatitis B virus (HBV) is the most common cause of 
hepatitis worldwide, with nearly 350 million people 
chronically infected and 600000 deaths per year due 
to acute liver failure occurring during acute hepatitis 
or, more frequently, in HBV-related liver cirrhosis or 
hepatocellular carcinoma. Ongoing immigration from 
countries with a high HBV endemicity to those with a low 
HBV endemicity warrants particular attention to prevent 
the spread of HBV infection to the native population. 
This review article analyzes the epidemiology and 
virological and clinical characteristics of HBV infection 
in immigrant populations and in their host countries, 
and suggests prophylactic measures to prevent the 
spread of this infection. Among the immigrants from 
different geographical areas, those from South East Asia 
and sub-Saharan Africa show the highest prevalences 
of hepatitis B surface antigen (HBsAg) carriers, in 
accordance with the high endemicity of the countries 
of origin. The molecular characteristics of HBV infection 
in immigrants reflect those of the geographical areas 
of origin: HBV genotype A and D predominate in 
immigrants from Eastern Europe, B and C in those from 
Asia and genotype E in those from Africa. The literature 
data on the clinical course and treatment of HBsAg-
positive immigrants are scanty. The management of 
HBV infection in immigrant populations is difficult and 
requires expert personnel and dedicated structures for 
their assistance. The social services, voluntary operators 
and cultural mediators are essential to achieve optimized 
psychological and clinical intervention.

Key words: Hepatitis B virus infection; Chronic hepatitis 
B; Immigration; Immigrants; Developing countries
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Core tip: Extensive immigration from countries with a 
high hepatitis B virus (HBV) endemicity to those with 
a low HBV diffusion warrants particular attention to 
prevent the spread of HBV infection to the native popu
lation. This review article analyzes: (1) the prevalence 
of subjects with hepatitis B in screened immigrants; 
(2) the distribution of the HBV genotypes; (3) the cost 
effectiveness of screening immigrants for hepatitis B; 
and (4) the clinical and therapeutic approach.

Coppola N, Alessio L, Pisaturo M, Macera M, Sagnelli C, 
Zampino R, Sagnelli E. Hepatitis B virus infection in immigrant 
populations. World J Hepatol 2015; 7(30): 2955-2961  Available 
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i30/2955.
htm  DOI: http://dx.doi.org/10.4254/wjh.v7.i30.2955

INTRODUCTION
Due to numerous socio-economic and political crises 
that have occurred in Africa, Eastern Europe, Asia and 
South and Central America in recent decades, Western 
countries have become lands of immigration for citizens 
of these sub-continents. Immigrants are frequently poor, 
out of work, carry on the cultural and religious traditions 
of their country of origin and do not speak the language 
of the host country. One of the most important forces 
driving young and middle-aged adults to emigrate to 
a western country in search of work is the low income 
in their countries of origin. Consequently, the typical 
immigrant is a healthy young male who leaves his 
country in the hope of new opportunities to improve his 
living conditions[1]. This phenomenon is called “healthy 
migrant effect”, a kind of self-selection whereby only 
those subjects in good physical condition who are young 
and with enough initiative and psychological stability 
emigrate. For these subjects their good health is the 
only certainty to invest in their own future and in that of 
their family. Although in good clinical conditions, these 
subjects may carry asymptomatic chronic infections, 
such as those related to hepatitis B virus (HBV), 
hepatitis C virus (HCV) and human immunodeficiency 
virus (HIV), all widespread in low-income countries. 
In addition, political reasons often favor the flow of 
immigrants, such as dictatorships, persecution, war and 
genocide, all of which induce numerous families to seek 
freedom outside their country. 

The immigrant populations frequently move from 
geographical areas with intermediate or high HBV, HCV 
and HIV endemicity to countries where these infections 
have a low endemicity level. The high or intermediate 
endemicity in low-income countries is most frequently 
a consequence of scanty knowledge of the routes of 
transmission of these infections, due to a low level 
of schooling and difficulty obtaining information from 

the media[2]. In addition, tribal rituals may favor the 
parenteral spread of these infections in some countries. 
Concluding on this point, immigration from developing 
countries may influence the epidemiology of these 
infections in western countries, which can be controlled 
by improving the immigrants standard of life and by 
taking prophylactic measures in the host countries[3].

This review article analyzes the epidemiology of 
HBV infection in immigrant populations and in their 
host countries and suggests prophylactic measures to 
prevent the spread of this infection in western countries.

WORLDWIDE EPIDEMIOLOGY OF HBV 
INFECTION
HBV is the most common cause of hepatitis worldwide, 
with nearly 350 million people chronically infected[4] 
and 600000 deaths per year due to acute liver failure 
occurring during acute hepatitis or, more frequently, 
in HBV-related liver cirrhosis or hepatocellular car
cinoma[5-7]. HBV is mainly transmitted at birth from an 
infected mother to the newborn baby, by parenteral 
route mainly in adults (intravenous drug use, surgery, 
dialysis, tattooing and piercing) or by unsafe sexual 
intercourse. The spread of chronic HBV infection differs 
widely from one geographical area to another, and the 
prevalences of hepatitis B surface antigen (HBsAg) 
chronic carriers classify the level of endemicity as low 
(< 2%), intermediate (2%-7%) and high (> 8%) in 
different countries[7]. HBV endemicity is high in Asia, 
sub-Saharan Africa and Alaska, but enclaves with high 
rates of HBsAg chronic carriers have been discovered 
in Southern and Eastern Europe and South and Central 
America. The prevalence of the HBV chronic infection 
varies in European countries from 0.1% to 8.0%. In 
Italy, the HBsAg seroprevalence is around 1% and the 
incidence of acute hepatitis B registered in 2013 is one 
case per 100000 inhabitants, the new cases almost 
exclusively involving non-vaccinated adults infected by 
sexual route[8]. In the United States and Australia the 
prevalence of HBsAg chronic carriers is lower than 0.5%.

In geographical areas with a high prevalence of 
HBsAg chronic carriers, HBV infection is frequently trans
mitted at birth or during early childhood[4], while in areas 
with a low prevalence it is typically acquired during 
adulthood by percutaneous or sexual transmission[9]. 

HBV INFECTION IN IMMIGRANT 
POPULATIONS 
This review was prepared in accordance with the 
PRISMA guidelines. PubMed searches considered papers 
published between March 1974 and January 2015, 
and combined “Country” with the free-text search 
terms ‘‘hepatitis B, HBsAg’’ and ‘‘epidemiologic studies, 
prevalence, and seroprevalence’’ and ‘‘immigrants, 
foreigners and refugees’’.

The studies included in this review reported original 
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data on the HBsAg seroprevalence in immigrants. The 
data on the immigrants’ status was classified in the 
following categories: Immigrants, refugees, asylum 
seekers. We excluded studies on acute hepatitis B in 
immigrants.

The data on the study design, decade of study, 
immigrant status, immigrants’ region of origin, mean or 
median age, gender distribution, co-morbidities, method 
of participant identification for the study, and serological 
testing method used were also extracted. The method 
of participant selection was categorized as occurring in 
reception centers at the time of arrival, in the context 
of a clinic or hospital visit, screening or others situations 
(i.e. screening studies in general host populations that 
included a subset of immigrants or studies which invited 
certain immigrant groups to be screened).

A total of 273 citations were identified in the elec
tronic search. After screening the titles and abstracts, 
245 were excluded because they were considered 
irrelevant and 5 were duplicated. A total of 23 articles 
were assessed with the predefined eligibility criteria and 
included in this review.

In these studies we evaluated: (1) the prevalence 
of subjects with hepatitis B in screened immigrants; 
(2) the distribution of the HBV genotypes; (3) the cost 
effectiveness of screening immigrants for hepatitis B; 
and (4) the clinical and therapeutic approach.

Prevalence of HBV infection in immigrants
The 23 selected articles involved 27948420 immigrants 
from several geographical regions (Table 1). All studies 
but two were prospective and evaluated the demo
graphic, epidemiological and clinical data from immigrant 
screening programs performed in countries with a low 
HBV endemicity.

Among immigrants from different geographical 
areas, those from South East Asia (0%-27.3%) and 
sub-Saharan Africa (0%-15%) showed the highest 
prevalences of HBsAg carriers, in accordance with the 
high endemicity of the countries of origin (Table 2).

McCarthy et al[10] observed 15421 immigrants at 41 
GeoSentinel clinics and found that 17% of the cases 
were HBV chronic. 

Studies performed in Western Europe: The HBsAg 
seroprevalence in sub-Saharan immigrants ranged 
from 7.4% to 13.9% in four Italian studies[11-14] and 
was 8% and 15% in two studies from Spain[15,16], but 
another Italian study showed a prevalence of 3.7%[17]. 

Italy is a land of immigration also from Eastern Europe, 
and immigrants from this subcontinent living in Italy 
showed HBsAg-positivity rates ranging from 6.94% to 
36.7%[11,14,17]. High prevalences were also observed 
in Albanian refugees in two Greek studies, 11.7% and 
15.3%, respectively[18,19]. In Germany the Turkish com
munity accounts for about 20% of the whole population, 
with an HBsAg prevalence of 5%[20]. In studies carried 
out in England and Holland the Chinese immigrants 
showed a percentage of HBV chronic carriers of 8.5% 
and 8.7%, respectively[21,22].

Studies performed in North America: Several 
American studies screened subjects from Asia (China, 
Pakistan, Afghanistan, Vietnam, Cambodia, Laos)[23-29]. 
The study by Mitchell et al[25] is an impressive retro
spective investigation that tested for the HBsAg pre
valence the immigrants to the United States from 1974 
to 2008 (Table 2). Nearly 27 million immigrants from 
225 countries were examined. The largest geographical 
subgroup came from Latin American countries (13 
million cases) and the smallest from African countries 
(940000 cases). The percentage of HBsAg-positive 
immigrants was 1.6% in those from Latin America, 
11.1% in those from South Africa, 5% in those from the 
Mediterranean countries, 2.9% from Europe, 4% from 
South East Asia and 11% from The Pacific countries.

Studies performed in Australia: At present, immigrant 
populations come to Australia prevalently from countries 
of South-East Asia. Caruana et al[30] screened 95 Laotian 
and 236 Cambodian immigrants, of whom 9.5% of the 
Laotians and 8% of the Cambodians were HBV chronic 
carriers. Most of the HBsAg-positive subjects were 
unaware of their HBV status. Further studies are needed 
to extend the knowledge of the impact of immigration 
on the HBV endemicity in Australia.

HBV Genotypes in immigrants
The molecular characteristics of HBV infection in 
immigrants reflect those of their geographical areas of 
origin. HBV genotyping in immigrants was investigated 
only in small studies (Table 3). Mixson-Hayden et 
al[23] studied immigrants from Asia and Somalia and 
detected HBV genotypes B and C in 90% of subjects 
with chronic hepatitis B. Rivas et al[15] studied 34 HBV 
viremic patients from Equatorial Guinea and other 
sub-Saharan countries and found HBV genotype A in 
22, genotype E in 10, and genotype D in 2. El-Hamad 
et al[17] investigated 45 immigrants and found that 
HBV genotype D predominated in those from Eastern 
Europe, HBV genotypes B and C in those from Asia, 
genotype A in those from India and genotype E in those 
from West Africa. Scotto et al[11] evaluated 144 HBV-
DNA-positive immigrants, prevalently from Africa, and 
identified 65 (45.1%) with HBV genotype E, 26 (18.1%) 
with D, 22 (15.3%) with B, 19 (13.2%) with C and 12 
(8.3%) with A.
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Table 1  Studies and immigrants screened, according to the 
geographical area of origin

Region No. of studies No. of immigrants investigated

Eastern Europe   8    4163402
Africa 13      959046
Latin America   5 130003914
Asia 17     8468256
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Table 2  Prevalence of hepatitis B virus infection in immigrant populations

Ref. Country Type of study No. of patients1 Area of origin and percentage (%) HBsAg positive (%)

Roussos et al[18] Greece Prospective           130 Eastern Europe: 86  15.33

Asia: 8.5 27.3
Africa: 6.2                    0

Caruana et al[30] Australia Prospective           329 South east Asia Laos 9.5
(Laos and Cambodia) Cambodia 8

Toro et al[16] Spain Prospective         1303 Latin America: 46                    0
Sub-Saharan Africa: 23.7                  15

Eastern Europe: 9.4                    0
Northern Africa: 9.2   3.2

Asia: 4.9 Unknown
Hislop et al[29] Canada Prospective           504 China: 100                    6
Majori et al[13] Italy Prospective           182 Sub-Saharan Africa: 100   9.3
Museru et al[24] United States Retrospective         9570 Asia: 24  10.72

Africa: 71
Eastern Europe: 4

Tafuri et al[12] Italy Prospective           529 Africa: 96.4   8.3
Asia: 3.6                    0

Milionis et al[19] Greece Prospective           504 Albania: 100 11.7
Lee et al[27] United States Prospective           567 Asia: 100                    6
Levy et al[26] United States Prospective           684 South America: 96.4   0.3

        1502 Asia: 7.7   3.8
Mitchell et al[25] United States Retrospective 27900000 Latin America: 46.6   1.6

Africa: 3.36 11.1
Mediterranean countries: 6                    5

Europe: 14.3   2.9
South East Asia: 6.6                    4

Pacific Countries: 23.7                  11
Kallman et al[28] United States Prospective           322 Vietnam: 100   9.3
Veldhuijzen et al[22] Holland Prospective         1090 China: 100   8.5
Rivas et al[15] Spain Retrospective         1493 Sub-Saharan Africa: 100   8.4
McCarthy et al[10] Canada, Europe, 

United States, 
Australia, New 

Zeland

Retrospective       15421 Africa: 41 12.5
Asia: 35.8 11.7

South America: 16.1                    2
Eastern Europe: 4                    0

Vedio et al[21] United Kingdom Prospective           229 China: 100   8.7
Zuure et al[38] The Netherlands Prospective           465 Egypt: 100   1.1
Richter et al[39] The Netherlands Prospective           959 Eastern Asia: 100   2.2
Burgazli et al[20] Germany Prospective         1287 Turkey: 100                    5
Mixson-Hayden et al[23] United States Prospective         4890 Somalia: 14.5    5.54

Asia: 86.5    6.84

El-Hamad et al[17] Italy Prospective         3728 North Africa: 12.4   2.8
Eastern Europe: 44   6.9

Sub-Saharan Africa: 21.4   3.7
Asia: 16.8 (37 China)   3.4

Central-South America: 5.4   3.3
Coppola et al[14] Italy Prospective           882 Northern Africa: 9   2.5

Sub-Saharan Africa: 50.3 13.9
Eastern Europe: 22   6.2

India-Pakistan Area: 14.3   3.2

1Estimated cases; 2It is not possible to differentiate for geographical area of origin; 3Albania 22.4%; 4HBV-DNA-positive. HBsAg: Hepatitis B surface antigen; 
HBV: Hepatitis B virus.

Table 3  Prevalence of hepatitis B virus genotype in immigrant populations  n  (%)

Ref. No. of HBV-DNA-
positive patients (%)

HBV 
genotype A

HBV 
genotype B

HBV 
genotype C

HBV 
genotype D

HBV 
genotype E

HBV 
genotype F

HBV 
genotype G

Toro et al[16] 43 (81)  15 (34.9) - -    16 (37.2) 10 (23.2) - 1 (2.3)
Scotto et al[11]  144 (75.4) 12 (8.3)4   22 (15.3)   19 (13.2)    26 (18.1)   65 (45.13)
Rivas et al[15]     40 (52.6)2   22 (64.7)3 - - 2 (5)     10 (25) - -
Zuure et al[38]     5 (100) - - -  5 (100) - -
Mixson-Hayden et al[23]   331 (12.1)1  9 (2.7) 164 (49.5) 137 (41.4) - - - 1 (0.3)
El-Hamad et al[17] 45 (27) 8 (18)  5 (11)  5 (11) 27 (60)

1Twenty specimens could not be genotyped; 2Six specimens could not be genotyped; 3Five subjects presented mixed genotypes (A/D); 4Four subjects 
presented mixed genotypes (2 A/D; 2 A/F). HBV: Hepatitis B virus.
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The flow of immigrants may modify the distribution 
of HBV genotype in host countries with a low endemicity, 
since the immigrants frequently come from countries 
with a high or intermediate HBV endemicity. An example 
of this has occurred in Italy, where HBV genotype D 
was responsible for acute hepatitis B in 95% of cases 
observed until two decades ago, whereas in recent years 
HBV genotypes non-D has been found to be responsible 
for 60% of the cases[31]. This phenomenon is of clinical 
value, since some studies reported that the natural 
history and the response to antiviral treatment of HBV 
infection may differ in relation to the HBV genotypes[32]. 

Clinical and therapeutic approach in relation to the legal 
status of the immigrants
The literature data on the clinical course and treatment 
of HBsAg-positive immigrants are scanty. Interesting 
information, however, comes from a study performed 
on a Chinese community in Rotterdam in the Nether
lands[22] where 1090 Chinese immigrants were tested 
for HBsAg and 92 (8.5%) were found positive. Of these 
92, the 35 (38%) with chronic hepatitis were referred to 
a specialist and 15 of them started antiviral treatment, 
whereas the 57 (62%) HBsAg asymptomatic carriers 
were referred to general practitioners for a long-term 
follow-up. The good clinical practice applied in this study 
is a good example to imitate in host countries. Instead, 
in most host countries the management of HBV infection 
in the immigrant population is a complex issue, due to 
bureaucratic difficulties and to the numerous language, 
economic, social, religious and cultural barriers the 
immigrants finding a foreign country.

Risk for host countries and cost effectiveness of 
screening immigrants for hepatitis B 
Extensive immigration from countries with a high HBV 
endemicity to those with a low HBV endemicity requires 
vigilance to prevent the risk of spreading HBV infection 
to the native population. In fact, in most western 
countries, apart from the vaccination of subjects with 
a greater risk of acquiring HBV infection, universal 
vaccination now regards only newborn babies and, 
consequently, the majority of middle-aged adults and 
the elderly lack immunological protection against HBV. 
Extensive screening programs should be implemented 
to identify the HBsAg-positive immigrants and acquaint 
them with the correct information on HBV, its routes of 
transmission and prevention. HBV vaccination should 
be offered free of charge to the household members of 
HBsAg carriers.

