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Background:  

Hepatitis B virus (HBV) infection is the major cause of hepatocellular carcinoma 

(HCC) in Taiwan. The standardized mortality rates of chronic liver diseases and liver 

cirrhosis are higher in Taiwanese aborigines than non-aborigines. However, the 

standardized mortality rate of HCC is slightly lower in Taiwanese aborigines. High 

HBV DNA, positive HBeAg and genotype C have been shown be the risks for the 

HBV-related HCC. Therefore, in this study we further investigated the distributions of 

HCC related risk factors in HBV patients and HBV genotype among different regional 

areas and ethnic groups. 

Materials and methods:  

A total of 3,488 patients (1,527 aborigines and 1,961 non-aborigines) with HBV 

infection were recruited from various regions in Taiwan. Basic background information 

and blood samples were collected and abdominal ultrasound examinations were done. 

The blood samples were checked for AST, ALT, AFP, HBeAg, anti-HBe, HBV DNA 

by Real-Time PCR (polymerase chain reaction, PCR) and genotype by nested PCR 
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(nested polymerase chain reaction) and multiplex-PCR (multiplex-polymerase chain 

reaction). The accuracy of HBV genotypes was validated with full length sequence.  

Results:  

There were no differences in the mean age (50 years old) and mean ALT levels (39 

U/L) between aborigines and non-aborigines. However, lower HBeAg-positive rate 

(5.3% vs. 10.2%, p<0.0001), lower rate of HBV DNA > 2,000 IU/ml (27.4% vs. 36.7%, 

p<0.0001), higher rate of drinking habit 40.0% vs. 19.3%, p<0.0001 were noted in 

aborigines than non-aborigines. Among 1,178 patients with complete data of genotype 

and HBeAg, the prevalence of genotype B in aborigine group was higher (92.7%) than 

that in non-aborigine group (72.7%) in any age group (p<0.05), especially in Tsou 

(97%). The dominant genotype was C in non-aborigines in Penghu County and 

Lienchiang County (60%) and was genotype B in the countries of Taiwan island (89%). 

Besides, our research found 13 patients with genotype D, a very rare genotype in 

Taiwan. Patients with genotype D were clustered in the local Paiwan tribe of Pingtung 

County. These subjects had higher HBV DNA (greater than 2,000 IU/ml) without the

experience of sharing needles with others and some of them had received blood 

transfusion or surgeries or tattoo or piercings.  
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Conclusion:  

We found Taiwanese aborigines who belong to Austronesian language populations

have lower HBV DNA viral load, lower HBeAg-positive rate and higher prevalence of 

HBV genotype B when compared with non-aborigines. Therefore, HBV infection is not 

the major cause of the death of chronic liver diseases in Taiwanese aborigines. A cluster 

of patients with HBV genotype D was found in the local area of southern Taiwan. 

Key Words: Taiwanese rural areas, aborigine, hepatitis B virus (HBV), genotype, HBV 

DNA, HBeAg-positive rate, Austronesian language populations 
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INTRODUCTION

Background 

Section I: The Importance of Hepatitis B in Taiwanese aborigines and non-aborigines  

There are an estimated 400 million people with hepatitis B virus (HBV) infection 

worldwide, of which 15-40% suffer from liver cirrhosis, hepatic failure or 

hepatocellular carcinoma (HCC). Every year, approximately 500,000 people die of 

HCC [1-4].  

In Taiwan, there are approximately 5,000 people who die of chronic liver disease 

and liver cirrhosis, and another 7,700 people die of HCC annually. It is the second most 

common cancer death overall and the most common cancer death amongst the male 

population. HCC in Taiwan is primarily caused by HBV infection, followed by hepatitis 

C virus (HCV) infection and other liver diseases [5-7].  

Research surveys show that about 15-20% of adults in Taiwan are HBV carriers [6, 

8]. Since the government made neonatal hepatitis B vaccine injection mandatory in 

1984, HBV carrier rate has dropped to about 1%, and the percentage of children 

suffering from HCC has been reduced significantly [9-10].  

The geographical prevalence of HBV infection in Taiwan varies dramatically. 
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Higher mortality rates of chronic liver diseases and lower survival rates of HCC are 

observed in rural areas. In addition, there is a higher survival rate in the northern region 

compared to central and southern regions, and in urban areas compared to rural areas 

[7-8, 11]. 

In terms of ethnic groups, HBV prevalence within Taiwanese aboriginal 

populations is higher than Taiwan's other ethnic groups, such as the Atayal tribe. Even 

within the aboriginal communities, significant differences exist. Higher standardized 

mortality rate of chronic liver diseases and liver cirrhosis is noted in Taiwanese 

aborigines who have lower standardized mortality rate of HCC. Moreover, the major 

causes of death in 25-44 age group are chronic liver diseases and liver cirrhosis [14]. In 

summary, male Taiwanese aborigines, aborigines in mountain areas, the Atayal tribe 

and the Bunun tribe are high-risk groups for chronic liver diseases, liver cirrhosis and 

HCC mortality [12-14].  