Veldhuijzen et al[22] in Holland used an interesting 
screening strategy. In a 3-mo campaign targeting the 
Chinese community in Rotterdam with free HBV-testing 
at an outdoor location, 49% of 1090 immigrants had 
positive serology for a past or current HBV infection. The 
Chinese community organizations gave their support to 
the campaign, which started at the time of celebrations 
for the Chinese New Year. Ninety-two HBsAg-positive 
subjects were invited by telephone in their native 

language for clinical consultation and counseling. 
In an Italian prospective study, 926 illegal or refu

gee immigrants were observed for a clinical consul
tation at a first-level clinical center with the help of 
cultural mediators[14]. During the clinical consultation, 
screening for HBV, HCV and HIV infections offered to 
all immigrants was accepted by 95% of them. The 81 
subjects found to be HBsAg-positive were referred to 
a 3rd level clinic of infectious diseases to complete the 
diagnostic procedures and be considered for a clinical or 
therapeutic follow-up.

A particular screening strategy, based on a peer-to-
peer communication, was applied in nine Italian prisons, 
where more than one third of the prisoners were immi
grants. Briefly, a former prisoner acquainted with the 
correct information on HBV, HCV and HIV infections 
and correlated diseases and treatments acted as a 
peer educator for the inmates in the nine prisons. The 
sampling, performed on a voluntary basis, improved 
the percentages of screened prisoners from 25%-30% 
of the previous year to 65%. Active HBV infection was 
diagnosed in 15.2% of the immigrant inmates[33]. 

Of 1970 immigrant pregnant women recently 
screened in an Italian study, 143 (7.3%) were found to 
be HBsAg-positive and screening for HBsAg was offered 
also to their family members. All immigrants found to be 
HBsAg-positive in this study were referred to a unit of 
infectious diseases to complete the diagnostic procedures 
and be considered for a clinical and therapeutic follow-up 
(unpublished data).

CONCLUSION
People fleeing from cruel wars and/or extreme need 
are often destitute, but the current social and economic 
crises in some western countries do not favor their 
integration in the host country[34]. Correct management 
of the healthcare problems of immigrants requires 
expert personnel, funds and dedicated structures for 
their assistance. The experience of personnel on HBV 
infection is essential, also considering the suggestion of 
literature; in fact, recently in a survey on the knowledge 
on HBV infection in physicians in various stages of 
their training in Santa Clara, California, United States, 
Chao et al[35] demonstrated that both medical school 
and residency training had no adequately prepared 
physicians on the management of HBV infection. 

Moreover, the assistance of the social services, 
voluntary operators and cultural mediators is essential 
to obtain an optimized psychological and clinical 
approach[36,37]. The first-level clinical centers that usually 
have the initial clinical contact with immigrants should 
have proven experience in the clinical, psychological 
and legal management of vulnerable groups, since 
HBV infection is only part of a global social and clinical 
problem. The role of the cultural mediators during 
clinical consultations is of great importance, since they 
can reassure the immigrants in their own language and 
be of help to a skilled physician in explaining to them 

Coppola N et al . HBV in immigrants



2960 December 28, 2015|Volume 7|Issue 30|WJH|www.wjgnet.com

the importance of screening, diagnostic tests, clinical 
follow-up and treatment. Only if trust is established, 
will the immigrants listen and follow the suggestions 
put forward. The cultural mediators can also act as 
tutors to help the immigrants deal with the bureaucratic 
requirements to be carried out. 

Information to immigrants is a key point. As regards 
HBV infection, they should improve their knowledge 
on the infection and related diseases, risk factors 
of transmission, methods for prevention including 
vaccination programs and available treatments. This 
information could be more easily delivered in illustrative 
brochures and informative cartoons prepared in different 
languages and with educational videos uploaded on the 
social networks (facebook, twitter, etc.). It is of great 
importance to stress the practical measures to prevent 
the acquisition and transmission of HBV and other 
infectious agents. The importance of condom use in 
preventing HBV transmission during sexual intercourse 
should always be stressed.

Healthcare operators offering the immigrants HBV 
screening free of charge, and hopefully for HCV and 
HIV infection, should act in accordance with the local 
laws of privacy. Adhesion to the screening and a signed 
informed consent, written in the immigrant’s native 
language, should be obtained on a voluntary basis. 
Patients should be asked about their geographical origin, 
time of immigration, level of education, religion, family 
history, cohabitation conditions, sexual habits, history 
of previous surgery, dental care, tattooing, piercing, 
drug addiction, blood transfusion and tribal rituals, and 
for females previous abortions. These data should be 
recorded in a pre-coded questionnaire.

A skilled physician should discuss the result of the 
screening with the help of a cultural mediator, and the 
HBsAg-positive subjects should be referred to a 3rd level 
liver unit to complete the diagnostic course, clinical 
evaluation, monitoring and treatment if necessary. Each 
HBsAg-positive subject should be assisted by a cultural 
mediator at the 3rd level clinical center throughout the 
monitoring or treatment period. Vaccination against 
HBV should be considered for each HBsAg-negative 
subject exposed to HBV infection.

In conclusion, the integration of immigrants in the 
host country where they will start a new life should be 
a major objective of governments and those working in 
dedicated associations. Good quality medical care and 
improved quality of life are the first steps to ensuring 
integration.

REFERENCES 
1	 Hatton TJ, Williamson JG. Demographic and Economic Pressure 

on Emigration out of Africa. Scand. J of Economics 2003; 105: 
465-486 [DOI: 10.1111/1467-9442.t01-2-00008]

2	 Sidibé M. Putting education first. Available from: URL: http://
www.huffingtonpost.com/michel-sidib/aids-education_b_1915767.
html

3	 Rossi C, Shrier I, Marshall L, Cnossen S, Schwartzman K, Klein 
MB, Schwarzer G, Greenaway C. Seroprevalence of chronic 

hepatitis B virus infection and prior immunity in immigrants and 
refugees: a systematic review and meta-analysis. PLoS One 2012; 7: 
e44611 [PMID: 22957088 DOI: 10.1371/journal.pone.0044611]

4	 World Health Organization. Hepatitis B. World Health Organi
zation Fact Sheet No. 204. [Accessed 2005 Jun 5]. Available from: 
http://who.int/mediacentre/factsheets/fs204/en

5	 Sagnelli E, Stroffolini T, Mele A, Imparato M, Almasio PL. Chronic 
hepatitis B in Italy: new features of an old disease--approaching 
the universal prevalence of hepatitis B e antigen-negative cases and 
the eradication of hepatitis D infection. Clin Infect Dis 2008; 46: 
110-113 [PMID: 18171224 DOI: 10.1086/524074]

6	 Sagnelli E, Stroffolini T, Mele A, Imparato M, Sagnelli C, Coppola 
N, Almasio PL. Impact of comorbidities on the severity of chronic 
hepatitis B at presentation. World J Gastroenterol 2012; 18: 
1616-1621 [PMID: 22529690 DOI: 10.3748/wjg.v18.i14.1616]

7	 Sagnelli E, Sagnelli C, Pisaturo M, Macera M, Coppola N. 
Epidemiology of acute and chronic hepatitis B and delta over the 
last 5 decades in Italy. World J Gastroenterol 2014; 20: 7635-7643 
[PMID: 24976701 DOI: 10.3748/wjg.v20.i24.7635]

8	 Sagnelli E, Stroffolini T, Mele A, Almasio P, Coppola N, Ferrigno 
L, Scolastico C, Onofrio M, Imparato M, Filippini P. The 
importance of HCV on the burden of chronic liver disease in Italy: 
a multicenter prevalence study of 9,997 cases. J Med Virol 2005; 
75: 522-527 [PMID: 15714480 DOI: 10.1002/jmv.20313]

9	 Lavanchy D. Hepatitis B virus epidemiology, disease burden, 
treatment, and current and emerging prevention and control 
measures. J Viral Hepat 2004; 11: 97-107 [PMID: 14996343 DOI: 
10.1046/j.1365-2893.2003.00487.x]

10	 McCarthy AE, Weld LH, Barnett ED, So H, Coyle C, Greenaway 
C, Stauffer W, Leder K, Lopez-Velez R, Gautret P, Castelli F, 
Jenks N, Walker PF, Loutan L, Cetron M. Spectrum of illness in 
international migrants seen at GeoSentinel clinics in 1997-2009, 
part 2: migrants resettled internationally and evaluated for specific 
health concerns. Clin Infect Dis 2013; 56: 925-933 [PMID: 
23223602 DOI: 10.1093/cid/cis1016]

11	 Scotto G, Martinelli D, Di Tullio R, Fazio V. Epidemiological 
and Clinical Features of Hepatitis B Virus Genotypes among 
Immigrants in Southern Italy. Hepat Res Treat 2010; 2010: 878356 
[PMID: 21188202 DOI: 10.1155/2010/878356]

12	 Tafuri S, Prato R, Martinelli D, Melpignano L, De Palma M, 
Quarto M, Germinario C. Prevalence of Hepatitis B, C, HIV and 
syphilis markers among refugees in Bari, Italy. BMC Infect Dis 
2010; 10: 213 [PMID: 20646306 DOI: 10.1186/1471-2334-10-213]

13	 Majori S, Baldo V, Tommasi I, Malizia M, Floreani A, Monteiro G, 
Ferrari A, Accordini A, Guzzo P, Baldovin T. Hepatitis A, B, and 
C infection in a community of sub-Saharan immigrants living in 
Verona (Italy). J Travel Med 2008; 15: 323-327 [PMID: 19006505 
DOI: 10.1111/j.1708-8305.2008.00230.x]

14	 Coppola N, Alessio L, Gualdieri L, Pisaturo M, Sagnelli C, Caprio 
N, Maffei R, Starace M, Angelillo IF, Pasquale G, Sagnelli E. 
Hepatitis B virus, hepatitis C virus and human immunodeficiency 
virus infection in undocumented migrants and refugees in southern 
Italy, January 2012 to June 2013. Euro Surveill 2015; 20: [PMID: 
26530499 DOI: 10.2807/1560-7917.ES.2015.20.35.30009]

15	 Rivas P, Herrero MD, Poveda E, Madejón A, Treviño A, Gutiérrez 
M, Ladrón de Guevara C, Lago M, de Mendoza C, Soriano V, Puente 
S. Hepatitis B, C, and D and HIV infections among immigrants from 
Equatorial Guinea living in Spain. Am J Trop Med Hyg 2013; 88: 
789-794 [PMID: 23339201 DOI: 10.4269/ajtmh.12-0319]

16	 Toro C, Jiménez V, Rodríguez C, Del Romero J, Rodés B, Holguín 
A, Alvarez P, García-Campello M, Gómez-Hernando C, Guelar 
A, Sheldon J, de Mendoza C, Simón A, Soriano V. Molecular and 
epidemiological characteristics of blood-borne virus infections 
among recent immigrants in Spain. J Med Virol 2006; 78: 
1599-1608 [PMID: 17063510 DOI: 10.1002/jmv.20744]

17	 El-Hamad I, Pezzoli MC, Chiari E, Scarcella C, Vassallo F, Puoti 
M, Ciccaglione A, Ciccozzi M, Scalzini A, Castelli F. Point-of-care 
screening, prevalence, and risk factors for hepatitis B infection 
among 3,728 mainly undocumented migrants from non-EU 
countries in northern Italy. J Travel Med 2015; 22: 78-86 [PMID: 

Coppola N et al . HBV in immigrants



2961 December 28, 2015|Volume 7|Issue 30|WJH|www.wjgnet.com

25424439 DOI: 10.1111/jtm.12176]
18	 Roussos A, Goritsas C, Pappas T, Spanaki M, Papadaki P, Ferti A. 

Prevalence of hepatitis B and C markers among refugees in Athens. 
World J Gastroenterol 2003; 9: 993-995 [PMID: 12717844]

19	 Milionis C. Serological markers of Hepatitis B and C among 
juvenile immigrants from Albania settled in Greece. Eur J Gen 
Pract 2010; 16: 236-240 [PMID: 20954813 DOI: 10.3109/138147
88.2010.525631]

20	 Burgazli KM, Mericliler M, Sen C, Tuncay M, Gökce Y, Nayir 
B, Klör HU, Sinterhauf K, Karatay E, Bilgin Y. The prevalence of 
hepatitis B virus (HBV) among Turkish immigrants in Germany. 
Eur Rev Med Pharmacol Sci 2014; 18: 869-874 [PMID: 24706312]

21	 Vedio AB, Ellam H, Rayner F, Stone B, Kudesia G, McKendrick 
MW, Green ST. Hepatitis B: report of prevalence and access to 
healthcare among Chinese residents in Sheffield UK. J Infect 
Public Health 2013; 6: 448-455 [PMID: 23999342 DOI: 10.1016/
j.jiph.2013.05.004]

22	 Veldhuijzen IK, Wolter R, Rijckborst V, Mostert M, Voeten HA, 
Cheung Y, Boucher CA, Reijnders JG, de Zwart O, Janssen HL. 
Identification and treatment of chronic hepatitis B in Chinese 
migrants: results of a project offering on-site testing in Rotterdam, 
The Netherlands. J Hepatol 2012; 57: 1171-1176 [PMID: 22885717 
DOI: 10.1016/j.jhep.2012.07.036]

23	 Mixson-Hayden T, Lee D, Ganova-Raeva L, Drobeniuc J, Stauffer 
WM, Teshale E, Kamili S. Hepatitis B virus and hepatitis C virus 
infections in United States-bound refugees from Asia and Africa. 
Am J Trop Med Hyg 2014; 90: 1014-1020 [PMID: 24732462 DOI: 
10.4269/ajtmh.14-0068]

24	 Museru OI, Vargas M, Kinyua M, Alexander KT, Franco-Paredes 
C, Oladele A. Hepatitis B virus infection among refugees resettled 
in the U.S.: high prevalence and challenges in access to health care. 
J Immigr Minor Health 2010; 12: 823-827 [PMID: 20204515 DOI: 
10.1007/s10903-010-9335-7]

25	 Mitchell T, Armstrong GL, Hu DJ, Wasley A, Painter JA. The 
increasing burden of imported chronic hepatitis B--United States, 
1974-2008. PLoS One 2011; 6: e27717 [PMID: 22163270 DOI: 
10.1371/journal.pone.0027717]

26	 Levy V, Yuan J, Ruiz J, Morrow S, Reardon J, Facer M, Molitor F, 
Allen B, Ajufo BG, Bell-Sanford G, McFarland W, Raymond HF, 
Kellogg T, Page K. Hepatitis B sero-prevalence and risk behaviors 
among immigrant men in a population-based household survey 
in low-income neighborhoods of northern California. J Immigr 
Minor Health 2010; 12: 828-833 [PMID: 19319680 DOI: 10.1007/
s10903-009-9239-6]

27	 Lee J, Lok AS, Chen J. Hepatitis B prevalence among Asian 
Americans in Michigan: an assessment to guide future education 
and intervention strategies. J Community Health 2010; 35: 534-542 
[PMID: 20300810 DOI: 10.1007/s10900-010-9237-6]

28	 Kallman JB, Tran S, Arsalla A, Haddad D, Stepanova M, Fang 
Y, Wrobel VJ, Srishord M, Younossi ZM. Vietnamese community 
screening for hepatitis B virus and hepatitis C virus. J Viral Hepat 
2011; 18: 70-76 [PMID: 20196807 DOI: 10.1111/j.1365-2893.201
0.01278.x]

29	 Hislop TG, Teh C, Low A, Li L, Tu SP, Yasui Y, Taylor VM. 
Hepatitis B knowledge, testing and vaccination levels in Chinese 
immigrants to British Columbia, Canada. Can J Public Health 
2007; 98: 125-129 [PMID: 17441536]

30	 Caruana SR, Kelly HA, De Silva SL, Chea L, Nuon S, Saykao 
P, Bak N, Biggs BA. Knowledge about hepatitis and previous 
exposure to hepatitis viruses in immigrants and refugees from the 
Mekong Region. Aust N Z J Public Health 2005; 29: 64-68 [PMID: 
15782875 DOI: 10.1111/j.1467-842X.2005.tb00751.x]

31	 Zuccaro O, Romanò L, Mele A, Mariano A, Clementi M, Tosti 
ME, Taliani G, Galli C, Zanetti AR, Spada E. Clinical, epidemio
logical and virological features of acute hepatitis B in Italy. 
Infection 2015; 43: 431-441 [PMID: 25697541]

32	 Mayerat C, Mantegani A, Frei PC. Does hepatitis B virus (HBV) 
genotype influence the clinical outcome of HBV infection? J 
Viral Hepat 1999; 6: 299-304 [PMID: 10607244 DOI: 10.1007/
s15010-015-0747-0]

33	 Sagnelli E, Starnini G, Sagnelli C, Monarca R, Zumbo G, Pontali 
E, Gabbuti A, Carbonara S, Iardino R, Armignacco O, Babudieri 
S. Blood born viral infections, sexually transmitted diseases and 
latent tuberculosis in italian prisons: a preliminary report of a 
large multicenter study. Eur Rev Med Pharmacol Sci 2012; 16: 
2142-2146 [PMID: 23280032]

34	 Robert G, Martínez JM, García AM, Benavides FG, Ronda E. 
From the boom to the crisis: changes in employment conditions 
of immigrants in Spain and their effects on mental health. Eur J 
Public Health 2014; 24: 404-409 [PMID: 24632339 DOI: 10.1093/
eurpub/cku020]

35	 Chao SD, Wang BM, Chang ET, Ma L, So SK. Medical training 
fails to prepare providers to care for patients with chronic hepatitis 
B infection. World J Gastroenterol 2015; 21: 6914-6923 [PMID: 
26078568 DOI: 10.3748/wjg.v21.i22.6914]

36	 Tarricone I, Atti AR, Salvatori F, Braca M, Ferrari S, Malmusi D, 
Berardi D. Psychotic symptoms and general health in a socially 
disadvantaged migrant community in Bologna. Int J Soc Psychiatry 
2009; 55: 203-213 [PMID: 19383664 DOI: 10.1177/00207640080
93445]

37	 Tarricone I, Atti AR, Braca M, Pompei G, Morri M, Poggi F, 
Melega S, Stivanello E, Tonti L, Nolet M, Berardi D. Migrants 
referring to the Bologna Transcultural Psychiatric Team: reasons 
for drop-out. Int J Soc Psychiatry 2011; 57: 627-630 [PMID: 
20851829 DOI: 10.1177/0020764010382368]

38	 Zuure FR, Bouman J, Martens M, Vanhommerig JW, Urbanus 
AT, Davidovich U, van Houdt R, Speksnijder AG, Weegink CJ, 
van den Hoek A, Prins M. Screening for hepatitis B and C in first-
generation Egyptian migrants living in the Netherlands. Liver Int 
2013; 33: 727-738 [PMID: 23448397 DOI: 10.1111/liv.12131]

39	 Richter C, Ter Beest G, Gisolf EH, VAN Bentum P, Waegemaekers 
C, Swanink C, Roovers E. Screening for chronic hepatitis B and 
C in migrants from Afghanistan, Iran, Iraq, the former Soviet 
Republics, and Vietnam in the Arnhem region, The Netherlands. 
Epidemiol Infect 2014; 142: 2140-2146 [PMID: 24398373 DOI: 
10.1017/S0950268813003415]

P- Reviewer: Ma L, Wang L, Zamani F    S- Editor: Kong JX    
L- Editor: A    E- Editor: Liu SQ

Coppola N et al . HBV in immigrants



Neel Malhotra, Melanie D Beaton

Neel Malhotra, Melanie D Beaton, Department of Medicine, 
Division of Gastroenterology, Western University, London, ON 
N6A 3A5, Canada

Melanie D Beaton, London Health Sciences Centre, University 
Hospital, London, ON N6A 5A5, Canada

Author contributions: Malhotra N and Beaton MD analyzed 
the literature and wrote the manuscript.