Recent studies indicate that many factors could increase the risk of developing into 

HCC in HBV carriers. These factors include: whether hepatitis B virus e-antigen 

(HBeAg) is positive or not; the HBV DNA viral load level; alanine aminotransferase 

(ALT) values; HBV genotypes, whether HBV mutates in its basal core promoter (BCP) 

or precore region; age; gender; etc [15-26]. Male, people with older age, and those with 
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abnormal ALT, HBeAg-positive, cirrhosis, high HBV DNA, genotype C, precore 1896 

location free of mutation and mutations at BCP (1762/1764) are at a higher risk. The 

HBV virus load can be reduced by lowering the amount of virus in blood via drug 

treatments, as they reduce the incidence of HCC [26].  

Section II: Introduction to Hepatitis B Virus  

Hepatitis B surface antigen (HBsAg) was first discovered in the serum of 

Australian aborigines by Dr. Blumberg in 1965. Hepatitis B virus is a part of the 

Hepadnaviridae family of viruses. The virus is a spherical double-layered particle with a 

diameter of 42 nm. The virus is composed of 3 parts--an outer envelope which contains 

surface protein, an inner nucleocapsid shell composed of core proteins, and the core 

particle surrounds the partially double-stranded, relaxed circular deoxyribose nucleic 

acid (DNA) and the polymerase [28-29] (Figure 1).  

The viral DNA structure consists of one complete negative sense strand and one 

partial positive sense strand. The locations prone to mutation in viral replication process 

are precore 1896, basal core promoter, BCP T1762/A1764, and genetic defect at per-S. 

The annual mutation rate at these gene locations is about 1.4 ~ 3.2x10 -5 per one site. 

The long-term evolution of the hepatitis B virus leads to the changes in hepatitis B 
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virology, such as the formation of many different types of genotypes, sub-genotype, 

gene point mutations or defects, recombinant, and so on. Studies have found that these 

changes interplay the risk of patients with HBV infection developing into liver cirrhosis 

and HCC [28, 32] (Figure 2).  

Section III: Hepatitis B Virus Genotype Distribution and its Pathology 

Just as the members of the human race have different genes, traits, and geographic 

distribution, HBV likewise has various characteristics. As far as we know, up to this day 

there are mainly 10 types of Hepatitis B virus genotypes --A, B, C, D, E, F, G, H, I and 

J--listed according to the time they were identified (Figure 3).  

Regional viral genotype prevalence is different around the world. In Taiwan and 

East Asia, genotypes B and C are most common--Genotype C is prevalent in the north 

of the Yangtze River while genotype B is prevalent in the south of the Yangtze River. In 

the Solomon Islands, there are mainly genotypes C and D. In Europe and South Asia, 

there are mostly genotypes A and D. In the United States and Australia, the genotype is 

more diverse, including A, B, C, and D. Low-incidence genotype E is mainly 

distributed in West Africa, F and H in Central and South America, G in the United 

States and Europe, and I and J in South East Asia and Japan.  
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In recent years, the percentage of genotypes B and C started to rise in the United 

States and Australia as the Asian immigrants have increased [17, 33-37]. 

The routes of infection may reflect HBV genotype distribution. In the regions (e.g. 

Taiwan) where the vertical transmission is the primary method of transmission, 

genotypes B and C are more common. On the other hand, in those regions where 

horizontal transmission (such as sexual contact, intravenous drug uses, etc.) is the 

primary method of transmission, genotypes A and D seem to be more common. To date, 

the direct correlation between the transmission pathway and the virus genotype 

distribution is still unclear [20, 35, 38].  

In Taiwan, HBV genotypes are mostly B and C, in which genotype B is more 

common. In addition, the study also found that since the end of World War II in 1945, 

the settlers from the mainland are more probable to have higher prevalence of genotype 

C [16, 19, 41]. Based on statistical data collected from blood donors, the ratio of 

genotype B and genotype C is about 80% / 20% for hepatitis B patients. It is about 70% 

/ 30% for asymptomatic carriers, and 60% / 40% for patients with chronic HBV 

infection. Once liver cirrhosis has developed, this ratio drops to 35% / 65%.  

In the case of patients with HCC, the ratio is about 55% / 45% [35, 38]. As 

indicated, the more severe the chronic hepatitis B, the higher the incident percentage of 
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genotype C. Even though HBV genotype C is not as common in Taiwan, the prognosis 

of HBV genotype C infection deteriorated faster, and the risk of developing into 

cirrhosis and HCC is relatively higher. In addition, its success rate of interferon 

treatment is lower and it has a higher HBV relapse rate post Lamivudine treatment [16, 

27, 41-43].  

Section IV: Different ethnic groups in Taiwan

Taiwan has had a long history of immigration, and is said to be the place of origin 

of many Austronesian groups. Currently there are four main ethnic groups in Taiwan: 

native Taiwanese (Hō-Lóh-Lang), the Hakka people, the mainlanders (those who came 

to Taiwan after 1945 and their descendants) and the aborigines that belong to the 

Austronesian language groups [44]. The Austronesians are widely distributed in the 

world, from the Easter Island (east) to Madagascar (west), and from New Zealand 

(south) to Taiwan (north) [49-51] (Figure 4).  