Conflict-of-interest statement: The authors have no conflict of 
interest to report.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Dr. Melanie D Beaton, London Health 
Sciences Centre, University Hospital, Room A10-223, 339 
Windermere Road, London, ON N6A 5A5, 
Canada. melanie.beaton@lhsc.on.ca
Telephone: +1-519-6633344
Fax: +1-519-6633220
 
Received: June 25, 2015
Peer-review started: June 26, 2015
First decision: September 8, 2015
Revised: September 25, 2015
Accepted: December 17, 2015
Article in press: December 18, 2015
Published online: December 28, 2015

Abstract
There is no single pharmacologic therapy that has 
been approved to treat nonalcoholic fatty liver disease 
in the general population. The backbone of therapy 
currently includes intensive lifestyle modification with 

established targets for diet and weight loss. The use 
of unsweetened, unfiltered coffee along with limiting 
high fructose corn syrup have emerged as beneficial 
dietary recommendations. The use of empiric oral 
hypoglycemic agents and vitamin E, however, has not 
been widely accepted. Developing bariatric surgical 
techniques are promising, but additional studies with 
long-term follow up are needed before it can be widely 
recommended. Finally, liver transplantation is an increas
ingly frequent consideration once complications of end-
stage disease have developed. The future treatment 
of those with nonalcoholic fatty liver disease will likely 
involve a personalized approach. The importance of the 
gut microbiome in mediating hepatocyte inflammation 
and intestinal permeability is emerging and may offer 
avenues for novel treatment. The study of anti-fibrotic 
agents such as pentoxifylline and FXR agonists hold 
promise and new pathways, such as hepatocyte canna
binoid receptor antagonists are being studied. With 
the incidence of obesity and the metabolic syndrome 
increasing throughout the developed world, the future 
will continue to focus on finding novel agents and new 
applications of existing therapies to help prevent and 
to mediate the progression of nonalcoholic fatty liver 
disease. 

Key words: Lobular inflammation; Non-alcoholic fatty 
liver disease; Non-alcoholic steatohepatitis; Liver fibrosis
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Core tip: Lifestyle modification with diet and exercise 
remain the mainstay of therapy for nonalcoholic 
fatty liver disease. Loss of at least 7%-10% of body 
weight with limiting high fructose corn syrup and high-
saturated/high glycemic index foods should be combined 
with regular, vigorous physical activity. The future of 
treatment will continue to evolve and likely include the 
role of anti fibrotic agents, surgical management and 
transplantation when indicated. 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a form of 
chronic hepatitis that affects a wide range of individuals. 
It is estimated that up to 95 million adults in the United 
States have been affected and that the prevalence will 
continue to increase[1]. The most common documented 
comorbidities that have been associated with NAFLD 
include obesity, impaired insulin sensitivity and dyslipi
demia. There is growing evidence that there is also a
connection to a number of other disorders including 
obstructive sleep apnea, hypothyroidism, hypopituita
rism, hypogonadism and polycystic ovarian syndrome[2]. 

NAFLD exists as a spectrum and is best characterized 
histologically. Important features include steatosis, 
inflammation, hepatocellular ballooning and fibrosis. 
NAFLD can be classified as non-alcoholic fatty liver (NAFL) 
and non-alcoholic steatohepatitis (NASH). In NAFL 
hepatocellular injury is absent, whereas NASH involves 
the presence of inflammation with hepatocyte damage, 
with or without fibrosis[2]. Once present, these specific 
changes mediate the risk of future disease progression.

The importance of treatment for NAFLD comes 
from the knowledge of its complications. It is well esta
blished that patients with NASH can progress to develop 
cirrhosis and its complications[2] including hepatocellu
lar carcinoma (HCC)[2]. However, the most common 
cause of death in patients with NAFLD is cardiovascular 
disease. Today, the medical community continues 
to look for evidence-based therapy to improve liver 
histology and reduce associated risks. These include 
lifestyle management with a goal of sustained weight 
loss, treating associated features of the metabolic 
syndrome to reduce cardiovascular risk, as well as liver 
specific pharmacologic therapy and in some cases trans
plantation. As we look beyond 2015, we are hopeful that 
studies currently evaluating the role of the microbiome, 
novel insulin sensitizers and anti-fibrotic agents will 
provide effective therapies for this condition. We aim to 
discuss the current management of NAFLD and future 
directions of treatment.

LIFESTYLE MODIFICATION: EXERCISE
Based on the 2012 published practice guidelines, 
lifestyle intervention has shown to improve hepatic 
aminotransferases along with steatosis[2]. It broadly 
encompasses both dietary changes and regular exercise. 
One of the objective end points for many studies has 
included the NAFLD activity score (NAS), which was 
validated by the NASH Clinical Research Network[3]. 
The components are based on histologic examination 

and include hepatic steatosis, lobular inflammation 
and hepatocyte ballooning. A randomized study by 
Promrat et al[3] showed that there was a significant 
improvement in the NAS score in those treated with 
lifestyle modification. It required subjects to achieve 
7%-10% reduction in body weight by limiting caloric 
intake and completing moderate intensity activities for 
200 min/wk. They also included regular support with 
behavior modification and dieticians for meal planning. 
Unfortunately, this study failed to identify a significant 
difference in fibrosis on biopsy[3]. Although specific 
targets exist for weight loss, sustained results over the 
long-term are the backbone for continued success. Even 
alone, there has been improvement seen with exercise 
without dietary modification[2]. 

We now know that the intensity of physical activity 
can effect the histologic improvements demonstrated 
in patients. Those with vigorous activity had decreased 
odds of NASH and lower glucose and insulin values[4]. 
It can be quantified as 75 min/wk with activities that 
include running on a treadmill or using a step machine. 
Doubling the time was shown to provide additional 
benefits of reduced NASH activity[4]. 

LIFESTYLE MODIFICATION: DIET
Dietary composition has been scrutinized as a possible 
modifiable factor in altering the course of NAFLD 
development and progression. As the North American 
diet continues to evolve, so does the need for finding 
easy meal options to keep up with a fast paced lifestyle. 
That often leads to consumption of high caloric, pro
cessed foods and carbonated beverages. Magnetic 
resonance spectroscopy (MRS) has been helpful to 
quantify the accumulation of fat in the liver. The cut off 
in NAFLD is based on intrahepatic triglyceride (IHTG) 
content and set at greater than 5.6%[5]. Fructose, trans-
fatty acids and saturated fat may contribute to increased 
IHTG, while poly and mono-unsaturated fats may play 
a protective role[5]. The result is an imbalance of free 
fatty output from the liver. Saturated fats have been 
especially shown to contribute toward the development 
of cardiovascular disease, type 2 diabetes mellitus and 
the metabolic syndrome[6]. Although they have also 
been shown to increase the IHTG, studies of high calorie 
diets may have other potential cofounders to explain 
the results[7]. Trans-fatty acids are unsaturated and 
produced due to hydrogenation. They have at least one 
double bond in the trans configuration and are found 
in many processed food items. Their role in humans 
and NAFLD has not been well described at this time[5]. 
Polyunsaturated fatty acids (PUFA) and monounsaturated 
fatty acids have been shown to regulate expression of 
proteins involved with fatty acid oxidation[8]. As a result, 
this may lead to an overall improvement in the IHTG 
content in the liver[5]. 

The monosaccharide fructose and its disaccharide 
form, sucrose are primary dietary sweeteners that are 
highly lipogenic sugars[9]. This has lead to examine 

2963 December 28, 2015|Volume 7|Issue 30|WJH|www.wjgnet.com

Malhotra N et al . Past, present and future



fructose and its role in NAFLD. Intake of sucrose and 
high fructose corn syrup has increased 1000% over 
the past 40 years and can account for up to 10% of 
caloric food intake[10]. Overall, fructose is a component of 
insulin resistance and a contributor to visceral adiposity 
and plasma triglycerides[9]. The downstream effect is 
fat deposition in the liver in excess amounts. Steatosis 
is the eventual result of the liver’s inability to keep up 
with synthesis, utilization and expenditure of fat[9]. A 
cross sectional analysis by Vos et al[9] showed that daily 
consumption of fructose was associated with significantly 
more fibrosis (OR = 2.6, p = 0.004) and significantly 
lower plasma high density lipoprotein (HDL) (p < 
0.001). More studies will be needed to further determine 
how fructose contributes to NAFLD development and 
progression to NASH and how this can be mediated[9]. 
Overall, a balanced diet consisting of lower glycemic 
index fruits and vegetables, low saturated fats along 
with whole grains has been shown to reduce liver fat on 
MRS[1]. 

The effect of coffee has been previously studied in 
other causes of liver disease, including HCC. A recent 
meta-analysis by Bravi et al[11] revealed a significant 
decrease in relative risk for HCC with increasing coffee 
consumption. Similarly in NAFLD, a study by Molloy 
et al[12] looked at caffeine and coffee intake. There 
appeared to be an inverse relationship between regular 
unsweetened, unfiltered caffeinated coffee consumption 
and hepatic fibrosis[12]. This effect could not be extra
polated to other types of caffeine. Unfortunately, there 
have been no prospective trials identifying a specific 
amount required for achieve maximal benefit. Although 
the exact ingredient responsible for these benefits is 
unknown, it has been postulated that it due to the 
reduced amount of cafestol and kahweol in unfiltered 
coffee. These are diterpene molecules that are thought 
to have anti-inflammatory properties, but also potentially 
increase serum cholesterol. By filtering coffee, it may 
prevent an elevation in low-density lipoprotein cholesterol 
and serve as a reasonable adjunct to therapy in NAFLD 
patients[13].

PHARMACOLOGIC THERAPY
Given the related pathophysiology of NAFLD and 
associated metabolic comorbidities, it has been hoped 
that the pharmacologic treatment of these conditions 
could lead to an improvement in liver histology. This 
has lead to numerous clinical trials, although none have 
demonstrated significant benefit to be approved as 
liver-specific therapy[3]. 

Poly unsaturated fatty acids have been shown to 
reduce insulin resistance, lipid production and systemic 
inflammation. The n-3 form of PUFAs represent the 
family of omega 3 fatty acids. The physiologic forms exist 
as eicosapentanoic acid (EPA) along with docosahexa
noic acid and are significantly decreased in NASH[14]. 
Therefore, supplementation with the synthetic ethyl-EPA 
(EPA-E) that is found in many fish oil preparations was 

studied by Sanyal et al[14]. Twelve months of therapy 
was compared to placebo by Sanyal et al[14]. During the 
trial, up to 25% of patients dropped out, mainly due to 
side effects including nausea, diarrhea and abdominal 
discomfort[14]. Using histologic improvement as a pri
mary endpoint, there was unfortunately no significant 
effect on steatosis or fibrosis stage when comparing 
placebo with lower (1800 mg/d) or higher (2700 mg/d) 
doses of of EPA-E[14].

The evaluation of insulin sensitizing agents in NAFLD 
has mainly focused on the role metformin and the 
family of thiazolidinedione. While pioglitazone has shown 
improvement in steatosis and inflammation in non 
diabetics, there are safety concerns including bladder 
cancer risk, weight gain, fractures and heart failure[2]. 
The PIVENS study was a multicenter, randomized, 
placebo-controlled trial published in 2010. In nondiabetic 
and non-cirrhotic adults with biopsy proven NASH there 
was a decrease in fibrosis after 96 wk (P = 0.04, NNT 
= 6.9), but it did not meet the pre-specified statistical 
endpoint[15]. The lack of significance might be attributed 
to the fact that 28% of the initial biopsy specimens 
lacked hepatocellular ballooning in the pioglitazone group 
compared to 17% in the placebo group[15]. As result, it 
would be harder to meet the targets set in the primary 
outcome, including improvement in hepatocellular 
ballooning and fibrosis score. 

Metformin is widely used as a first line agent to 
control blood sugar and its role in NAFLD has been 
studied. In a recent systematic review and meta-analysis 
there was an improvement in aminotransferases, but 
no significant histologic response was identified[16]. In 
contrast, a small randomized controlled trial published by 
Bugianesi et al[17] showed a decrease in liver fat, necro
inflammation and fibrosis in nondiabetic adults treated 
with metformin. Further to this, metformin’s effect on 
overall mortality was examined in a cohort study of DM 
patients who developed NASH related cirrhosis, with 
a 57% reduced risk of death and no evidence of lactic 
acidosis in those taking metformin[18]. Although current 
guidelines do not recommend metformin as a specific 
treatment for liver disease in patients with NASH, it may 
be a useful adjunct in management of associated DM[2].

Vitamin E is a well-known antioxidant that prevents 
the propagation of free radicals. This was also examined 
in the PIVENS trial with a dose of 800 IU/d over 96 
wk[15]. Overall, there was a significant improvement 
in the primary endpoint of hepatocellular ballooning 
and steatosis (P = 0.001, NNT = 4.2)[15]. This occurred 
without significant improvement in fibrosis score[15]. 
Vitamin E is not free from adverse effects, with ass
ociations including risk of hemorrhagic stroke, prostate 
cancer and all-cause mortality. As such, physicians 
must be mindful in using it, and when patients are 
placed on vitamin E to treat NASH, its efficacy should 
be assessed after 6 to 12 mo of therapy[15]. The current 
recommendations advocate for use of Vitamin E in 
nondiabetic patients with biopsy proven NASH[2]. 

Angiotensin-converting enzyme inhibitors (ACE-I)
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and management involves the gut microbiome. Its role 
is complex and at present, incompletely understood. 
Resident microbiota consist of millions of microbial 
genes that influence metabolism, physiology and gene 
regulation[26]. They aid in synthesis of vitamins, digestion 
of fibers and prevention of pathogen colonization[27]. As 
such, the role in intestinal disorders such as C difficile 
infection, inflammatory bowel disease and irritable bowel 
syndrome is increasingly recognized[26]. It is thought that 
the microbiome’s role in NAFLD may be mediated via 
the development of endotoxins involved in obesity and 
insulin resistance. The major fermentation products of 
microbiota are short chain fatty acids (SCFAs)[27]. There 
is also an association with increased production of SCFAs 
in overweight and obese subjects when compared to 
lean individuals[28]. The pathophysiology is thought to 
be due to an increased ability to harvest energy through 
the glucagon-like peptide 2 receptor[27]. The resident 
species of bacteria in the gut that are involved in these 
complex interactions is also important to consider. A 
study in obese patients by Ley et al[29] showed that the 
proportion of specific microbacteria (Bacteroidetes) 
was lower in obese compared to lean patients. This 
proportion subsequently increased with weight loss[29].

During digestion, bacterial metabolites are presented 
to the liver through the portal vein[27]. This allows 
exposure of gut-derived factors from the small intestine to 
potentially cause a downstream inflammatory response 
in liver tissue[1]. Interestingly, SCFAs may also play a 
protective role with down-regulating insulin signaling in 
adipose tissue through G-protein couple receptor 43[27]. 
The future of the gut microbiome is exciting and may one 
day lead to a personalized approach to manage NAFLD. 
This is a promising development for possible future 
pharmacologic applications in NAFLD.

There are a wide range of additional pharmacologic 
agents currently under study. Endocannabinoid CB1 
receptors expressed on hepatocytes and myofibroblasts 
are contributors to hepatic fat storage[1]. Peripheral 
receptor antagonists could prove to be a beneficial 
strategy in this patient population. Additional newer 
oral hypoglycemic agents GLP-1 receptor analogues 
(Exenatide™) and DPP-4 inhibitors (Sitagliptin™) may 
play an indirect role through glycemic control. In patients 
with NAFLD and DM, Exenatide™ has been shown to 
improve body weight and decrease transaminases[1]. 
In addition, Sitagliptin™ decreases liver triglyceride 
content[1]. Pentoxifylline has been shown to decrease 
free-radical induced oxidative stress and inhibit lipid 
oxidation[1]. A meta-analysis of randomized double-blind 
controlled trials by Zeng et al[30] examined the application 
of pentoxifylline in NAFLD. Not only were there a 
decrease in aminotransferases, but also significant 
improvement in steatosis, lobular inflammation and 
fibrosis[30], suggesting this may become a potential 
treatment option[31].

Obeticholic acid is a bile acid derivative that may 
have a future role in non-cirrhotic NASH patients. Bile 
acids bind to Farnesoid X nuclear receptors to promote 

and angiotensin receptor blockers (ARBs) are impor
tant renin-angiotensin-aldosterone system (RAAS) 
modulators used in treating hypertension and protein
uria. There is also evidence that these agents help with 
overall insulin sensitivity in DM patients[19]. A meta-
analysis by Al-Mallah et al[20] established that there was 
a 20% reduction in the incidence of new onset DM with 
the use of ACE-I and ARBs. The mechanism behind this 
may be through vasodilation and improved blood flow to 
the pancreas, promoting insulin secretion and delivery to 
tissues[19]. Studies for the role of the RAAS in NAFLD are 
ongoing. Animal models have shown a down regulation 
in pro-inflammatory and pro-fibrotic cytokines, leading 
to prevention of lobular inflammation along with hepatic 
fibrosis[21]. In humans, studies have largely looked at 
the role for ARBs only. A study by Georgescu et al[22] 
determined that Telmisartan improved transaminase 
levels and insulin resistance more than Valsartan. Only 
Telmisartan, however, showed a significant decrease in 
NAS activity score and fibrosis[22]. 

LIVER TRANSPLANTATION
End stage disease leads to consideration of liver 
transplantation in applicable patients. A meta-analysis 
looking at this issue found that NASH patients had 
equivalent survival compare to those who were trans
planted for other causes[23]. Although it can be succe
ssful, transplantation in this patient population also 
carries with it significant risk. When compared to other 
etiologies for liver transplantation, death in subjects 
with underlying NASH was more likely due to cardio
vascular events (OR = 1.65) and sepsis (OR = 1.71)[23]. 
This should emphasize the importance of modifying 
underlying risk factors. With the increase in the obesity 
epidemic in the developed world, NAFLD is projected 
to become the leading cause of liver transplantation in 
the near future[24]. Given the limited resources for trans
plantation, the need for effective therapies to prevent 
end-stage liver disease is all the more important. 