Native Taiwanese, the Hakka people and the mainlanders are non-aborigines and 

have different cultures and ancestors, who immigrated from the mainland China at 

different time periods, dating back to the 15th century. These immigrants also 

intermarried with the aboriginal populations. .  
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Currently there are about 0.5 million aborigines in Taiwan, about 2% of the total 

population. So far 14 tribes have been recognized by the government and they are 

divided into four main language groups: Atayal (Atayal, Truku and Sediq tribe); Paiwan 

(Amis, Paiwan, Puyuma, Bunun, Saisiyat, Thao, Kavalan and Sakizaya tribe); Tsou 

(Tsou and Rukai tribe); Bataan (Yami tribe). Each tribe has its own distinct language, 

culture, traditions, customs and social structure. Most of the aboriginal population lives 

in the eastern part of Taiwan, in Hualien County and Taitung County and some live in 

Pingtung County [14]. 
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Objective 

As discussed in the background, in Taiwan there are clear regional and ethnic 

differences in terms of prevalence of HBV infection, standardized mortality rate of liver 

cirrhosis and HCC, and survival rate of HCC. Furthermore, some studies show that 

those with certain characteristics run a higher risk of developing liver cirrhosis and 

HCC: people with HBV infection and ALT abnormalities; HBeAg-positive; people with 

a higher HBV DNA, older age; those who have HBV genotype C. 

Therefore, the following hypothesis is proposed, that the cause for the Taiwanese 

aborigines to have higher standardized mortality rate of chronic liver diseases and liver 

cirrhosis and lower standardized mortality rate of HCC may be similar to the Japanese 

study in Okinawa. The reason for the lower mortality rate of HCC in high HBV 

epidemic area is that the mainly HBV genotype is B that has the lower risk of HCC 

[54]. 

We then assume that within the same community in rural areas, Taiwanese 

aborigines and non-aborigines would have different HBV genotypes, HBV DNA, 

HBeAg-positive rate, etc. In order to provide a reference for future medical care and 

public health policy in Taiwan, this thesis explores the impact of regional and ethnic 

differences on the risk of HCC. In addition, the impact of medical environment, medical 
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care system, living habits, and socio-economic status have also been studied. 

The migration path of Austronesian language in the Pacific and the Indian oceans 

is very important for the development of human civilization in world history. A recent 

popular hypothesis is that Taiwan is the origin of all Austronesian languages, 

highlighting the importance of Taiwan in the Austronesian migration path. From a 

genetics perspective, the red blood cell antigen phenotype suggests that some Taiwanese 

aborigines (Austronesians) came to Taiwan in a different era without interracial 

marriage [52-53]. We could then hypothesize that HBV genotype distribution is 

different among different ethnic groups. This difference may be the important 

information in Austronesian’s migration path because the main infectious root of HBV 

in Taiwan is vertical transmission that is similar to study of mitochondrial DNA. 
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METHODS

Chapter I: Interviewee Selection Criteria  

There are two main sources of patients with HBV infection:

1. Screened HBsAg-positive patients from the voluntary population in the Liver 

Disease Prevention and Treatment Research Foundation in the past 10 years who 

were born before January 1, 1985.  

2. Listed HBV carriers (HBsAg-positive) by the health agencies from the 

comprehensive health screening activities at district health clinics or local 

medical institutions. 

HBV carriers include people in the northern, central, southern, eastern and outlying 

islands of the rural areas in Taiwan and from various ethnic groups. Gender and 

occupation were not forcefully selected. All of the interviewees who were thoroughly 

informed about the study processes must agree to participate in the study, sign and date 

the consent form (approved by National Taiwan University Hospital Research Ethics 

Committee on March 3, 2008, Clinical trials research project No: Protocol ID: 

200801059R (ClinicalTrials.gov ID: NCT00946010) with study completion date on 

January 31, 2011) (Appendix 1). 
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Chapter II: Research Design and Process

Section I: Activity Design and Procedure 

Coordinated between the professionals of the Liver Disease Prevention and 

Treatment Research Foundation and the staff of the local health administrative 

department, the well-trained interviewers conducted standardized surveys to collect 

basic background information (Figure 5) such as body height (cm), body weight (kg), 

waist circumference (cm) measurements, specimen samples and abdominal ultrasound 

examination. These interviewers also provide liver disease consultation (Figure 6).  

The standard procedure to measure the waist circumference is based on the 

recommendations of the National Health Council. The examinee must remove the 

clothing covering the waist, relax and stand with arms naturally down. The examiner 

will take the measure using the measuring tape around the examinee’s waist at the 

mid-point between the lowest rib and the top of the iliac crest at the end of the 

examinee’s exhale. Meanwhile, the measuring tape must be maintained horizontally,

and is not too tight or too loose on the skin. 

Once the examination is completed, the participant will receive their own reports, a

HBV infection education manual by surface mail and contact information for 

consultations services. At the same time, the participants’ information is forwarded to 
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relevant health agencies to provide regular follow-up activities. For those patients 

requiring emergency treatment, appropriate medical care referral is provided by the 

professional nurse service.  

Section II: Analysis of samples  

Collected HBsAg-positive samples are only given a numerical identification, 

without participants’ background information, to protect patients’ privacy. According to 

the principle of confidentiality by National Taiwan University Hospital Research Ethics 

Committee, all publication will remain anonymous.  