FUTURE MANAGEMENT
An area of significant interest and study in the treat
ment of NAFLD is bariatric surgery. Interventions include 
gastric bypass, gastric banding and sleeve gastrectomy[2]. 
Early on, weight loss goals could be achieved with use 
of bariatric surgery as an adjuvant treatment to lifestyle 
modification. The reduced gastric remnant works to 
decrease hunger and stimulate satiety[25]. In addition 
to loss of central adiposity in subcutaneous tissues, it 
could also lead to a decrease fat deposition in the liver. 
Prospective data is mixed and indicates an improve
ment in steatosis and hepatocyte ballooning in NAFL[2]. 
Reversal of NASH with fibrosis, however, is less clear and 
appears more resistant[25]. As a result, current guidelines 
have not indicated that bariatric surgery should be used 
a specific treatment of NASH at this time.

An evolving area of interest in NAFLD pathogenesis 
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insulin sensitivity and decrease hepatic gluconeogenesis 
along with circulating triglycerides[32]. A recent multi-
center randomized controlled trial by Neuschwander-
Tetri et al[33] showed a significant improvement in NAS 
score and fibrosis when compared to placebo (p = 
0.0002). These derivatives also inhibit conversion of 
cholesterol to bile acids, which resulted in an increase 
in total cholesterol/low density lipoprotein along with 
decrease in HDL[33]. The clinical significance of this 
needs further exploration before recommendations can 
be made for its use. 

Wolfberry, or Lycii fructus, is a well-known drug 
supplement in traditional Chinese medicine. Another 
common supplement now in North America is epigallo
catechin-3-gallate (pure green tea extract). The pre
mise behind their potential beneficial effect relies on 
reduction of oxidative stress and inflammation within 
hepatocytes. The endpoint would be less downstream 
damage within the liver. Xiao et al[34] noted that rat 
models showed an improvement in fat accumulation, 
fibrosis and eventual histology. The key molecules 
include many pro-inflammatory cytokines including 
interleukin molecules. Both of these supplements also 
mediate inflammation by regulating nuclear factor 
kappa B, which many chemokine signaling pathways 
depend on. The application in human models is ongoing.

CONCLUSION
There is currently no single pharmacologic or surgical 
therapy that has been shown to be universally effective 
in all patients with NAFLD. Histologic regression 
presently hinges on lifestyle modification through diet 
and exercise with the goal of improvement in weight as 
well as the detection and management of associated 
metabolic disorders. As such, caloric restriction along 
with regular exercise should be considered in all 
patients. The use of unfiltered, unsweetened coffee, 
reduction of ingestion of fructose and saturated fats 
are reasonable specific dietary recommendations for 
patients. Use of vitamin E should be restricted to non
diabetic patients with biopsy proven NASH and the 
use of oral hypoglycemic agents (i.e., Pioglitazone) 
in nondiabetics should be considered on an individual 
patient basis. In patients with DM metformin is a 
reasonable first line agent. Statins have been proven 
to be safe in this population and given the increased 
cardiovascular mortality in NAFLD, should be used as 
indicated for management of hyperlipidemia.

Although not yet widely recommended, the use of 
surgical techniques including bariatric surgery may aid in 
weight loss and contribute to improved insulin resistance 
and hepatic fat deposition in carefully selected patients. 
Transplantation is an option for end stage disease in 
some individuals. Underlying cardiovascular disease 
is still a concern for post transplant mortality and 
recurrence of NAFLD is common if underlying behaviors 
and risk factors are not addressed. Promising targets 
for future management include bile acid transport, the 

gut microbiome, pro-inflammatory and liver fibrosis 
pathways. We have come a long way, but still have to 
advocate for aggressive management of risk factors to 
prevent progression of NAFLD and potential impact on 
healthcare resources.
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Abstract
Helicobacter  pylori  (H. pylori ) is an ancient microorganism 
that has co-evolved with humans for over 60000 years. 
This bacterium typically colonizes the human stomach 
and it is currently recognized as the most common 
infectious pathogen of the gastroduodenal tract. Although 
its chronic infection is associated with gastritis, peptic 
ulcer, dysplasia, neoplasia, MALT lymphoma and gastric 
adenocarcinoma, it has been suggested the possible 
association of H. pylori  infection with several extragastric 
effects including hepatobiliary and pancreatic diseases. 
Since a microorganism resembling H. pylori  was detected 
in samples from patients with hepatobiliary disorders, 
several reports have been discussed the possible role of 
bacteria in hepatic diseases as hepatocellular carcinoma, 
cirrhosis and hepatic encephalopathy, nonalcoholic fatty 
liver disease and fibrosis. Additionally, studies have 
reported the possible association between H. pylori  
infection and pancreatic diseases, especially because 
it has been suggested that this infection could change 
the pancreatic physiology. Some of them have related 
a possible association between the microorganism 
and pancreatic cancer. H. pylori  infection has also 
been suggested to play a role in the acute and chronic 
pancreatitis pathogenesis, autoimmune pancreatitis, 
diabetes mellitus and metabolic syndrome. Considering 
that association of H. pylori  to liver and pancreas diseases 
needs further clarification, our work offers a review about 
the results of some investigations related to the potential 
pathogenicity of H. pylori  in these extragastric diseases.

Key words: Hepatocellular carcinoma; Cirrhosis; Hepatic 
encephalopathy; Helicobacter  pylori ; Nonalcoholic fatty 
liver disease; Fibrosis; Pancreatitis; Pancreatic cancer; 
Diabetes mellitus; Metabolic syndrome
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associated with several extragastric manifestations, 
including liver and pancreas diseases. Evidence for 
its role in the pathogenesis of chronic liver diseases 
and liver carcinoma is supported by several clinical 
and experimental studies. Furthermore, epidemiologic 
and serology-based works have reported a possible 
association between the microorganism and pancreatic 
cancer. H. pylori  infection has also been linked to the 
acute and chronic pancreatitis pathogenesis and it 
could be related to the development of autoimmune 
pancreatitis, diabetes mellitus and metabolic syndrome. 
This review summarizes recent findings on the possible 
role of H. pylori  infection in the etiology of liver and 
pancreas disorders. 

Rabelo-Gonçalves EMA, Roesler BM, Zeitune JMR. Extragastric 
manifestations of Helicobacter pylori infection: Possible role 
of bacterium in liver and pancreas diseases. World J Hepatol 
2015; 7(30): 2968-2979  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i30/2968.htm  DOI: http://dx.doi.
org/10.4254/wjh.v7.i30.2968

INTRODUCTION
Helicobacter pylori (H. pylori) is an ancient organism 
that has co-evolved with humans for over 60000 
years[1]. This bacterium typically colonizes the human 
stomach and it is currently recognized as the most 
common infectious pathogen of the gastroduodenal 
tract[2]. Most infected individuals do not develop disease, 
leading to the hypothesis that some H. pylori strains 
are harmless or even beneficial[3]. However, its chronic 
infection is associated with increased risk for several 
disease outcomes including gastritis, peptic ulcer, 
dysplasia, neoplasia, mucosa associated lymphoid tissue 
lymphoma and invasive gastric adenocarcinoma[4]. 

In recent years, it has been suggested the possible 
role of H. pylori infection with several extragastric 
effects including neurodegenerative, metabolic and 
cardiovascular conditions, as well as hepatobiliary, 
pancreatic and colorectal diseases[5-7]. Moreover, studies 
indicate that this bacterium may be related to the 
development of skin diseases such as urticaria as well 
as rheumatic disorders[8,9].

Since Helicobacter spp. have been isolated from the 
liver samples of a variety of mammals, it was suggested 
that bacteria may be involved in the pathogenesis of 
chronic liver diseases (CLD) and liver carcinoma[10-12]. 
Regarding to human studies, a microorganism resem
bling H. pylori was firstly detected in resected gallbladder 
mucosa of patient with gallstone[13]. Nilsson et al[14] 
reported the detection of H. pylori using molecular 
biology techniques such as polymerase chain reaction 
(PCR), hybridization and partial DNA sequencing in 
liver samples from patients with primary sclerosing 
cholangitis and primary biliary cirrhosis (PBC). 

Subsequent studies have verified the possible 

association of H. pylori infection in the development of 
other liver diseases, particularly hepatocellular carcinoma 
(HCC), in different geographic areas. Some authors 
have reported a very high prevalence of antibodies 
to H. pylori and the prevalence of bacteria in patients 
with cirrhosis, compared with controls[15-18]. Although 
Helicobacter spp. DNA was successfully detected in liver 
samples of individuals with primary liver carcinoma[19-23], 
the remaining question was whether these findings 
corresponded to the true liver colonization by bacteria or 
whether H. pylori DNA could result from the retrograde 
transfer of this DNA from the duodenum to liver. 
Nevertheless, the isolation of H. pylori in culture medium 
using liver samples was crucial for supporting the true 
bacterial colonization[24,25].

Another extragastric digestive organ indicated as a 
possible target for H. pylori is the pancreas and some 
mechanisms by which H. pylori infection may influence 
pancreatic physiology have been object of several 
studies. It has been suggested that some aggressive 
factors produced by this microorganism such as ammo
nia and lypopolysaccharides (LPSs), as well as the 
production of inflammatory cytokines, could induce the 
pancreas damage. These conditions associated with 
the activation of leukocytes could be responsible for the 
clinical outcome of the pancreas diseases[26]. 

Considering these aspects, several epidemiologic 
and serology-based studies have reported a possible 
association between the microorganism and pancreatic 
cancer[27-30] and, in addition, epidemiological studies have 
examined if there could be any association between 
peptic ulcers development and risk of pancreatic cancer. 
Results from cohort studies with large number of pan
creatic cancer cases and detailed information on type 
of peptic ulcers (i.e., gastric vs duodenal) observed 
positive associations with gastric ulcers, but not duodenal 
ulcers[31,32]. H. pylori infection has also been suggested 
to play a role in the acute and chronic pancreatitis (CP) 
pathogenesis[33-35] and it has been reported that this 
infection could be related to autoimmune pancreatitis 
(AIP) mainly through induction of autoimmunity, by 
molecular mimicry, and apoptosis[36]. Finally, a possible 
role of H. pylori in diabetes mellitus (DM)[37,38] and 
metabolic syndrome have been investigated[39,40].

However, the interpretation of so different results 
obtained from the mentioned studies makes the inter
pretation of their relevance be inconclusive. H. pylori 
more virulent strains, such as the ones that harbor 
the CagA pathogenicity island, together with the host 
characteristics, could be important for the clinical ex
pression of pancreatic diseases, and other systemic 
disorders. In some cases, H. pylori might be a minor 
factor contributing to disease development owing to the 
persistent inflammatory state of the gastric mucosa[41]. 
Considering these findings and that, the role of H. pylori 
infection in the liver and pancreatic diseases remains 
controversial, in the review we attempt to discuss about 
the results of some investigations related to the potential 
pathogenicity of H. pylori in these extra gastric diseases. 
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ROLE OF H. PYLORI IN LIVER DISEASES
HCC
The HCC is the main primary malignant tumor of the 
liver and the fifth most common type of cancer. It is 
estimated that more than 50000 cases are diagnosed 
annually and that the disease is the third leading cause 
of cancer-related death in the world population[42-47]. 
The cases of death due to HCC vary 250000-1 million 
individuals per year and its prevalence varies according 
to geographic location, gender, age and ethnicity[48].

The development of HCC is attributed to several 
factors such as alcoholism, exposure to mycotoxins 
(aflatoxins), hereditary hemochromatosis, PBC, defici
ency of α-1-anti-trypsin, Wilson’s disease and micro
cystin[21,49-51]. Chronic viral infections are considered 
the main risk factor of HCC in 75%-80% of cases[47], 
wherein hepatitis B virus (HBV) infection is responsible 
by 50%-55% of cases[52] and hepatitis C virus (HCV) 
infection occurs in 25%-30% of patients[53]. However, 
the detection of H. pylori in patients with HCC may 
suggest the role of bacteria in the pathogenesis of this 
disease.

Several studies have tried to correlate the H. pylori 
infection in the development of HCC. Avenaud et al[20] 
detected H. pylori in 100% (8/8) of the liver tissue 
employed in their study. In 2001, Swedish researchers 
identified Helicobacter spp. in patients with HCC and 
cholangiocarcinoma[54]. Evaluating patients with chronic 
hepatitis, cirrhosis and HCC, Dore et al[21] used the 
serology and PCR to verify the presence of H. pylori 
infection. The results showed that 54% of patients were 
positive for the bacteria, and the prevalence of infection 
was higher in patients with HCC (73%) compared with 
patients with cirrhosis (58%) and chronic hepatitis 
(39%). Helicobacter DNA was detected in 17% of liver 
cirrhosis patients and 55% of individuals with HCC.

Verhoef et al[55] revealed the presence of Helicobacter 
DNA in 45% of liver samples from patients with HCC 
in contrast to 10% positive samples in the control 
group. Sequence analysis indicated that fragments had 
similarity with DNA of H. pylori. In this study the authors 
also noted the similarity among three samples of gastric 
biopsies of patients with HCC who were positive for the 
liver culture, suggesting that gastric colonization with 
H. pylori strains may be associated with the induction of 
HCC.

In 2004, Pellicano et al[56] confirmed the presence of 
Helicobacter spp. DNA in 17 (85%) of 20 liver samples 
from patients with HCC compared with 33% of positive 
Helicobacter cases in the control samples. Recently, 
more studies emphasize the detection of bacteria in 
hepatic tissue from patients with HCC, even suggesting 
its possible role in the progression of CLD due to higher 
prevalence of H. pylori in more advanced stages of liver 
disease as cirrhosis and HCC[25,57].

In addition, several researchers have described 
the association between H. pylori and HBV or HCV in 
the development of HCC. In fact, the prevalence of 

anti-H. pylori antibodies in patients infected with HBV is 
significantly higher when compared to subjects without 
viral infection[17,18,58-63]. In an attempt to verify the 
role of H. pylori in the progression of CLD in patients 
infected with HCV, investigators have reported that 
Helicobacter spp. DNA was detected in 4.2% of controls 
and 3.5% of individuals with noncirrhotic chronic 
hepatitis, compared with 61%-68% in cirrhotic liver and 
90% in HCC tumoral tissue[22]. These results reinforced 
that prevalence of H. pylori infection may be associated 
with later stages of CLD and suggested that disease 
increased with the severity of the cancer. Then, it may 
be possible that H. pylori co-infection with HBV or HCV 
results in the progression from cirrhosis to cancer, 
reinforcing the synergistic cooperation between H. pylori 
and hepatitis virus in the development of HCC[47]. 

The mechanism by which H. pylori colonizes the 
human liver is not fully understood. Some researchers 
hypothesized that H. pylori DNA detection in liver tissue 
can result from bacterial translocation from the stomach 
into the blood through the portal system, especially in the 
advanced stages of chronic liver disease, when occurs the 
portal hypertension[47,64]. Furthermore, bacteria can reach 
the liver via circulating phagocytes and macrophages 
or retrograde transfer from the duodenum[24]. However, 
reports that involved H. pylori culture from the liver 
samples of patients with HCC support a true hepatic 
colonization by bacteria, discarding the possibility of 
retrograde contamination[25,65]. Additionally, no other 
bacteria in the digestive tract are associated with human 
liver carcinogenesis[66,67].

The experimental murine models of H. hepaticus 
infection show that bacteria are able to induce chronic 
active hepatitis and HCC in various strains of animals[11,68]. 
Moreover, enteric Helicobacter species are capable of 
producing toxins which can cause hepatocellular injury 
in vivo[69]. Furthermore, Helicobacter spp. may induce 
the production of proinflammatory chemokines and 
cytokines which contributes to the development of liver 
cancer by DNA damage, growth stimulation, increase of 
survival, angiogenesis and invasion into host tissue[70].

In a report employing human hepatocytes culture 
infected with H. pylori, Ito et al[71] have shown that 
bacteria are able to adhere and penetrate into these 
cells. The authors suggest that the process of bacterial 
internalization can be an H. pylori strategy to avoid 
the host immune reaction and remain in the liver, 
resulting in morphological and physiological changes 
in the hepatocytes. Analyzing the in vitro proliferation, 
adhesion and invasion responses of the hepatic tumor 
cell lines to LPS authors demonstrated that these charac
teristics were increased in response to LPS, which may 
be related to increased gene expression of interleukin-8 
(IL-8) and transforming growth factor-beta 1 (TGF-β1). 
Considering that H. pylori has LPS, they inferred that 
bacteria may be ignored by host immune system and 
directly promote adhesion and invasion of hepatoma 
cells mediated by LPS[72].

In addition to the host immune system evasion 

2970 December 28, 2015|Volume 7|Issue 30|WJH|www.wjgnet.com

Rabelo-Gonçalves EMA et al . H. pylori  in liver and pancreas diseases



2971 December 28, 2015|Volume 7|Issue 30|WJH|www.wjgnet.com

the ammonia levels between cirrhotic patients with and 
without H. pylori infection[87,88]. In a review, Zullo et al[89] 
confirmed that gastric ammonia production by H. pylori 
urease appears to be inadequate to clinically affect 
ammonia levels in the majority if cirrhotic patients.

In a recent review, it was demonstrated that 
positivity of H. pylori infection was higher in HE patients 
compared to non-HE individuals, particularly in the older 
subjects. However, there are no strong evidences for an 
effect of bacteria on increasing blood ammonia level, 
nor there is strong evidence to support the hypothesis 
that H. pylori eradication can reduce blood ammonia 
level and improve HE symptoms[90].

However, authors have described that HE is not 
fully reversible and H. pylori might contribute to 
persistent cognitive impairment even after resolution 
of symptoms[91]. Furthermore, it is believed that inflam­
matory cytokines produced during H. pylori infection 
may cross the blood-brain barrier and contribute to the 
pathogenesis of cognitive dysfunction associated with 
cirrhosis[92].

Nonalcoholic fatty liver disease
The nonalcoholic fatty liver disease (NAFLD) is currently 
considered the most common liver disease in Western 
countries, affecting up to 25%-30% of subjects[93-95]. 
NAFLD includes a broad spectrum of liver disorders, 
which range from nonalcoholic fatty liver to nonalcoholic 
steatohepatitis (NASH) which may progress to cirrhosis 
and HCC without significant alcohol consumption[96-98].

Authors have shown the possible participation of
H. pylori infection in the pathogenesis of insulin resis
tance (IR)[39]. Considering that IR is implicated in the 
etiology of NAFLD, the evaluation of H. pylori infection as 
a risk factor for IR may help clarify its effect on NAFLD[99]. 