The viral nucleic acid was extracted using the Viral DNA purification kit (QIAamp 

DNA Mini Kit, Qiagen Inc.). The amount of HBV DNA was detected by real-time PCR 

method to realize the viral load of each sample that was adjusted by Macrometrix 

standard solution with R2 =0.98-1.0 and the detection rage is 50~2x109 IU/ml. The 

specific primers bound to preS2/S NC003977 and the sequences are shown as 

below[55]

5’-AGTGGGCCTCAGTCCGTTT-3’ forward and 

5’-AGCCCTACGAACCACTGGAACA-3’ reverse

 (FAM)-5’-TCCTGGCTCAGTTTACTAGTGCCA-3’- TAMRA)
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The nested PCR and multiplex PCR method were used for examination of the 

HBV genotype. Primer HBV-2821F and HBV-2437R were used in first PCR to amplify 

the DNA products. Then the HBV genotype-specific primers for multiplex PCR were 

used in second PCR. The sequences of the primers are shown as Table 1 [56-58]. Ten 

microliters amplified DNA were electrophoresed on 2% agarose gel in TAE buffer at 

125 V for 25 min, stained with ethidium bromide and visualized under UV light. DNA 

fragment sizes were determined by using DNA molecular weight markers. 

In order to double-check the accuracy of HBV genotypes, full-length sequences of 

some samples were performed[59]. The primers of PCR are shown as Table 2 purified 

the PCR products by the commercial kit (GFX™ Polymerase Chain Reaction DNA and 

Gel Band Purification Kit, Amersham Biosciences, GE Healthcare, USA). Then, added 

the specific primers (Table 2) to perform 6 sections of fulllength sequences that were 

combined by DNA STAR Lasergene® v8.0 SeqMan Pro. The results of genotypes 

analyzed by two methods shown above were the same. 
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Chapter III: Statistical Methods

Normal distribution analysis of the collected basic information, surveys, HBV 

genotype, and the abdominal ultrasound from the participants is performed using 

statistical software such as Excel, STATA or SAS. The parameters include: age, sex, 

body height, body weight, waist circumference, place of birth, place of residence, 

ethnicity, parents’ place of birth, parents’ place of residence, parents’ ethnicity, blood 

transfusion history, surgical history, tattoos, piercings, experience of sharing needles 

with others, drinking habits (frequency: every day or once per 2-3 days), genotype 

distribution, ASL, ALT, HBeAg-positive rate, anti-HBe positive rate, presence of fatty 

liver (increased brightness echotexture), liver cirrhosis (coarse echotexture, nodular 

surface and irregularly narrowed right hepatic vein), etc. 

The standard value of AST is set at <37 U/L for male, and <31 U/L for female. The 

standard value of ALT is set at <41 U/L for male, and <31 U/L for female. The cut 

point of abnormal ALT defines >40 U/L. Promulgated by American Association for the 

Study of Liver Diseases (AASLD) and the Asia-Pacific Association for the Study of the 

Liver (APASL) in 2008, while the cut point of HBV DNA for treatment is set to be 

greater than 2,000 IU/ml for HBeAg-negative chronic hepatitis B and 20,000 IU/ml for 

HBeAg-positive disease. Place of birth and residence was divided into northern, central, 
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south, east, Islands and others. Aboriginal population was divided into four major 

language groups. 

Finally, all the participants are divided into Taiwanese Aborigines and 

non-aborigines for comparison. From the available genotype database, the data is 

grouped into genotypes B and C for comparison. Furthermore, within the HBeAg 

positive or negative group, the percentage of genotype B is compared between 

Taiwanese aborigines and non-aborigines and among different aboriginal tribes. χ2 test 

or t-test or Fisher's exact test is used to analyze the relationship among different 

variables in different regions and ethnic groups. Logistic regression or linear regression 

are used to examine the HBV genotype, HBV DNA viral load or correlation of other 

factors among groups accounting for multiple variable predictors such as age, gender, 

ALT, HBeAg-positive, etc. 
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RESULTS 

Chapter I: Analysis of Baseline Characteristics and Lab Results 

A total of 3,488 patients with HBV infection in rural community were recruited 

from 42 various townships in Taiwan. All patients signed consents, filled out forms for 

basic information and had their lab data drawn. Among them, 2,663 patients also 

received abdominal ultrasound examination.  

The male/female ratio was about 1:1, with 1,720 men and 1,768 women. The 

average age was 50.7 years old and the average Body Mass Index (BMI) was 26.1 

Kg/m2. 

The average aspartate aminotransferase (AST) was 34 U/L, and the average alanine 

transaminase (ALT) was 39 U/L. About 8% (280/3,488 persons) of all patients had 

HBeAg-positive, and 22 patients (0.6%) had abnormal alpha fetoprotein (AFP) result, 

which was greater than 20 ng/ml. The average HBV DNA was 25,340,981 IU/ml, with 

29% (1,012/3,488 persons) patients had undetectable viral load in their blood, 67.4% 

(2,349/3,488 persons) patients had less than 2,000 IU/ml and 32.6% (1,139/3,488 

persons) patients had greater than 2,000 IU/ml (17.8% (621/3,488 persons) had greater 

than 20,000 IU/ml). 

We also analyzed the data of 1,178 patients, by linear regression, and try to find 
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the correlation between HBV DNA viral load and other factors, such as age, gender, 

fatty liver, parenchymal liver disease or liver cirrhosis, HBeAg-positive, AST, ALT, 

HBV genotype, BMI, drinking habits, parent’s ethnicity, blood transfusion history, 

surgery history, tattoos, piercings and experience of sharing needles with others. 

Significance was found regarding age, HBeAg-positive, HBV genotype and parents’

ethnicity. Under correcting age and gender, higher HBV DNA viral load were 

significantly increased with HBeAg-positive (β distribution: 0.271 p-value<0.001) and 

genotype C (β distribution: 0.175 p-value<0.001).

In regards to their ethnic and geographic background, 56.2% (1,961/3,488 persons) 

of the patients were non-aborigines. Among the aborigines, 42% were Paiwan, 35.2% 

were Atayal, 22.4% were Tsou, and 0.3% were Bataan. 31.5% of the patients were born 

in southern Taiwan, 24.8% were born in central Taiwan, 18.9% in eastern Taiwan, 

18.0% in outlying islands, 5.5% in northern Taiwan and 1.3% in other regions. Their 

place of residence had similar trend with where they were born. About 14.7% 

(502/3,413persons) patients had received blood transfusion; 49.2% (1,694/3,446 

persons) of them have had surgeries; 29.2% (1,003/3,435 persons) had tattoo or 

piercings; 7.0% (239/3,421 persons) had shared needles with others and about 27.9% 

patients had drinking habits.  
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In the abdominal ultrasound results, 52% patients had fatty liver, and 2.9% had 

liver cirrhosis. We stratified patients into aborigines (1,527 patients) and non-aborigines 

(1,961 patients). Patients were included in the aborigine subgroup as long as one of their 

parents was aborigine. We did not find any patients who were from the Saisiyat or 

Kavalan tribe. Native Taiwanese, Hakka and Mainlanders were included in the 

non-aborigine subgroup. The baseline characteristics and lab results of two subgroups 

were shown in Table 3:  

1. The male/female ratio was higher in non-aborigine group than in aborigine group 

(1.2 vs. 0.8). HBeAg-positive rate was also higher in non-aborigine group (10.2% vs. 

5.3%). Both the average HBV DNA and the ratio of HBV DNA greater than 2,000 

IU/ml were higher in the non-aborigine group (36.7% vs. 27.4%). p-values were tested 

to be less than 0.0001 in all four variables using χ2 or t-test, making them statistically 

significantly different.  

2. Average AST was higher in the aborigine group than the non-aborigine (37.6 vs. 

31.6 U/L). The ratio of patients with drinking habit was much higher in the aborigine 

group (40.0% vs. 19.3%). p-values were tested to be less than 0.0001 in these two 

variables using χ2 or t-test, making them statistically significantly different.  

3. The average age in both groups was about 50 years old and the average ALT in 
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both groups were 39 U/L, with no statistically significant differences. 

Comparing the abdominal ultrasound results, the ratio of patients with fatty liver 

was higher in the aborigine group (55.2% vs. 50.3%, p-value=0.017) and both groups 

had similar ratio of patients with liver parenchymal disease or liver cirrhosis (29%). 

Chapter II: Analysis of Genotype B and C 

In total of 3,488 blood samples, only 1,335 (38.3%) samples had genotype results 

from PCR with 6 different types, including B, C, D, B+C, B+D, and B+C+D (Fig.7). 

The distribution of 6 genotypes is as following: 1009 patients were type B (75.6%), 236 

patients were type C (17.7%), 13 patients were type D (1.0%), 66 patients were type 

B+C (4.9%), 10 patients were type B+D (0.7%) and one patient was type B+C+D 

(0.1%). When considering only genotype B or C, the prevalence of genotype B was 

80.6%, but the prevalence increased to 89.1% after excluding the outlying islands 

(34.2% (13/38 persons) in Penghu County and 41.7% (70/168 persons) in Lienchiang 

County). When analyzing prevalence according to areas, the prevalence of genotype B 

was 92.7% in the east, 91.22% in the central, 90.2% in the north, 82.0% in the south and 

40.3% in the outlying islands.   
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We stratified these 1,185 patients into genotype B group and genotype C group. 

The average age was older in genotype B group than in genotype C group (50.3 vs. 48.1 

year-old); HBeAg-positive rate was lower in genotype B group (10.3% vs. 37.4%); both 

the average ALT and the ratio of abnormal ALT values were lower in genotype B group 

(44 vs. 54 U/L, 35.7% vs. 43%); both the average HBV DNA and the ratio of HBV 

DNA greater than 2,000 IU/ml were lower in genotype B group. Furthermore, p-values 

were found to be less than 0.05 in all four variables using χ2 or t-test, making them 

statistically significantly different (Table 4).  