In 2008, researchers have detected H. pylori 16S 
rDNA in hepatic tissue collected from a 44-year-old 
woman with NASH[100]. After that, in a study employing 
liver samples from patients with CLD, H. pylori DNA was 
amplified in 45.5% (5/11) of samples obtained from 
subjects with NAFLD[57].

The case report described by Abenavoli et al[101] 
related the improvement in IR and fatty liver indices 
after H. pylori eradication therapy, reinforcing the 
possible association among H. pylori infection, IR and 
NAFLD. In the same year, another study revealed that 
prevalence of anti-H. pylori IgG titers, together with 
lower circulating adiponectin and higher tumor necrosis 
factor-α levels, was higher in individuals with NAFLD 
compared with control group[102]. Moreover, using logistic 
regression analysis model, researchers mentioned 
that both H. pylori infection and Homeostasis Model of 
Assessment-Insulin Resistance which is the marker of 
the metabolic syndrome, were considered independent 
variables to predict NAFLD. In addition, no correlation 
was found between H. pylori infection and progression 
to NASH. Then, it was suggested that presence of 
H. pylori may be involved to early-stage NAFLD.

However, Sumida et al[103] performed a recent study 

mechanisms, H. pylori virulence factors detected in 
liver samples from patients with HCC, such as vacA 
and cagA genes, are supposed to be involved in liver 
carcinogenesis[21,63,73]. These findings were recently 
supported by Esmat et al[74] who found that the positivity 
of cagA gene was directly proportional to the severity of 
liver disease. They studied patients infected with HCV 
in the presence and absence of cirrhosis and HCC. The 
cagA positivity occurred in 75% of patients with cirrhosis 
and HCC, 52.9% of cirrhosis subjects without HCC and 
32% of individuals with chronic hepatitis. The authors 
have also shown significant differences when compared 
METAVIR system among groups which confirmed H. pylori
association with later stages of fibrosis. 

Cirrhosis and hepatic encephalopathy
Cirrhosis is a major health problem with high incidence 
and prevalence worldwide[75]. Considering that patients 
with cirrhosis are more likely to develop gastrointestinal 
mucosal lesions, with increased risk for peptic ulcer 
disease (PUD)[76], it was suggested that H. pylori 
infection has an important role in the pathogenesis 
of PUD in cirrhotic patients and may be related to the 
development of hepatic encephalopathy (HE) and 
hyperammonemia[77]. In fact, a recent review has 
demonstrated that eradication of H. pylori infection in 
patients with cirrhosis may have a positive effect on the 
control of hyperammonemia and HE[78]. 

In a meta-analysis, researchers have described 
that prevalence of H. pylori infection in individuals with 
cirrhosis has increased significantly worldwide, especially 
in Europe and America, due to viral cirrhosis and PBC[79]. 
However, Pellicano et al[80] related that some papers 
which concluded that there was no association between 
the prevalence of bacteria and PBC[81,82] were not reported 
in this meta-analysis. Another report demonstrated 
that there is a significant association between H. pylori 
infection and portal hypertensive gastropathy (PHG) in 
cirrhotic patients which is also related to the severity of 
PHG, suggesting that eradication of H. pylori must be 
considered in cirrhotic patients with PHG[75]. 

HE is a frequent complication of liver cirrhosis and 
manifests itself as a wide variety of neuropsychiatric 
symptoms[83]. It is admitted that ammonia is the most 
relevant substance in the pathogenesis of HE. Then, 
reduction of ammonia production in the gastrointestinal 
tract is a current treatment strategy for HE[78]. Consi
dering that H. pylori urease hydrolyses urea present in 
the gastric juice into ammonia and carbon dioxide, and 
the amount of ammonia produced in the gastric mucosa 
could increase blood ammonia levels in cirrhotic patients, 
the possible participation of H. pylori infection in the 
pathogenesis of HE has been studied. 

The current data associating H. pylori infection to the 
pathophysiology of HE are inconclusive. Initially, some 
reports have demonstrated that H. pylori contributes to 
hyperammonemia in cirrhosis, and the eradication of 
bacteria may reduce the blood ammonia[84-86]. After that, 
other studies have not found a significant difference in 
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which was the first one to show that NASH is more 
prevalent in H. pylori-positive patients than in non-
infected individuals. Histopathologic analysis revealed 
that bacteria was associated with hepatocyte ballooning; 
however, there was no association of H. pylori with 
steatosis or liver fibrosis. Authors still mentioned that 
although the exact pathogenic mechanisms involved in 
hepatocyte ballooning as well as its role in NAFLD remain 
unclear, it is considered as a key histologic feature of 
NASH.

Considering that the prevalence of NAFLD is in
creasing worldwide and that H. pylori infection may 
present a role in its pathogenesis, further studies on 
this area are needed, in order to provide better under
standing of the role of H. pylori infection in NAFLD. 
However, once this association is confirmed, it is 
possible that H. pylori eradication regimens might have 
therapeutic implications on NAFLD[39].

Fibrosis
As mentioned before, Helicobacter spp. infection is 
more prevalent in advanced stages of liver diseases, 
reinforcing the possible association of bacteria with the 
progression of chronic hepatitis to cirrhosis and HCC[49].

In order to elucidate these findings, researchers 
have induced experimental hepatic fibrosis with carbon 
tetrachloride (CCl4) administration in mice and rats 
orally challenged with H. pylori. Authors verified a 
significant increase in the fibrotic score in H. pylori-
positive animals treated with CCl4 when compared with 
non-infected animals treated with CCl4. Furthermore, 
they observed that alpha-smooth muscle actin and 
TGF-β1 also enhanced in H. pylori infected animals[104].

After that, authors have suggested that increased 
liver fibrosis in H. pylori infection may occur through 
increased TGF-β1 induced pro-inflammatory signaling 
pathways in hepatic stellate cell line (HSC). They still 
mentioned that H. pylori infection may be involved 
in increased risk TGF-β1-mediated tumorigenesis by 
disturbing the balance between apoptosis and pro
liferation of hepatocytes[105]. Another group has also 
described an increase in activated kupffer cells and 
hydrogen peroxide levels in H. pylori infection which 
might result in activation of HSC alone or in combination 
with TGF-β1, amplifying hepatic inflammation via 
release of proinflammatory cytokines[106,107]. 

More recently, Esmat et al[74] studied liver samples 
from patients with HCV-related chronic hepatitis and 
cirrhosis in the presence or absence of HCC in order 
to verify the possible role of H. pylori infection in the 
disease progression. They showed that prevalence of 
cagA gene was directly proportional to severity of liver 
disease and was more positive in advanced stages of 
fibrosis (28.2%) compared to early stages (5.9%); 
it was still suggested by authors that H. pylori can 
produce toxins that may interfere with hepatic cells. 

One aspect that deserves further analysis of 
hepatology experts is the analysis of a possible role of 
H. pylori infection in the liver fibrosis determined by 

schistosomiasis.
Therefore, these findings confirm that hepatocytes 

can be stimulated by H. pylori infection, resulting in 
collagen accumulation and, consequently, in hepatic 
fibrosis[108]. 

Role OF H. PYLORI IN PANcreas 
diseases
Acute and CP
In the last decades, acute pancreatitis, defined as 
an acute inflammatory response from unregulated 
activation of pancreatic enzymes, has demonstrated an 
increase in its incidence[109,110]. This disorder, which can 
present a persistent hypovolemia, besides a decreased 
intravascular volume, can lead to extrapancreatic compli
cations[111]. In 2007, a publication revealed an important 
frequency of patients with acute pancreatitis that also 
presented acute gastrointestinal mucosal damage[112] 
and it suggests that this bacterium infection could 
somewhat influence the acute pancreatitis progression. 

Two important mechanisms-hypergastrinemia and 
duodenal acidification-together with the translocation of 
the microorganism or its toxins into the pancreas, have 
been cited as important mechanisms by which H. pylori 
infection could have an effect on the acute pancreatitis 
progression[26]. Warzecha et al[33] observed the effect of 
H. pylori infection of the gastric mucosa on the clinical 
evaluation of the disease in a model of ischaemia/
reperfusion-induced in rats. Their results have suggested 
an evidence of damage effect of H. pylori infection of the 
stomach in patients diagnosed with acute pancreatitis. 
Lee et al[113] trying to evaluate the relationship between 
PUD and acute pancreatitis, studied 78 patients with 
acute pancreatitis, and 41 of them suffered from peptic 
ulcer disease, but only 31.7% of these 41 patients 
were infected by H. pylori. They concluded that PUD 
is associated with severe acute pancreatitis and the 
treatment for PUD should be considered for patients with 
that disease.

As regards to the possible association between CP 
and H. pylori infection, different hypothesis have been 
suggested. According to Manes et al[26], there are three 
possible roles of this infection and the evolution of CP: 
The influence of this microorganism infection in the 
pathogenesis and evolution in idiopathic forms of CP, 
the influence of this infection on the exocrine pancreatic 
secretion in individuals with CP, and the possibility 
of CP influences the gastrointestinal physiology and, 
consequently, the pathogen colonization. 

Besides, important alterations in the gastric function 
found in CP could demonstrate the presence of H. pylori
infection in the stomach rather than changes induced 
by the pancreatic disease. Study developed by Manes et 
al[35] reported that the prevalence of H. pylori infection 
in patients with CP is similar that of two other studied 
groups of individuals, one with patients with alcoholic 
liver cirrhosis and other with healthy subjects, but the 
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frequency and severity of H. pylori negative chronic 
gastritis in the antrum was significantly higher in 
individuals with CP than in the other groups. Similar 
results were found by Niemann et al[34]. In their study, 
the prevalence of H. pylori infection was investigated in 
individuals with CP, with and without duodenal ulcers, 
in comparison to a control group which only included 
patients with duodenal ulcer. The results suggested 
that the bacterium infection can contribute to the CP 
development, but no as the main cause for the disease 
development.

Pancreatic cancer
The potential role of H. pylori infection in pancreatic 
cancer (exocrine pancreatic carcinoma or pancreatic 
ductal adenocarcinoma) has also been suggested. 
This cancer is the fifth leading cause of cancer related 
death worldwide. Its high degree of death incidence is 
especially due to the diagnosis generally done in the 
advanced stage and to the poor responses to current 
treatments[114-117]. 

Lowenfels et al[118] considered that similarly patho
logic consequences of gastric tissue due to H. pylori 
chronic infection could be observed in CP and conse
quently in pancreatic cancer.

A meta-analysis of six cohort studies and one case-
control study found that the pooled relative risk estimate 
for pancreatic cancer among patients with CP is 13.3[119]. 
Duell et al[120] analyzed 5048 patients with pancreatic 
cancer in ten case-control studies and found only a small 
association between pancreatic cancer and antecedent 
CP, although this study presented some limitations. 
Despite of these findings, it has been considered that CP 
is a rare cause of pancreatic cancer[121].

Other possible mechanisms for the association 
between H. pylori and pancreatic cancer include changes 
in gastrin (increased secretion) and somatostatin (low 
number of antral somatostatin cells) resulting from 
H. pylori gastritis[28,122-124], increased DNA synthesis, 
increased formation of N-nitroso components (due to 
bacterial overgrowth), and chronic inflammation pro
perly, aspect that can be responsible by itself for initia
ting the carcinogenesis process[125-127]. 

In addition, H. pylori chronic infection, as responsible 
for the production of proinflammatory cytokines and 
reactive oxygen species, as well as of other inflammatory 
mediators, may induce the tissue inflammation. In 
consequence, the increase on genomic DNA damage and 
cell proliferation (aspects that may lead to an inactivation 
of tumor-suppressor genes), are factors which may 
contribute the malignant transformation of pancreatic 
cells[128]. Considering it, Takayama et al[129] reported that 
activities of nuclear factor-kb, activator protein-1, and 
serum response element of human pancreatic cancer 
cells were shown to be increased by H. pylori infection, 
as well as serum levels of IL-8, suggesting that the 
development of pancreatic cancer could be similar to 
the gastric carcinogenesis. Consequently, environmental 
aspects such as dietary habits, smoking and alcohol 

consumption can contribute for the development of 
pancreatic cancer[130], as well as they contribute in gastric 
cancer.

Finally, other important meta-analysis concluded 
that H. pylori infection can be considered a significantly 
factor to the pancreatic cancer development, also 
considering that regional aspects can be important for 
this. Xiao et al[29] reported countries regional aspects 
reporting that the association between H. pylori infection 
and pancreatic cancer development is more evident in 
Europe and East Asia, and decreases in North America. 
They also suggested that H. pylori CagA positive strains 
are not possibly associated with pancreatic cancer 
development. Despite of it, meta-analysis conducted 
by Wang et al[30] concluded that H. pylori infection and 
CagA positive strains are associated with a decreased 
risk of pancreatic cancer in Eastern populations but 
have no significant associations in Western countries. 
Lindkvist et al[131], in a prospective study, also concluded 
that no association between this pathogen infection and 
the risk for pancreatic cancer was found in their nested 
case-control study within a population based cohort. 
Nevertheless, recent study with 56 cases of pancreatic 
cancer analyzed anti-Hp IgG (H. pylori-specific anti
bodies), Hp IgM (H. pylori antibodies) and CagA-Hp-
IgG (H. pylori serotoxin-associated protein A antibody), 
comparing the results with a control group. The results 
obtained demonstrated that H. pylori infection rate in 
the patients group was significantly higher than that 
in the control group (P < 0.01). Besides, the positive 
rate of CagA-Hp in the observation group was 38.88%, 
and 21.53% in the control group (P < 0.05). The 
researchers concluded that H. pylori infection, especially 
with CagA positive strains, besides smoking history and 
the history of CP, is one of the risk factors for pancreatic 
cancer development[132].

AIP
AIP has been recognized as a form of CP, which is always 
associated with autoimmune manifestations[133]. It is 
defined as an inflammatory process of the pancreas 
characterized by hypergammaglobulinemia, enlargement 
of the organ, fibrotic changes with lymphocytic infil
trations and presence of autoantibodies, among other 
alterations, all of them contributing to the tissue des
truction possibly by apoptosis[36]. 

The coexistence of AIP with other autoimmune 
diseases has been reported in the literature. Among 
them, they can be cited Sjögren’s syndrome, PBC, autoi
mmune hepatitis, Hashimoto’s thyroiditis and gastric 
ulcer, among others[134-136].

As regards to the mechanisms by which H. pylori 
infection could trigger AIP, the molecular mimicry 
between bacterial antigens and human ones has been 
reported as the most plausible hypothesis, based on 
epidemiological studies[137,138]. 

According to Kountouras et al[36], bacterial heat 
shock proteins (Hsps), particularly Hsp-60 or Hsp-70 
of H. pylori, may represent major target antigens 
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responsible for molecular mimicry causing autoreactivity 
between this microorganism and the host’s immune 
gastric tissue, being probably responsible for the 
humoral and/or cellular (T-cell) response against these 
proteins and consequently influencing the pathogenesis 
of autoimmune diseases such as AIP[139,140].  

Guarneri et al[141] reported the existence of two 
molecules possibly involved in the molecular mimicry 
(CA-Ⅱ and α-HpCA), that are homologous to the HLA 
molecule DRB1*0405, reported as a risk factor for 
the development of AIP[142]. Considering it, and the 
importance of α-HpCA for gastric colonization, the host 
immune response against this molecule could turn 
against the autoantigen CA-Ⅱ, promoting the appe
arance of AIP in genetically predisposed individuals[142,143].

Besides, HLA-DR antigens are expressed on the 
pancreatic duct cells as well as on CD4+ suggesting an 
autoimmune mechanism involved in inflammation[134,144], 
event that, in conjunction with epithelial cells apoptosis, 
can be upregulated by H. pylori infection and, conse
quently, be important to the development of AIP[140].

Besides, important researches have indicate that 
apoptosis is a mechanism of cell death in several 
important H. pylori-associated upper gastrointestinal 
damages and in extradigestive disorders. These studies 
hypothesized that H. pylori could change the expression 
of some genes including that ones encoding growth 
factors, transcription factors, and apoptosis proteins, 
among others, consequently contributing to the deve
lopment both of gastrointestinal and extradigestive 
diseases. In addition, some virulence factors of H. pylori,
such as urease, could contribute to cell apoptosis 
probably to activation of T cells[36]. Finally, in addition, 
microcirculatory changes promoted by H. pylori infection 
through platelet and platelet-leukocyte aggregation 
could promote the amplification of the pancreatic 
injury[142,145,146]. 

Obviously the relationship between H. pylori infection 
and AIP development has to better studied, but it can 
be considered that various autoimmune and apoptotic 
sequelae induced by this chronic and long-term infection 
appear to influence the pathophysiology of AIP.  

DM and metabolic disorders
Type 1 or type 2 DM development have also been 
reported to a high prevalence of H. pylori positive 
individuals[147]. In a meta-analysis, Zhou et al[148] found 
a high prevalence of this microorganism infection in 
individuals with DM, particularly type 2. Jeon et al[149] 
reported similar results and concluded in their sampling 
that individuals who were seropositive for H. pylori were 
2.7 times more at risk to develop DM than seronegative 
patients. Nevertheless, this association remains 
controversial[150].

Gunji et al[151] evaluated the association between IR 
and H. pylori infection and suggested that this infection 
could really contribute even in an independent way to 
promoting this condition. Besides, study developed by 
So et al[152] in China concluded that H. pylori infection 

could be an independent predictor for hyperglycemia 
and reduced insulin sensitivity and this fact has shown 
to be important for the high prevalence of type 2 DM in 
this country population.  

Metabolic syndrome, one of the most prevalent global 
health problems that predisposes to type 2 DM and it 
is linked to IR, has also be proposed to be associated 
to H. pylori infection[153,154]. Polyzos et al[39], through a 
quantitative homeostatic model, studied this possible 
association, but data concerning this relationship remain 
contradictory. In anyway, the eradication of the infection 
appears to prevent negative metabolic effects in the 
pathogenesis of DM[155]. 

CONCLUSION
The higher prevalence of H. pylori infection in subjects 
with hepatitis, cirrhosis, HE, NAFLD and HCC may 
suggest its possible role in the pathogenesis of CLD. 
Moreover, many studies have found a synergistic asso
ciation between this bacterium and hepatitis viruses, 
mainly HCV, suggesting that H. pylori may represent 
a co-risk factor in the progression of liver diseases, 
especially HCC. However, high quality prospective 
studies in non-cirrhotic HCC patients co-infected with 
HCV are needed to confirm these findings.

Another important fact to consider is that patients 
with severe CLD are more likely to develop bacterial 
infection. Then, H. pylori infection could be related to 
immunological and inflammatory changes in the liver. 
In this context, bacterium would not be considered a 
risk factor for HCC and the colonization of hepatic tissue 
could result from tumor process.