Investigating related risk factors for genotype B using logistic regression, we found 

that patients who were older (odds ratio [OR]= 1.014, 95% confidence interval [CI]= 

1.003-1.025, p-value=0.0161), who did not live in off-shore islands, who were 

aborigines (especially Tsou language with OR=24.026, 95% confidence interval 

[CI]=3.315-174.143, p-value=0.0017), who had lower ALT, lower HBV DNA, or 

positive anti-HBe (odds ratio [OR]=5.691, 95% confidence interval [CI]= 3.899-8.306, 

p-value<0.0001) had higher chance of being genotype B. 

Chapter III: Analysis of Genotype B and C in Aborigines and Non-aborigines 

groups 
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We analyzed 1,178 patients who had complete genotype B or C and positive or 

negative HBeAg and stratified them into aborigines and non-aborigines. The prevalence 

of genotype B in aborigine group was higher (92.7%) than in non-aborigine group 

(72.7%; 82.2% if minus Lienchiang County; 74.9% if minus Penghu County; 85.6% if 

minus Lienchiang and Penghu Counties) with statistically significant differences 

(p-value<0.05). If we stratified patients further into positive or negative HBeAg groups, 

in HBeAg-positive group (n=188), the prevalence of genotype B was lower in 

non-aborigine group (44.5% vs. 83.3%); in HBeAg-negative group (n=990), the 

prevalence of type B was lower in non-aborigine group (80.0% vs. 93.7%). p-values 

were all less than 0.0001 using χ2 test, resulting in statistically significant differences 

(Table 5).  

In 467 aborigines who had complete genotype B or C and positive or negative 

HBeAg results, we stratified them into four different language groups: Atayal, Paiwan, 

Tsou, and Bataan, with no patients that are from the Bataan. The prevalence of genotype 

B was the highest in Tsou (97.8%), then Paiwan (96.4%), and the last was Atayal 

(88.1%), but with no statistically significant differences (p-value=0.182). We further 

stratified patients into positive and negative HBeAg groups. When analyzing patients in 

HBeAg-positive group (n=42), the prevalence of genotype B was the highest in Paiwan 
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(89.5%), then Atayal (66.7%) without reaching statistically significant difference 

(p-value=0.0775). In patients with HBeAg-negative (n=425), the prevalence of 

genotype B was over 90% with the highest in Tsou (97.9%), then Paiwan (97.1%) and 

Atayal (89.7%), with p-value of 0.0054 using χ2 test (Table 6).  

If we compared the relationship between non-aborigines and aborigines by age 

groups, the prevalence of genotype B in aborigines was significant higher than 

non-aborigines no matter in which age group. In addition, the prevalence of genotype B 

statistically significantly increased since 40 years old in the both groups that tested by 

Fisher test or χ2 test with p-value <0.05 (Figure 8).

Chapter IV: Analysis of Baseline Characteristics and Lab results of Genotype D 

Our research found 13 patients with genotype D, which was quite rare in Taiwan. 

The male/female ratio was 0.86:1, and the average age was 49.3 year-old (male/female: 

54.5/44.9 year-old) without big differences from the average age in patients with 

genotype B or C. 

The lab results were as following: average AST was 67 U/L, average ALT was 43 

U/L, average AFP was 11 ng/ml, the rate for abnormal AFP was 16.7%, 

HBeAg-positive rate was 15.4%, the average HBV DNA was 10,309,203 IU/ml and the 
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rate for HBV DNA greater than 2,000 IU/ml was 100%.  

The places of birth and residence were almost all in Pingtung County. Only one of

them lives in Chiayi County. Twelve of the total 13 patients were aborigines: 10 of 

them were Paiwan tribe and other 3 were Rukai tribe, Tsou tribe and non-aborigine. All 

of them indicated that they did not shared needles with others; 2 (15.4%) of them had 

received blood transfusion; 6 of them (46.1%) had surgeries before; and 5 (38.5%) of 

them had tattoo or piercings (Table 7).   
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DISCUSSIONS  

This research found that among patients with HBV infection in Taiwan, the 

aborigines had fewer risk factors for HCC than the non-aborigines, such as lower 

HBeAg-positive rate (5.3% vs. 10.2%, p-value<0.0001), lower average HBV DNA viral 

load, lower rate to have HBV DNA greater than 2,000 IU/ml (27.4% vs. 36.7%, 

p-value<0.0001) and higher prevalence for genotype B (92.7% vs. 72.7%,

p-value<0.05). Those patients with HBV infection who lived on outlying islands (34.2% 

in Penghu County and 41.7% in Lienchiang County) mainly had genotype C (60%) and 

patients who lived on the main island mostly had genotype B (89%). The prevalence of 

genotype B in the aborigines group was significantly higher than in the non-aborigines 

group (92.7%), especially the Tsou and the Paiwan, which was about 97%. Furthermore, 

our research found 13 patients with genotype D, a very rare genotype in Taiwan. 

Patients with genotype D were clustered in the local Paiwan tribe of Pingtung County. 

These subjects had higher HBV DNA (greater than 2,000 IU/ml) without the experience 

of sharing needles with others and some of them had received blood transfusion or 

surgeries or tattoo or piercings.  

Domestic research found that risk factors among patients with HBV infection for 

HCC included male, elderly age, abnormal ALT value, HBeAg- positive result, liver 
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cirrhosis, higher HBV DNA viral load, genotype C, no mutation on precore 1896 and 

mutation on BCP (1762/1764) [26]. This research showed that among asymptomatic 

HBV carriers who lived in the rural areas in Taiwan, the HBeAg-positive rate was 8%, 

with higher rate in the non-aborigine group than in the aborigine group (10.2% vs. 5.3%, 

p-value<0.0001). This is much lower than the findings from other studies on 

asymptomatic HBV carriers (20%) [60]. There were no significant differences between 

the ALT values of the non-aborigines and that of the aborigines. However, the average 

AST value and the rate of having a drinking habit were both higher in the aborigine 

group, and therefore it was presumed that the high AST might be resulted from drinking 

habit.  

In addition, 29% of the HBV carriers had no detectable HBV DNA viral load in 

their blood, and 32.7% of them had HBV DNA greater than 2,000 IU/ml. Both the 

average viral load and the rate of HBV DNA greater than 2,000 IU/ml were higher in 

the non-aborigine group than in the aborigine group (36.7% vs. 27.4%, p-value<0.0001). 

Regardless of HBeAg being negative or positive, the aborigines had much higher 

possibilities of being genotype B than the non-aborigines in any age group (HBeAg- 

positive group: 83.3% vs. 44.5%, p-value<0.0001; HBeAg- negative group: 93.7% vs. 

80.0%, p-value<0.0001). Due to above-mentioned factors, Taiwanese aborigines, who 
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are part of the world Austronesian population and have lower risk of HCC than 

non-aborigines, may have different specific immune system or genetic factors from 

non-aborigines. This may result in stronger immunity against HBV.  

Researches have shown that patients with HBV infection have higher risks for liver 

cirrhosis and HCC and HBV infection, which is the main reason for HCC [1, 61].

According to statistics from the Department of Health, the standardized mortality rate of 

chronic liver diseases and liver cirrhosis--which is the mainly cause of death in 

aborigines with age of 25-44 year-old--have been higher in the rural areas or in the 

aborigines who also have shorter life span (68.5 years vs. 77.9 years) than in the whole 

country. Yet the standardized mortality rate of HCC is lower in aborigines [7, 14]. In 

addition, our research found that the aborigines with HBV infection had fewer risk 

factors for HCC, higher average AST and higher rate of drinking habit (40%) than the 

non-aborigines. Hence, the main causes for the aborigines dying from chronic liver 

diseases are alcoholic hepatitis or other hepatitis, but not hepatitis B infection. 

Furthermore, the aborigines live in rural areas, where transportation is inconvenient, 

medical resource scarce, and health-care system inadequate. These may all be 

contributing factors for death from chronic liver diseases.  

Therefore, it is predicted that if we can provide easier medical access in rural areas, 
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promote the 2A3C of community health care system (accessibility, accountability, 

comprehensiveness, coordination and continuity) and encourage people to quit drinking, 

it may greatly decrease the severity of liver diseases of the aborigines and in rural areas. 

The analysis of genotypes found out that in subjects with all kinds of genotype, the 

prevalence of genotype B was 75.6%. If we simply calculated genotype B or C, the 

prevalence of genotype B was 80.6%, which was similar to the 80% from the domestic 

researches. However, if we deducted people from outlying islands (Lienchiang County 

and Penghu County), the prevalence of genotype B was raised to 89.1%, which was 

much higher than 80% [35]. The main genotype in the outlying islands (58.3% in 

Lienchiang County and 65.8% in Penghu County) was C (59.7%), and the main 

genotype in the main island was B (East [92.7%] > Central [91.22%] > North [90.2%] > 

South [82.0%]). This result was consistent with the results from other domestic 

researches, which was that people who immigrated from the mainland China to Taiwan 

after World War II had higher possibility to have genotype C [19].  

The rate of genotype B was higher in the aborigine group (92.7%) than in the 

non-aborigine group (72.7%) with p-value<0.05 in any age group. It has also been 

indicated that the prevalence of genotype B had been increasing from age 40 onward in 

both the aborigine group and the non-aborigine group. Therefore it was presumed that 
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with aging, patients with more severe liver diseases (e.g. genotype C) had died early 

with being selected naturally, no matter if they are aborigines or not. Therefore, the 

higher prevalence of HBV genotype B is found in the elders.  

If we further stratified the patients into HBeAg-positive and HBeAg-negative 

groups, the prevalence of genotype B was still higher in the aborigine group (83.3% and 

93.7%). Among the aborigines, the prevalence of genotype B was the highest in the 

Tsou (97.8%), then in the Paiwan (96.4%), and then in the Atayal (88.1%), with no 

statistically significant differences. The reason for the prevalence of genotype B in the 

aborigines to be as high as 92.7% was presumed to be because when the Austronesian 

peoples immigrated, the aborigines in Taiwan had a closer relationship with the 

Austronesian people who lived in the southeast of mainland China than the other areas. 

The reasons for the prevalent rate of genotype B to be the highest in the Tsou people 

(Tsou and Rukai tribe) were presumed to be because they lived in very remote areas 

after immigrated to Taiwan, the rate of both parents being in the same tribe was as high 

as 95.6%, and that they mostly married within the same tribe. 