Complex interactions in the gastric mucosal changes 
determined by the pathogen infection could contribute 
to the pancreatic cancer development, especially by 
N-nitrosamine exposure of the host, added by dietary 
and smoking habits. Important meta-analyses have 
reported an increased risk for pancreatic cancer deve
lopment in subjects contaminated by H. pylori. In 
addition, it has also been suggested that H. pylori causes 
AIP due to molecular mimicry between bacterium and 
enzymes that are highly expressed in the pancreatic 
ductal and pancreatic cells, in addiction of apoptosis 
process. Finally, H. pylori infection has been associated 
to both type 1 and type 2 DM development, as well 
as metabolic syndrome, interaction that has not been 
determined. Despite some of these studies present 
some limitations, including a small number of patients 
and only hypothesis which have not been elucidated yet, 
the role played by H. pylori in the pathogenesis of such 
conditions have a substantial impact of healthcare and 
obviously its infection and the relationship with all the 
conditions described above has to be subject for further 
investigation. 

Considering the worldwide liver and pancreatic 
diseases burden, as well as the possible association 
between H. pylori infection, which is commonly chronic 
and reported to poor sanitary conditions, besides the 
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widespread use of some medicines that can mask the 
real condition of the infection, a complete elucidation 
of the role played by H. pylori in the pathogenesis of 
such conditions have certainly a substantial impact of 
healthcare. 
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problem worldwide. HBV is not directly cytotoxic to 
infected hepatocytes; the clinical outcome of infection 
results from complicated interactions between the virus 
and the host immune system. In acute HBV infection, 
initiation of a broad, vigorous immune response is res­
ponsible for viral clearance and self-limited inflammatory 
liver disease. Effective and coordinated innate and 
adaptive immune responses are critical for viral clearance 
and the development of long-lasting immunity. Chronic 
hepatitis B patients fail to mount efficient innate and 
adaptive immune responses to the virus. In particular, 
HBV-specific cytotoxic T cells, which are crucial for HBV 
clearance, are hyporesponsiveness to HBV infection. 
Accumulating experimental evidence obtained from 
the development of animal and cell line models has 
highlighted the importance of innate immunity in the 
early control of HBV spread. The virus has evolved 
immune escape strategies, with higher HBV loads and 
HBV protein concentrations associated with increasing 
impairment of immune function. Therefore, treatment 
of HBV infection requires inhibition of HBV replication 
and protein expression to restore the suppressed 
host immunity. Complicated interactions exist not 
only between innate and adaptive responses, but also 
among innate immune cells and different components of 
adaptive responses. Improved insight into these complex 
interactions are important in designing new therapeutic 
strategies for the treatment HBV infection. In this 
review, we summarize the current knowledge regarding 
the cross-talk between the innate and adaptive immune 
responses and among different immunocytes in HBV 
infection.

Key words: Crosstalk; Hepatitis B virus; Innate immune; 
Adapative immune
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recognition at the early stage of infection. HBV-specific 
T-cell responses are timely and efficiently induced in 
acute self-limited infections but are deeply exhausted 
in chronic hepatitis B. The tolerogenic effect of the liver 
environment and the persistent exposure of T cells to 
high antigen loads play a key role in the pathogenesis of 
T-cell inhibition in chronic HBV infection. Combination of 
reduction of HBV and virus antigen loads and restoration 
of the anti-viral T-cell function may represent a strategy 
to cure chronic HBV infections.

Wang L, Wang K, Zou ZQ. Crosstalk between innate and 
adaptive immunity in hepatitis B virus infection. World J Hepatol 
2015; 7(30): 2980-2991  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i30/2980.htm  DOI: http://dx.doi.
org/10.4254/wjh.v7.i30.2980

INTRODUCTION 
Hepatitis B virus (HBV) infection is a major public health 
problem worldwide. Approximately 30% of the world’s 
population show serological evidence of current or past 
HBV infection and 350 million people are chronically 
infected[1]. The outcome of HBV infection varies widely 
among infected patients from resolved acute infection, 
chronic hepatitis, and liver cirrhosis to hepatocellular 
carcinoma. Infections in approximately 5% of adults 
and 95% of neonates become persistent[2]. HBV itself 
is not directly cytotoxic to infected hepatocytes and the 
clinical outcome of infection results from complicated 
interactions between the virus and the host immune 
system[3-5]. The immune responses to HBV antigens, 
which are mediated through complex interactions 
between the innate immune and adaptive immune 
systems, are responsible both for viral clearance and 
disease pathogenesis. In acute HBV infection, a broad, 
vigorous immune response results in viral clearance 
associated with acute, self-limited inflammatory liver 
disease[6]. In contrast, chronic hepatitis B (CHB) patients 
fail to mount efficient innate and adaptive immune 
responses to the virus, with HBV-specific cytotoxic T cells 
(CTLs) in particular, being hyporesponsiveness to HBV 
infection[7,8]. The role of adaptive immune responses 
in the control of HBV infection is widely accepted, 
with HBV-specific T cell responses being essential for 
the termination of HBV infection. Furthermore, CD4+ 
T cells serve as the chief regulators of the adaptive 
immune response to HBV[5]. The innate immune system 
is the first line of active host defense against viral 
infection, and once activated, is linked to a favorable 
clinical outcome and subsequent robust adaptive 
immune responses[8]. The induction of innate immune 
responses by HBV during the phase of early infection is 
a longstanding controversy. The development of animal 
and cell culture models has yielded great improvements 
in our understanding of the innate immune responses 
during HBV infection. Furthermore, the strategies emp

loyed by HBV to counteract the innate antiviral pathways 
are being gradually recognized. It is known that effective 
recognition of viral infection and successive activation 
of antiviral innate immune responses are vital for 
host antiviral defense and largely depend on multiple 
regulators, including Toll-like receptors (TLRs)[9,10] 
and cytokines[11]. Efficient control of virus infections 
requires the coordinated actions of both innate and 
adaptive immune responses. Mounting effective innate 
and adaptive immune responses is critical for viral 
clearance and the development of long-lasting immunity. 
Complicated interactions exist not only between the 
innate and adaptive systems, but also among innate 
immune cells and among different components of 
adaptive responses.

A better understanding of the interplay between 
innate and adaptive immune responses and between 
the host immune response and the virus is crucial for 
the development of new antiviral therapeutic strategies 
aimed at eradicating chronic infections.

In this review, we summarize the current knowledge 
regarding the interactions between the innate and 
adaptive immune systems and among different immuno
cytes during HBV infection.

TLRS
TLRs are a group of highly conserved molecules that 
sense pathogen-associated molecular patterns (PAMPs). 
So far in humans and mice, TLR1 to 13 have been 
identified, which are extensively expressed in various 
immune and non-immune cells. Stimulation by their 
ligands initiates the activation of complex intracellular 
signal transduction networks and innate and adaptive 
immune-related cells, including natural killer (NK) cells, 
NK-T cells, monocytes, dendritic cells (DCs), T cells, B 
cells, and Tregs, as well as the production of antiviral 
effector interferons (IFNs) and proinflammatory cyto
kines[12]. TLRs play important roles in innate immune 
responses[13] to viral infections, including HBV. TLRs can 
activate DCs, improve antigen presentation, and initiate 
T cell immune responses. In vivo, TLRs also directly 
modulate HBV-specific T and B cell responses, which 
are essential for the termination of HBV infection[14]. 
Therefore, TLR responses are cell type-specific.

TLRs and innate immunity
Innate immunity is important in controlling infection 
immediately after contact with the pathogen and to 
initiate efficient development of an adaptive immune 
response. TLRs play a key role in the activation of 
innate immune responses to infectious agents[13]. The 
TLR family consists of intracellular and cell surface 
subgroups. The intracellular subgroup (TLR3, TLR7, TLR8 
and TLR9) is localized in endosomes and recognizes 
nucleic acids, such as viral DNA or RNA, while the cell 
surface subgroup (TLR1, TLR2, TLR4/MD-2, TLR5 and 
TLR6) recognizes extracellular bacterial and fungal cell 
wall components, as well as some viral proteins[13-17]. 

2981 December 28, 2015|Volume 7|Issue 30|WJH|www.wjgnet.com

Wang L et al . Immunity and HBV infection



Binding of TLR agonists to their receptors initiates the 
activation of complex networks of intracellular signal 
transduction pathways that leads to the induction of 
type Ⅰ IFNs (IFNα/β), proinflammatory cytokines, and 
costimulatory molecules, which are involved in antiviral 
responses[18,19]. The importance of TLR receptor signaling 
in controlling HBV replication was confirmed by a study 
in which a single intravenous injection of ligands specific 
for TLR3, TLR4, TLR5, TLR7 and TLR9 provided efficient 
inhibition of HBV replication in a non-cytolytic and IFNα/
β-dependent manner in HBV transgenic mice[20].

TLRs and DCs and peripheral blood mononuclear cells
TLRs are abundantly expressed on the surface of DCs, 
especially peripheral blood monocyte-derived DCs 
(moDCs). Plasmacytoid dendritic cells (pDCs) play a 
crucial role in triggering antiviral immunity through 
their ability to capture and process viral antigens and 
subsequently induce adaptive immune responses 
and the production of type Ⅰ IFNs. pDCs are the key 
sensors of viral infections through expression of both 
TLR7 and TLR9[21]. Myeloid DCs (mDCs) respond to 
TLR1, -2, -4 and -9 ligands resulting in upregulation 
of CD40 and activation of allogeneic T cells[22]. TLR9 
detects intracellular viral double-stranded (ds)DNA, 
which leads to the activation of nuclear factor κB (NF-
κB) via the myeloid differentiation primary response 88 
(MyD88) pathway, resulting in the activation of immune 
responses against HBV. However, expression of TLR9, 
MyD88, IRAK1, TRAF6, and NF-κB in peripheral blood 
mononuclear cells (PBMCs) of CHB patients is significantly 
decreased in comparison with healthy controls[23,24], which 
may result in an attenuated responses that ultimately 
lead to long-lasting HBV infection[25]. Reduced TLR9 
expression in pDCs of CHB patients is associated with 
impaired IFNα production[26]. TLR2 and TLR4 mediate the 
activation of the same signaling pathways downstream of 
MyD88, including NF-κB, MAPK, and PI-3k/Akt pathways 
to inhibit hepadnaviral replication. One study indicated 
that expressions of TLR2 and TLR4 were downregulated 
in PBMCs during HBV infection[27], while another study 
showed that expression of TLR2 and TLR-4 in moDCs 
was significantly increased with disease progression[28]. 
The role of TLR2 and TLR-4 in the pathogenesis of 
requires further evaluation.

TLRs and NK cells
NK cells possess receptors allowing them to sense and 
respond to viral and bacterial patterns, including TLRs. 
Upon TLR activation (mainly TLR3 and TLR7), NK cells 
produce IFNγ[29-31], which also contributes to deleterious 
inflammation if produced in excessive amounts[29]. NK 
cells in CHB patients have an impaired IFNγ response to 
TLR9 stimulation compared to healthy controls although 
no differences have been observed in responses to 
the other TLR ligands. This suggests that multiple 
mechanisms may be involved in NK activation[32] and 
although viral clearance is suppressed in chronic HBV 
infection, the potential to mediate tissue injury is 

maintained.

TLRs and non-parenchymal cells 
Non-parenchymal cells (NPCs), like Kupffer cells (KCs) 
and liver sinusoidal endothelial cells (LSECs), also 
participate in innate immune responses by producing 
various cytokines, including tumor necrosis factor-α 
(TNF-α) and IFNβ[28] in response to TLR signaling. 
Isogawa et al[20] demonstrated the involvement of 
NPCs rather than hepatocytes in antiviral activation 
induced by TLR ligands. HBV is recognized by the NPCs 
of the liver, mainly macrophages (KCs), although they 
are not infected. KCs respond to all TLR ligands by 
producing TNF-α or interleukin-6 (IL-6), to TLR3 and 
TLR4 ligands by producing IFNβ[22], to TLR1 and TLR8 
ligands by upregulating major histocompatibility complex 
(MHC) class Ⅱ and costimulatory molecules, and to 
TLR1, -2, -4 and -6 ligands by inducing high levels of 
T cell proliferation and IFNλ production in the mixed 
lymphocyte reaction[22]. 

LSECs are liver-resident antigen-presenting cells 
that are capable of antigen cross-presentation and 
induction of CD8+ T cell tolerance or immunity under 
different conditions[33,34]. Liu et al[35] demonstrated that 
pretreatment of LSECs with a TLR1/2 ligand or LPS 
(TLR4 ligand) relieved their suppressive functions to 
induce T cell immunity, while Wu et al[22] suggested 
that, on stimulation by TLR ligands, LSECs have similar 
responses to KCs. Another study that demonstrated 
that, among different TLR ligands, hepatic NPCs show 
significant production of IFNβ only in response to TLR3 
stimulation[36]. However, in the presence of HBsAg, TLR-
induced expression of IFNγ, interferon sensitive genes 
and proinflammatory cytokines in murine KCs and LSECs 
was efficiently suppressed, whereas the expression of 
anti-inflammatory cytokines was enhanced[37]. 

Although regarded as a type of antigen-presenting 
cell (APC), NPCs display a restricted TLR-mediated 
activation profile compared with “classical” APCs. There
fore, antiviral effects induced by TLR receptor activation 
should be carefully evaluated in therapeutic design to 
maintain the balance between viral control and liver 
injury. Furthermore, coordination of innate and adaptive 
immune responses may be highly important for the 
control of viral infection[19].

TLRs and adaptive immunity
Several studies have demonstrated that TLR2 is 
expressed by activated and memory CD4+ and CD8+ 
T cells and serves as a costimulatory molecule[38,39]. In 
some studies, TLR3 and TLR9 expression on human 
CD8+ T cells was also demonstrated to promote IFNγ 
production upon stimulation[40,41]. However, one study 
showed that, although all TLRs were able to induce CD8+ 
T cell activation in vitro, there were profound differences 
in their CD8+ T cell activation capacity in vivo. TLR3 and 
TLR9 induced CD8+ T cell activation, while, TLR2 and 
TLR4 were not only incapable of inducing CD8+ T cell 
priming, but also inhibiting CD8+ T cell expansion[42].  
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IFNs
IFNs represent one of the first lines of host defense 
against invading pathogens. As key components of the 
innate immune system, IFNs have been demonstrated 
to restrict HBV replication by affecting multiple steps 
in the viral life cycle, including HBV RNA synthesis, 
pgRNA encapsulation, the turnover rate of viral proteins, 
and modulation of covalently closed circular (ccc)DNA 
formation[49,50] by inducing numerous IFN-stimulated 
genes[51]. IFNs are classified into three groups, types Ⅰ, 
Ⅱ and Ⅲ, based on the structure of their receptors on 
the cell surface[47]. The early phase of viral infection is 
characterized mainly by the production of type Ⅰ IFNα/β, 
and NK cell activation. The production of type Ⅰ IFNs can 
be triggered directly by virus replication through cellular 
mechanisms that detect the presence of viral RNA or 
DNA. The main sources of IFNα/β are infected cells and 
pDCs, whereas IFNγ is produced primarily by NK and 
NKT cells[52]. IFNβ has also been identified as a major 
antiviral factor produced by NPCs in response to TLR3[36]. 
Recombinant IFN (rIFN)-α has been approved and 
successfully used as a standard treatment for chronic 
HBV infection[48]. Furthermore, treatment of the HBV-
producing hepatocytes with rIFN-γ and rTNF-α efficiently 
suppresses HBV replication without cytolysis[53]. In 
addition, IFNs have immunomodulatory functions as 
indicated by the ability of IFNα treatment to recover 
HBV-impaired hepatocyte-intrinsic innate immunity[54].

TNF-α
TNF-α is another major antiviral cytokine which, like 
IFNγ, also stimulates adaptive immunity and the 
antiviral effects of CTLs[53,55]. The absence of TNF-α or 
early treatment with a TNF receptor blocker reduces 
viral clearance, persistently maintains elevated HBV 
viral load and increases expression of the inhibitory 
receptor, programmed death-1 (PD-1) in CD8+ T cells 
in a mouse model[56,57]. These results suggest that 
HBV is reactivated during therapy with TNF-α-blocking 
agents in clinical practice. In addition to the induction 
of non-cytopathic suppression and clearance of HBV in 
animal models, TNF-α rapidly blocks HBV replication by 
promoting destabilization of pre-existing cytoplasmic 
viral nucleocapsids containing viral RNA and DNA, as 
well as of empty nucleocapsids[57].

IL-6
Sodium-taurocholate cotransporting polypeptide (NTCP) 
has been identified as an HBV-specific receptor. Studies 
have shown that NTCP-mediates HBV entry is markedly 
inhibited by IL-6, with a strong inhibition of long-term 
HBsAg secretion and a profound reduction in intracellular 
HBV cccDNA[58]. Hösel et al[59] demonstrated that 
recognition of HBV patterns by liver NPCs results in IL-6-
mediated control of HBV infection at the transcriptional 
level. In the early phase of infection, IL-6 rather than 
IFN mediates control of the virus, limiting activation of 
the adaptive immune response and preventing death of 

B cells represent an important link between the 
adaptive and innate immune systems in that they 
express both antigen-specific B cell receptors (BCRs) as 
well as various TLRs[43]. Conventionally, signaling through 
the BCR initiates a sequence of events that are necessary 
for B cell activation and differentiation of. In combination 
with BCR signaling, TLR signaling plays multiple roles 
in B cell differentiation and activation and the outcome 
is largely context-dependent[44]. However, activation of 
resting B cells by simultaneous involvement of TLR-2 
and the costimulatory molecules CD40 and CD86 could 
be BCR-independent[45,46]. Expressions and activation of 
TLRs in immune cells in HBV infection are illustrated in 
Figure 1. 

CYTIKINES
Cytokines and chemokines play a crucial role in initi
ating, maintaining, and regulating immunological home
ostasis and inflammatory processes. Cytokines are 
released by many different cell types and activate cells 
of both the innate and adaptive immune system[47]. 
Cytokine-mediated immune responses play a pivotal 
role in determining the clinical outcome of HBV infection. 
Different patterns of serum cytokines and chemokines 
are associated with different phases of HBV infection. 
Non-cytolytic intracellular viral inactivation by IFNγ and 
TNF-α play an important role in the clearance of HBV in 
resolved acute HBV infection without killing infected cells. 
The recognition of PAMPs by PRRs such as TLRs, RIG-I 
like receptors, NOD-like receptors results in activation 
of intracellular pathways and leads to the production 
of antiviral, immunoregulatory and proinflammatory 
molecules[48].

TLRs

DCs

Controlling HBV replication

Type Ⅰ IFNs, proinflammatory 
cytokines and chemokines, ISGs

PRRs-related adaptors, such as MyD88, 
RIG-I/MDA5, IRF-3, IRF-7, NF-κB

NK cells Liver 
NPCs

PBMCs CD8+ 
T cells

B cells

Figure 1  Expressions and activation of toll-like receptors in innate 
and adaptive immune cells in controlling hepatitis B virus infection. 
HBV: Hepatitis B virus; NPCs: Non-parenchymal cells; NK: Natural killer; 
IFN: Interferon; TLRs: Toll-like receptors; ISG: Interferon-stimulated genes; 
RIG-I: Retinoic acid inducible gene I; IRF: Interferon-regulatory factors; NF-
kB: Nuclear factor kB; PBMCs: Periperal blood mononuclear cells; MDA5: 
Melanoma differentiation associated gene 5; DCs: Dendritic cells.
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HBV-infected hepatocytes[59].

IL-12
IL-12 is an immunomodulatory cytokine that promotes 
cellular immunity. Research suggests that IL-12-based 
vaccination therapy strongly enhances hepatic HBV-
specific CD8+ T cell responses, restores systemic HBV-
specific CD4+ T cell responses and activates HBsAg-
specific follicular Th-germinal center B cell responses, 
resulting in IFNγ secretion and anti-HBs antibody 
production[55]. Studies have also shown that IL-12 
initiates LSEC-mediated CD8+ T cell immunity[35].

IL-18
IL-18 is produced mainly by activated macrophages, and 
like IL-12, induces IFNγ and TNF-α. It has been shown 
that IL-18 inhibits HBV replication in hepatoma cell lines 
and in the liver through induction of IFN-γ production 
by NK cells and T cells. HBeAg protein may suppress IL-
18-mediated NF-κB signaling in NK and hepatoma cells 
and inhibit expression of IFNγ[60], which contributes to 
the establishment of HBV persistent infection. Studies 
have shown that IL-18 gene polymorphisms affect 
susceptibility to HBV infection and are associated with 
different outcomes of HBV infection. However, the results 
from other studies are conflicting. Motavaf suggested 
that the IL-18 genotype -607 A/A is associated with 
susceptibility to chronic HBV infection[61], while Karra 
indicated that it may be protective against HBV infection 
and associated with spontaneous clearance[62]. Thus, the 
effects of this IL-18 genotype on HBV infection remain to 
be fully elucidated.

IL-22
Despite hepatoprotective and anti-fibrotic functions 
in acute liver injury models, IL-22 exacerbates liver 
inflammation and fibrosis in chronic HBV-infected 
patients and HBV transgenic (Tg) mice by recruiting 
Th17 cells into the liver. IL-22 also induces upregulation 
of numerous IL-22 pathway-associated proinflammatory 
genes in HBV-infected liver tissues and exerts mito
genic and anti-apoptotic effects on hepatocytes[63]. 
Furthermore, IL-22 depletion was shown to significantly 
inhibit recruitment of antigen-non-specific inflammatory 
cells into the liver in HBV Tg mice, while, IFNγ mediated 
non-cytopathic inhibition of virus replication initiated by 
HBV-specific cytotoxic T cells was not affected[64]. This 
indicates that IL-22 has no direct inhibitory effects on 
virus replication.

Transforming growth factor-β and IL-10
Transforming growth factor (TGF)-β is an important 
cytokine for the maturation and differentiation of 
many different immune cells in the liver. This cytokine 
mediates dual immunoregulatory functions involving 
induction of proinflammatory or anti-inflammatory 
responses in cooperation with other soluble factors. 
It suppresses differentiation of Th1 and Th2 cells and 
promotes development of the Th17, Th9, and the Treg 

phenotypes[64]. Thus, TGF-β plays a dual role in HBV 
infection by suppressing immune responses against 
viral infection and inhibiting viral replication. TGF-β1 
suppresses HBV replication primarily through trans
criptional inhibition of pre-genomic RNA[65]. KCs in HBV-
carrier mice express high levels of IL-10 and mediate the 
induction of systemic tolerance in an IL-10-dependent 
manner[66]. Blockade of IL-10 restores NK cell effector 
function in acute HBV infection, indicating that the 
immunosuppressive cytokine environment in chronic HBV 
infection may inhibit the ability of NK cells to produce 
IFNγ and subsequent activation of CD8+ T cells[67]. NK 
cells and regulatory B (Breg) cells also produce elevated 
IL-10 in CHB[68].

Other cytokines
IL-21, derived from HBV-specific CD4+ T cells plays 
key roles in sustaining CD8+ T cells and promoting 
B cell responses that are essential for effective HBV 
control[69]. IL-21 is not only mediates direct and effective 
suppression of HBV replication, but also reduces HBV 
replication by inhibiting IL-10 secretion[70]. However, 
as a mediator of inflammation, IL-21 is also involved 
in the development of HBV-induced liver cirrhosis and 
exacerbating liver injury[71].

IL-35 is a recently identified potent immunosu
ppressive cytokine of the IL-12 family, which is secreted 
by regulatory T (Treg) cells and the newly reported Breg 
cells. IL-35 suppresses the proliferation of HBV antigen-
specific cytotoxic T-lymphocytes and IFNγ production in 
vitro and decreases the proliferation of CD4+CD45RA+ 
naïve T cells and the expansion of CD11c+ DCs ex vivo. 
High expression of IL-35 in CD4+ T cells may be one of 
the factors involved in the inhibition of cellular immune 
responses in chronic HBV infection[71-73].

DCS AND OTHER IMMUNE CELLS
DCs are the most efficient professional APCs, which 
stimulate the initial T cell activation and proliferation. 
Typically, immature DCs capture and process antigens to 
peptides which are then presented in the context of MHC 
class Ⅱ or class Ⅰ molecules. It is generally accepted 
that the function of DCs of patients with chronic HBV 
infection is impaired, resulting in more tolerogenic rather 
than immunogenic responses, which may contribute 
to viral persistence. However, whether DCs in chronic 
HBV patients are phenotypically and functionally equal 
to DCs from healthy donors is still open to discussion. A 
few studies have shown that the frequency and function 
of ex vivo-analyzed mDCs and pDCs are largely intact 
in patients with HBV infection and similar to those of 
healthy donor DCs, with the exception of reduced IFNα 
production by pDC from CHB patients[74]. Treatment of 
MoDCs with HBsAg resulted in enhanced cell surface 
expression of CD80, CD83, CD86 and MHC class Ⅱ, 
and increased production of IL-12 p40, IL-12 p70, and 
IL-10[75]. Nevertheless, other studies showed that the 
pDCs isolated from CHB patients have lower expression 
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of HLA-DR and the costimulatory molecules CD80 and 
CD40, leading to low allo-stimulatory function, and lower 
levels of IFN-α and IL-12 production[76-78]. The major role 
of DCs in CHB immunopathogenesis mainly involves 
their interaction with other cells of the innate or adaptive 
immune systems.

DC s and NK cells
NK cell functions are closely related to those of DCs. 
DCs play a crucial role in the NK cell activation and a 
reciprocal functional interaction between NK cells and 
either pDCs or mDCs may play an important physio
logical role in the regulation of both innate and adaptive 
immune responses[79-81]. DCs efficiently enhances NK 
cell expression of CD69, proliferation, IFNγ secretion 
and cytotoxic activity. Studies have suggested that 
membrane-associated molecules, as well as soluble 
factors such as IL-12, TNF-α and type Ⅰ IFNs, contribute 
to DC-mediated NK cell activation[82] and subsequent 
adaptive immune responses. CHB patients display a 
diminished functional interaction between poly(I:C)/
IFNγ activated mDC and NK cells due to impaired mDC 
function and reduced IFNγ production compared to 
those of healthy individuals. Furthermore, restoration of 
TLR3-activated mDC activity leads to improved NK cell 
function, which underlies the impaired DC-induced NK 
cell dysfunction in CHB[83].

NK cells also promote the DCs maturation and mar
kedly augment their capacity to produce proinflamma
tory cytokines and to stimulate T cell responses. The 
NK cell-mediated effects on DCs are dependent on 
cell membrane-associated molecules, such as NKp30 
and soluble factors, such as TNF-α and IFNγ[82]. The 
intrahepatic pool of NK cells also plays a key role in the 
regulation of DC function in CHB patients[80]. Therefore, 
it can be speculated that enhancing this reciprocal 
interaction will reinforce the innate and thus, the adaptive 
immune response, which may contribute significantly to 
achieving effective antiviral immunity[81].

DCs and HBV-specific CD8+ T cells
Experimental evidence has shown that HBV-specific 
T cell responses are essential for the control of HBV 
infection. In chronic HBV infection, virus-specific CD8+ 
T cells are recruited to the liver, but are functionally or 
quantitatively impaired[84]. Typically, DCs activate resting 
T cells to initiate immune responses. Impaired DC 
function in patients with CHB may lead to insufficient 
T cell responses to HBV, which may be associated with 
persistent viral infection. HBV particles and purified 
HBsAg both contribute to the mDC dysfunction[85,86] and 
inhibit the antiviral function of autologous lymphocytes 
manifested by decreased IFNγ and IL-2 production and 
increased IL-10 secretion. A recent study demonstrated 
that HBcAg-pulsed DCs derived from CHB patients 
exhibited a stronger capacity to stimulate autologous 
CD4+ and CD8+ T cells to release IFNγ and induce HBV 
core 18-27 specific CTLs[87]. Furthermore, CpG-activated 
pDCs act synergistically in vitro with HBcAg-pulsed 

moDCs (core-DC) in inducing autologous HBV-specific 
CD8+ T cell proliferation and IFNγ production[88]. Thus, 
mature DCs efficiently induce Th1 polarization of T cells 
and generate HBcAg-specific CTLs. In addition, liver-
resident CD103+ DCs are also highly immunogenic in 
hepatotropic viral infections and serve as a major APC 
to support the local CD8+ T cell responses[89].

DCs and Treg cells
Circulating CD4+ CD25+ Tregs have been demonstrated 
to maintain immunotolerance and suppress antigen-
specific or antigen-non-specific T cell responses. In CHB 
patients, the frequency of CD4+ CD25 (high) Tregs is 
increased and correlates positively with serum viral load 
and has been shown to suppress HBV antigen-stimulated 
autologous PBMC proliferation and IFNγ production in 
vitro[90]. In CHB patients, DCs induce the expansion of 
Tregs, which continue to express high levels of forkhead 
box P3 (Foxp3) protein[91]. Furthermore, Tregs induced 
by NK-primed DCs are capable of inducing a suppressor 
effect via the negative co-stimulation of PD-1[92]. On the 
other hand, when triggered by a specific antigen, Tregs 
act on immature DCs via a feedback mechanism to 
block the upregulation of the costimulatory molecules, 
CD80 and CD86[91].

NK CELLS, NKT CELLS AND ADAPTIVE 
CELLS
NK cells represent the main effector cell population 
involved in innate immune responses against intra
cellular pathogens and tumor cells through their cytolytic 
activity and production of cytokines. NK cells are 
enriched in the liver, with a frequency of 30%-50% of 
intrahepatic lymphocytes in humans, which is 10-12-fold 
higher in CHB patients compared to healthy controls[93]. 
NKT cells share characteristics with innate lymphocytes 
and classic NK cell markers that link innate and adaptive 
immunity[94,95]. CD1d-restricted invariant NKT (iNKT) cells 
are a group of innate-like regulatory T cells, which play a 
central role in the regulation of the liver environment[96]. 
In addition to the direct killing of viral-infected cells 
without antigen-specific priming, NK cells regulate 
adaptive immune responses by producing interferon 
IFNγ, TNF-α and immunoregulatory cytokines[97]. The 
ability of NK cells to modulate T cell responses can be 
mediated through direct T-NK interactions, cytokine 
production, or indirectly through DCs and other cell 
types. Early NK cell interactions with other immune 
cells can have long-lasting effects on the number 
and quality of memory T cells, as well as impacting 
the exhaustion of T cells during chronic infections[98]. 
Evidence supporting the role of NK cells in acute HBV 
infection is conflicting. One study demonstrated that the 
activation and cytokine-producing function of NK cells 
was impaired in acute HBV patients[69], while another 
study demonstrated that NK cell activation and the 
development of NK and NKT cell responses is earlier 
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than that of HBV-specific T cells, which may contribute 
to limiting the spread of HBV and lead to the timely 
induction of adaptive responses[99].

It is becoming increasingly apparent that NK cells 
exert a detrimental effect on the host during chronic 
HBV infection. As reviewed by Schuch et al[100], NK cells 
regulate adaptive immune responses by exhaustion of 
HBV-specific CD8+ T cells, probably by producing IL-10 
and TGF-β on activation[101-104], upregulation of tumor 
necrosis factor-related apoptosis-inducing ligand[105] 
and by diminishing APC function during persistent virus 
infection[106]. NK cell depletion can improve memory T 
cell formation[107] and control persistent infection[108]. 
The absence of the inhibitory receptor 2B4 on NK cells 
resulted in a reduced virus-specific CD8+ T cell response 
that led to prolonged viral persistence[109]. Human 
regulatory NK cells (NKreg), which are a subgroup of 
NK cells, have been shown to produce IL-10 and reduce 
the proliferation of antigen-specific CD4+ T cells in 
vitro[110]. NKreg cells can also limit virus-specific CD8+ 
T cell immunity and promote chronic virus infection or 
immune pathology[92]. Furthermore, in a mouse model 
of acute infection, NK cells have also been shown to 
inhibit the generation of virus-specific memory T- and 
B-cells as well as virus-specific antibody production 
in a perforin-dependent manner[111]. iNKT cells play a 
central role in the regulation of the liver environment. 
Upon activation, iNKT cells secret large amounts of both 
Th1 and Th2 cytokines and play key regulatory roles 
in antimicrobial immunity[96]. One report showed that 
the number and cytokine-producing function of iNKT 
cells were comparable in CHB patients and healthy 
controls, while another study showed that iNKT cell 
frequency decreased with disease progression in CHB 
patients[112]. When activated by the ligand, alpha-
galactosylceramide (alpha-GalCer), Vα14-positive NKT 
cells strongly enhance the induction and proliferation 
of HBsAg-specific CTLs in mouse models and promote 
the disruption of tolerance to HBV-specific CD8+ T cell 
antigens[113].

ADAPTIVE IMMUNE CELLS 
B cells and T cells
Anti-HBs antibodies play an important role in the 
clearance of HBV particles in the blood and protection 
against reinfection of hepatocytes[114]. Memory B cell res
ponses are indicative of a resolved previous infection[115] 
because the appearance of anti-HBs antibodies occurs 
relatively late after HBV exposure, and are usually 
absent in the clinical symptomatic phase of infection 
as well as in the chronic stage. The role of anti-HBs-
positive B cells in the resolution or the pathogenesis of 
infection has been underestimated. In addition to anti-
HBs production, B cells can act as APCs for antiviral 
CD4+ T cells[116]. A number of studies have yielded 
contradictory findings. Xu et al[117] suggested that 
expression of CD80, serum HBs antibody levels and the 
frequency of HBsAg-specific B cells were significantly 

decreased in CHB patients compared with healthy 
control subjects. In contrast, another study showed 
that there were no differences in the frequencies of 
B-lymphocytes expressing CD80 and CD86 between 
CHB patients and healthy controls[118]. Some data 
indicated that interactions between B and T cells may 
contribute to immunotolerance in mouse models with 
B cells as predominant APCs[119]. Sustained exposure to 
viral antigens can lead to an increase in the frequency 
of B cells with an exhausted phenotype in the liver[120] 
as well as the induction of negative costimulatory 
molecules, such as PD-1 and CTLA-4[121]. In contrast, 
some evidence demonstrates that an overwhelming B 
cell response plays a key role in HBV-associated acute 
liver failure[122,123]. Therefore, the function of B cells in 
HBV infection requires further investigation.

CD4+ T cells and CD8+ T cells
Evidence of the role of CD4+ T cells in the control of HBV 
infection is conflicting. Some data show that, similar 
to CD8+ T cells, the CD4+ T cell response in the acute 
phase of self-limiting infection is significantly greater and 
multi-specific than in the chronic phase. Furthermore, 
the induction of functional HBV-specific CD8+ T cell 
responses is dependent on early CD4+ T cell priming 
prior to HBV spread[114]. While CD4+ T cell depletion 
at the peak of HBV infection had no effect on viral 
replication in infected chimpanzees[124], depletion prior to 
HBV infection resulted in quantitatively and functionally 
impaired HBV-specific CD8+ T cell responses[125]. In the 
absence of early CD4+ T cell responses, intrahepatic 
CD8+ T cell priming results in T cell inactivation, tolerance 
or apoptosis[126,127]. Functional impairment of T cells 
may also contribute to hyperactivation of regulatory 
CD4+ FoxP3+ T cells that suppress virus-specific T cells, 
thereby affecting the quality and intensity of antiviral 
responses. In CHB patients, the frequency of circulating 
CD4+CD25+ Treg cells correlates significantly with serum 
viral load and liver injury[128]. Th17 cells, another CD4+ T 
cell subset, may contribute to disease progression and 
the pathogenesis of liver injury in HBV-infected patients. 
An increased Treg/Th17 ratio and the Th17 frequency 
at onset have significant predictive value for survival 
of patients with HBV-related acute-on-chronic liver 
failure[129,130].

LIVER CELLS AND ADAPTIVE IMMUNE
Liver cells include NPCs and hepatocytes. Under normal 
conditions, resident liver LSECs and KCs secrete IL-10 
and TGF-β, maintaining a tolerogenic environment 
and restraining inflammatory responses to foreign 
antigens, such as HBV[67,131]. LSECs, as one type of 
local APC, are capable of antigen cross-presentation 
and subsequent tolerization of naive CD8+ T cells. 
Under certain conditions, LSECs can switch from a 
tolerogenic to an immunogenic state and promote the 
development of T cell immunity[131]. As in the setting 
of acute HBV infection, liver cells might be able to 
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sense HBV infection and mount antiviral effects via an 
IFN response[132]. Furthermore, LSEC-mediated cross-
presentation of soluble, circulating or hepatocyte-
derived antigens to naïve CD8+ T cells results in the 
development of antigen-experienced memory-like T 
cells[133]. LSECs and KCs can reduce TLR expression 
leading to the inactivation of innate immunity[134]. LSECs 
are the major liver cell type responsible for the induction 
of TGF-β-dependent hepatic CD4+ CD25+ Foxp3+ Treg 
cells, which contribute to the tolerogenic features of 
the intrahepatic microenvironment[135,136]. In contrast 
to activated professional APCs, intrahepatic antigen 
presentation by HBV-positive hepatocytes suppresses 
HBV-specific CD8+ T cell responses or mediates T cell 
apoptosis via the PD-1/ PD-L1 pathway[137]. This may in 
part, explain the development of the tolerogenic hepatic 
microenvironment and the occurrence of persistent 
HBV infection in the liver. Thus, precise quantitative and 
qualitative regulation of CD4+ T responses is required 
to initiate the activation of CD8+ T cells to control the 
infection.

CONCLUSION
The innate immune system is the first line of host defense 
against infection immediately after the pathogen invasion. 
Its functions depend largely on multiple regulators, 
including TLRs and cytokines, mainly type Ⅰ IFN and 
subsequent activation of adaptive immune responses. 
Initiation of effective adaptive immune responses, 
especially HBV-specific CD8+ T cell responses, is central 
to the control of HBV infection. Efficient clearance of viral 
infections requires the synergistic interaction of both 
innate and adaptive immune responses, which is vital 
for the development of long-lasting immunity. A better 
understanding of these complex interactions and their 
role in HBV infection is essential for designing effective 
immunotherapeutic regimens for CHB and designing 
new combination treatment strategies for the eradication 
HBV[138].
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Abstract
Rectal varices are portosystemic collaterals that form as 
a complication of portal hypertension, their prevalence 
has been reported as high as 94% in patients with 

extrahepatic portal vein obstruction. The diagnosis is 
typically based on lower endoscopy (colonoscopy or 
sigmoidoscopy). However, endoscopic ultrasonography 
has been shown to be superior to endoscopy in dia
gnosing rectal varices. Color Doppler ultrasonography is 
a better method because it allows the calculation of the 
velocity of blood flow in the varices and can be used to 
predict the bleeding risk in the varices. Although rare, 
bleeding from rectal varices can be life threatening. The 
management of patients with rectal variceal bleeding 
is not well established. It is important to ensure 
hemodynamic stability with blood transfusion and to 
correct any coagulopathy prior to treating the bleeding 
varices. Endoscopic injection sclerotherapy has been 
reported to be more effective in the management of 
active bleeding from rectal varices with less rebleeding 
rate as compared to endoscopic band ligation. Trans
jugular intrahepatic portsystemic shunt alone or in 
combination with embolization is another method used 
successfully in control of bleeding. Balloon-occluded 
retrograde transvenous obliteration is an emerging 
procedure for management of gastric varices that has 
also been successfully used to treat bleeding rectal 
varices. Surgical procedures including suture ligation 
and porto-caval shunts are considered when other 
methods have failed.

Key words: Rectal varices; Portal hypertension; Liver 
cirrhosis; Colonoscopy; Gastrointestinal bleeding 
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Core tip: Rectal varices complicate portal hypertension. 
Although rare, bleeding from rectal varices can be life 
threatening. There are no established guidelines for the 
treatment of rectal varices. In this article, the authors 
review endoscopic, radiological, and surgical techniques 
which have been suggested to be effective in the 
management of bleeding rectal varices.
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INTRODUCTION
In 1954, Cabot et al[1] discussed the first reported case 
of bleeding rectal varices. Ganguly et al[2] defined rectal 
varices as dilated veins that originate more than 4 cm 
above the anal verge, clearly distinct from hemorrhoids, 
and not contiguous with the anal columns and/or pec­
tinate line. The incidence of rectal varices in cirrhotic and 
non-cirrhotic patient varies in different reports and ranges 
between 38% and 94%[3,4]. Their prevalence in patients 
with cirrhosis is between 38% and 56%, whereas their 
prevalence in extrahepatic portal vein obstruction was 
reported between 63% and 94%[3,5]. Despite the high 
prevalence of rectal varices, clinically significant bleeding 
is rare and occurs in 0.5%-5% of patients[6].

While the management of esophageal varices 
has been well established[7], the optimal treatment of 
rectal varices remains to be determined. Endoscopic 
therapies, Transjugular Intrahepatic Portosystemic Shunt 
placement (TIPS), balloon-occluded retrograde trans­
venous obliteration (BRTO), and surgical management 
are some of the therapeutic options for management of 
rectal varices. The purpose of this article is to provide an 
updated review of current management of rectal varices. 

PATHOGENESIS 
Rectal varices are collaterals between the portal and 
systemic circulations that manifest as a dilation of the 
submucosal veins and constitute a pathway for portal 
venous flow between the superior rectal veins which 
branch from the inferior mesenteric system and the 
middle inferior rectal veins from the iliac system[8].

The normal hepatic venous pressure gradient (HVPG) 
ranges between 1 and 5 mmHg, becomes clinically 
significant when it reaches 10 mmHg and varices usually 
develop when the value of HVPG increases to at least 12 
mmHg[9,10]. In the western hemisphere, sinusoidal portal 
hypertension secondary to liver cirrhosis is the most 
common cause of portal hypertension. There is a direct 
correlation between the progression of cirrhosis reflected 
by the Child Pugh or MELD scores and the degree of 
hyperdynamic circulation[11,12]. Hosking et al[13] studied 
100 patients with cirrhosis and reported that the overall 
prevalence of rectal varices was 44%, this prevalence 
increased with the degree of portal hypertension. The 
authors described rectal varices in 19% of patients 
with cirrhosis without esophageal varices, 39% in 
patients with esophageal varices without history of 
bleeding, and 59% in patients with esophageal varices 
and history of bleeding. In this study, hemorrhoids 
occurred independently of the presence of rectal varices 
and 30% of patients had rectal varices and coexistent 
hemorrhoids[13]. 

There have been conflicting reports regarding 
the occurrence of rectal varices after obliteration of 
esophageal varices. However, a large study conducted 
in Japan by Watanabe et al[14] reported that 95% of 
patients with rectal varices had a history of esophageal 
varices and 87% of these patients had previously under­
gone endoscopic variceal obliteration for esophageal 
varices. The mechanism of rectal varices after treatment 
of esophageal or gastric varices is thought to be the 
result of obliteration of supplying vessels such as the left 
gastric, posterior gastric and short gastric veins leading 
to development of collateral vessels of the inferior 
mesenteric venous system and thus the formation of 
rectal varices. In this nationally representative study in 
Japan, the most frequent afferent vessel to the rectal 
varices was the inferior mesenteric vein, followed by the 
superior rectal vein and the efferent vessels included the 
internal iliac vein and the inferior rectal vein[14].

DIAGNOSIS
Endoscopy 
Endoscopy is the main method for diagnosing rectal 
varices. They are visualized as blue tinted submucosal 
elevations located near the anus[15]. Rectal varices 
may be confused with internal hemorrhoids because 
of their location. However, hemorrhoids are not related 
to portal hypertension. Hemorrhoids result from a 
displacement of the anal cushions and hyperperfusion 
of the arteriovenous plexus vascular cushions without 
direct communication with any of the major branches of 
the portal venous system[16]. 

According to the general rules for recording endo­
scopic findings of esophago-gastric varices prepared 
by the Japanese Research Committee on Portal Hyper­
tension, all codes for esophageal varices are used to 
describe ectopic varices including rectal varices[15]. 
Varices are classified into four groups according to their 
shapes and sizes. When there are no varices (F0), 
small and straight (F1), enlarged and tortuous (F2) and 
large and coil-shaped (F3). The color (C) of the varices 
is classified as either white (Cw) or blue (Cb). The 
dilated, small vessels or telangiectasia on the variceal 
surface is referred to as the red color sign (RC) which 
endoscopically indicates a high risk of bleeding. RC signs 
are graded as 0, 1, 2 or 3 according to their density and 
distribution. RC0 refers to no RC sign, RC1 to only a few 
RC signs, RC2 to several RC signs and RC3 to many RC 
signs. The bleeding signs as well as the mucosal findings 
can also be evaluated and described by endoscopy[15] 
(Table 1). 

Endoscopic ultrasound 
Conventional endoscopic ultrasound (EUS) reveals 
rectal varices as rounded, oval, or longitudinal echo free 
structures in the submucosa and also shows perirectal 
collateral veins outside the rectal wall. EUS can detect 
deep rectal varices in a large proportion of patients who 
do not have identified varices on routine endoscopy[17]. 
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Dhiman et al[18] showed that EUS is better than 
endoscopy in detecting rectal varices (85% vs 45%) and 
in determining their number. Sato et al[19] demonstrated 
that intramural rectal varices, perirectal collateral veins, 
and the communicating veins between intramural rectal 
varices and perirectal collateral veins could be observed 
clearly with an ultrasonic microprobe. They also showed 
that the mean velocity of blood flow in rectal varices in 
the patients with rectal bleeding was significantly higher 
than in those cases experiencing no bleeding which 
indicates that the color doppler ultrasonography may be 
helpful in identifying high-risk group for rectal variceal 
rupture via the measurement of velocity[20]. Endoscopic 
color Doppler ultrasonography is better equipped than 
conventional EUS to evaluate the hemodynamics of 
varices, it can detect rectal varices through color flow 
images, calculate the velocity of blood flow in rectal 
varices for an effective and safe endoscopic variceal 
management[21].

TREATMENT 
Medical management 
The management of bleeding rectal varices essentially 
includes prompt resuscitation and correction of coagu­
lopathy. The intravascular volume repletion is done with 
crystalloids and packed red blood cells. The Asian Pacific 
Association for the Study of the Liver recommends to 
maintain systolic blood pressure between 90-100 mmhg, 
and the heart rate below 100 beats/min[22]. The goal of 
blood transfusion is a hemoglobin level approximately 8 
g/dL (hematocrit of 24)[7]. A short course of prophylactic 
antibiotic therapy should be administered to improve 

survival and decrease the risk of spontaneous bacterial 
peritonitis in all patients presenting with cirrhosis and 
gastrointestinal bleed including rectal bleeding[23]. There 
are no randomized control trials to recommend the use 
of vasoactive drugs such as vasopressin, terlipressin 
or octreotide in bleeding rectal varices. However, these 
drugs have a proven benefit in the management of 
bleeding gastro-oesophageal varices and hence can be 
considered for use in bleeding rectal varices[24].

Endoscopic management 
Endoscopic injection sclerotherapy: Endoscopic 
injection sclerotherapy (EIS) was first reported to be 
useful for treatment of rectal bleeding in 1985[25]. Later 
on, other case reports of successful EIS for treatment 
of bleeding rectal varices were published[26-28]. Sato et 
al[29] performed EIS using 5% ethanolamine oleate with 
iopamidol, which was injected intermittently under fluo­
roscopy in 32 patients. The patients were successfully 
treated without serious complications. The authors 
suggested the necessity to evaluate the hemodynamics 
of the rectal varices before EIS to avoid severe com­
plications such as pulmonary embolism. They also 
recommended injecting the sclerosant slowly under 
fluoroscopy. The recurrence rate in this series was 24% 
over the 1-year follow-up period. 

Endoscopic band ligation: Endoscopic band ligation 
(EBL) has been well studied and its efficiency in treating 
bleeding esophageal varices is well known[30,31]. EBL has 
also been used in treatment of gastric varices. However, 
its efficacy in this regard is equivocal[32,33]. In 1996, 
Kojima et al[34] used EBL in the management of bleeding 
rectal varices. Subsequently, Uno et al[35] reported a 
successful use of EBL to treat bleeding rectal varices 
after failure of sclerotherapy in a child with extrahepatic 
portal hypertension. Long term follow up of 46 mo 
after successful use of EBL in treatment of bleeding and 
obliteration of rectal varices as the initial therapy in an 
adult patient was reported by Firoozi et al[36] EBL is a safe 
and effective therapy for rectal varices, however the risk 
of recurrence is high[34,37]. Sato et al[38] compared EIS to 
EBL in the management of rectal varices. EIS appeared 
to be superior to EBL with regard to effectiveness. The 
recurrence rate was less with EIS 33.3% vs 55.6% with 
EBL. No complications were noted with EIS, however 
one patient who received EBL developed bleeding 
ulcer[38].

Cyanoacrylate injection: Cyanoacrylate glue is 
an accepted therapeutic method for gastric varices, 
although its use is off-label in the United States[39]. It 
was first described by Soehendra et al[40]. This glue 
preparations work by immediate polymerization upon 
contact with blood, causing vascular obstruction and 
is eventually extruded into the gastric lumen, typically 
about 1 mo after injection[41,42]. Weilert et al[43] reported 
a case of rectal varix managed successfully with EUS-
guided cyanoacrylate injection and embolization coils. 
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Table 1  The general rules for recording endoscopic findings 
of varices prepared by the Japanese research committee on 
portal hypertension[15] 

Form (F) F0: No varicose appearance
F1: Straight, small-caliber varices

F2: Moderately enlarged, beady varices
F3: Markedly enlarged, nodular or tumor-shaped 

varices
Color (C) Cw: White varices

Cb: Blue varices
Cw-Th: Thrombosed white varices
Cb-Th: Thrombosed blue varices

Red color signs RWM: Red wale markings
(RC) CRS: Cherry red spots

HCS: Hematocystic spots
RC(-): Absent

RC(+): Small in number and localized
RC(++): Intermediate between (+) and (+++)

RC(++ +): Large in number and circumferential
Te: Telangiectasia

Bleeding Gushing bleeding
signs Spurting bleeding

Oozing bleeding
Red plug

White plug
Mucosal findings E: Erosion

Ul: Ulcer
S: Scar
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BRTO: Developed by Kanagawa et al[62] in the early 
1990s, the BRTO procedure is an endovascular technique 
that causes occlusion of outflow portosystemic shunt, 
such as a gastrorenal shunt, using an occlusion balloon 
followed by the endovascular injection of a sclerosing 
agent directly into the gastro-variceal system[57,62]. 
For the past two decades, this procedure has become 
common practice in Asia for the management of gastric 
varices. It is now becoming more popular in the United 
States. It has been shown to be effective in controlling 
gastric variceal bleeding with low rebleeding rates. BRTO 
has many advantages over TIPS. It is less invasive and 
can be performed on patients with poor hepatic reserve 
and those with encephalopathy[63]. Anan et al[64] reported 
a case of successful treatment of colonic varices by 
means of BRTO in a patient with hepatic encephalopathy 
leading to resolution of the encephalopathy and 
worsening of preexisting esophageal varices. This 
reflects postprocedural increased portal hypertension. 
A more recent article reported the success of BRTO as 
an additional therapy to surgical suture in controlling 
bleeding rectal varices with 1.26 cm feeding vessel. 
However, the patient died 6 mo later from liver failure[65]. 

Surgical management 
Surgery has been used for treatment of rectal varices 
mainly when endoscopic management has failed. 
Surgical methods include simple suture ligation, inferior 
mesenteric vein occlusion and porto-caval shunt surgery. 
The later has been shown to be effective in controlling 
life threatening bleeding. However, the majority of 
patients presenting with bleeding rectal varices have a 
poor general condition and are not good candidate for 
these major surgical procedures[66]. The mortality in 
these patients is high and is mainly secondary to liver 
failure. Bittinger et al[66] reported 80% mortality within 
2 mo despite adequate local treatment of the rectal 
varices. 

Direct suture ligation is a technically challenging 
option and often not successful. However, the stapled 
approach seems to be a suitable alternative. Stapled 
procedure for the control of bleeding varices was first 
reported in 2002 by Botterill et al[67]. The authors 
reported a circumferential stapling device was used to 
successfully control bleeding ano-rectal varices after 
failure of injection sclerotherapy and band ligation. 
In 2005, another case report also demonstrated that 
stapled procedure may be an effective means of blee­
ding control[68]. A case series of nine patients was 
published by Kaul et al[69] with successful control of 
bleeding following a circumferential stapled procedure. 
Four of the nine patients were previously treated with 
endoscopic therapy (three with banding and one with 
injection sclerotherapy). No further rebleeding was noted 
during the follow up period of 4 to 24 mo. 

CONCLUSION 
Bleeding rectal varices can be a life threatening 

The use of coils is believed to provide a scaffold to retain 
glue within the varix, thereby minimizing the risk of 
embolization and allowing for a decreased volume of glue 
injection for variceal obliteration[43]. Color Doppler-EUS 
has been used to diagnose submucosal endoscopically 
inevident rectal varices bleeding and to manage it by 
histoacryl glue injection[44]. The most serious adverse 
events of glue injection therapy is systemic embolization 
and sepsis which has been reported secondary to 
embolized glue acting as a septic focus[45]. Embolization 
into the arterial circulation (via a patent foramen ovale 
or arteriovenous pulmonary shunt) can result in stroke 
and multiorgan infarction[45].

Interventional radiology 
TIPS: TIPS is a minimally invasive and effective method 
used for management of rectal varices during active 
bleeding. It can serve both as a bridge to transplantation 
and as the definitive therapy in patients who are not 
good candidates for surgery[24]. TIPS was first used 
in 1993 by Katz et al[46] in a patient with repeated 
bleeding from anorectal varices (ARV) with marked 
decompression of the varices 24 h after placement of 
the TIPS. The patient had no recurrent bleeding after 
6 mo of follow up. Several case reports and small case 
series of bleeding ARV successfully managed with TIPS 
have been described in the literature[47-55]. Kochar et 
al[56] reported in 2008 the largest series of patients (n 
= 28) with bleeding ectopic varices, 12 of them were 
rectal varices treated by TIPS placement. Hemostasis 
was effectively achieved in 67% of the patients. This 
was achieved solely with TIPS without concomitant 
embolization in 21 of the 22 (95%) patients and in 
three of the five (60%) patients who had TIPS and 
concomitant variceal embolization. Rebleeding from 
ectopic varices occurred in five (21%) patients. In two 
(40%) patients, the rebleeding was secondary to shunt 
dysfunction and responded to revision of the shunt. 
However, rebleeding occurred in three patients despite a 
functioning shunt with low portal pressure gradients[56].

Embolization: Embolization is a procedure performed 
by interventional radiologist to occlude the feeding 
vein to the rectal varices. It can either be performed 
alone or in combination with band ligation or TIPS[53,57]. 
When used alone, embolization results in high 1 year 
rebleeding rates[54]. The combination of TIPS and 
embolization has been described as efficient in the 
prevention of recurrent bleeding from esophagogastric 
varices[58]. After embolization, the communication of 
the portal vein and the rectal veins remains partially 
interrupted even after shunt stenosis. Hence, the 
increase of the pressure in the portal vein is not directly 
transmitted into the rectal plexus[53]. Ahn et al[59] 

reported recently a case of recurrent bleeding after 
successful TIPS treated with variceal embolization. 
Various embolization materials are used, including coils, 
gelfoam, thrombin, collagen, autologous blood clot and 
ethanol[60,61].
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condition in patients with portal hypertension and should 
be considered in the differential diagnosis of these 
patients when they present with lower gastrointestinal 
bleeding. 

The management of rectal varices is multidisciplinary 
and involves gastroenterologists, interventional radio­
logists and surgeons. There are no established guidelines 
to define the appropriate management strategies for 
rectal varices. Published studies consist mainly of case 
reports and series. This article provides a review of the 
literature summarizing the different therapeutic options 
to manage rectal varices. 
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