After we recruited patients from 42 townships in Taiwan, we found 13 patients 

with genotype D, which was rather rare in Taiwan. Genotype D is common in Europe, 

South Asia (India), and the Solomon islands, but very rare in Taiwan. The average age 
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of these 13 patients was 49.3 years old (the male patients were about 10 years older than 

the female patients). The lab results showed that the average AST and ALT were 

unusually high, the rate for HBeAg-positive was high (15.4%), the average HBV DNA 

was between genotype B and C, and all of them had HBV DNA greater than 2,000 

IU/ml. Some very interesting findings include that they were almost clustered in the 

local Paiwan tribe of Pingtung County. The questionnaire showed that all of them did 

not share needles with others in the past and some of them had received blood 

transfusion or surgeries or tattoo or piercings. In addition, combining with patients with 

genotype B or C co-infection, among all these patients with HBV infection in rural 

areas of Taiwan, about 1.8% of them had genotype D. Would this rare genotype be 

related to the history of family relationship or body fluid or blood transmission? Where 

did this rare HBV genotype D come from? How would it be transmitted into Taiwan? 

These are all issues that are worth investigating in a cluster of patients with HBV 

genotype D found in the local area of southern Taiwan.
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FUTURE PROSPECTS

It took a great deal of manpower, resources and compassion to complete this 

research and to build a liver disease caring model which promotes the 2A3C 

characteristics of community health care system. The goal is to provide governmental 

organizations a reference in regards to public health policy. The patient population of 

this research was from the community in Taiwan, especially from the rural areas and 

the aborigine areas, and not from the hospitals, therefore it could reflect the true 

conditions of patients in the community. Although the research did not reach the 

standard of randomization, from the average ALT values of the non-aborigines and 

the aborigines being so close and not over the reference values, the patient samples 

were still quite representative of population in Taiwan. 

Comparing to the non-aborigine or the urban areas, this research found a higher 

mortality rate from liver diseases in the rural aborigine areas and the outlying islands 

which had more genotype C. Besides the affect from HBV infection, the problems of 

HCV infection, alcoholic liver disease due to alcohol abuse, the inconvenient 

transportation hindering medical access and the scarcity of health care resources are 

all important issues that should be addressed in the prevention of liver diseases in 

rural areas and in the aboriginal communities, and deserve more attention. On the 
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other hand, the causes of death from chronic liver disease and liver cirrhosis of 

Taiwanese need to be further categorized into specific viral hepatitis, alcoholic 

hepatitis or drugs related hepatitis, so as to better understand the fundamental reasons 

for high mortality rate of liver disease amongst the aborigines. 

Research showed that more than 90% of Taiwanese aborigines with HBV 

infection had genotype B, which had better prognosis in the development of disease 

and treatment. The reasons for the aborigines to have fewer other risk factors for liver 

disease may be because the innate differences in immunity or genes, such as human 

leukocyte antigen (HLA-DPA1 and HLA-DPB1), cytotoxic T cell, microRNAs or 

small interfering RNA. These are all topics worth further investigating in the future. 

Taiwanese aborigines are one of the Austronesian people that have interested 

researchers and cannot be missed in the history of anthropology. The differences of 

the genotype B carried by the Taiwanese aborigines from the genotype B carried by 

the other countries (such as the southeastern China or other Austronesian countries), 

such as the differences and similarities of viral genes between brothers and sisters or 

between mothers and children in the same family, are all worth further investigating 

in the future. There are many different ethnic groups in the small islands of Taiwan. 

Besides looking into the different cultures, languages, life habits, archaeology, 
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history, or different kinds of life styles, such as rice, banana, betel or pigs, there are 

also other methods to enrich Taiwanese medical anthropology. For example, studying 

the differences of HBV genes may provide the information for investigating the 

immigrating history of Austronesian groups.  

Furthermore, this research also found the rare HBV genotype D in Taiwan, 

which clustered in the local Paiwan tribe of Pingtung County. The way they are 

transmitted and infected is worth further field investigation and research, such as 

personal or family interview to understand if there is a common source of infection 

(such as family relationship, drug injection, tattoo, or piercings), and to understand if 

there is any difference in the history of Paiwan tribe in immigration pattern. A 

complete caring system for liver disease is also needed in this special area to track if 

it can decrease mortality from liver diseases in the long term. 

Besides hepatitis B, hepatitis C, alcoholic hepatitis and fatty liver are all 

important issues in the prevention of liver diseases in Taiwan. We hope to establish a 

caring model of patients with liver diseases and a follow-up system to manage each 

cause, to promote this model in treating and preventing of all the other liver diseases 

such as HCV infection and alcoholic hepatitis, and to provide a reference for the 

world-wide health organizations in treating and preventing liver diseases. 
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* χ2 test P-value<0.0001

** Fisher's exact test P-value<0.05
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1. B Nested PCR

      multiplex-PCR

HBV-2821F 5’-GGTCACCATATTCTTGGGAACAA-3’
2832bp

HBV-2437R 5’-CCGAGATTGAGATCTTCTGCGAC-3’
HBV-B1470F 5’-CCGCTTGGGGCTCTACCGCCCG-3’

190bp
HBV-B1660R 5’-CTCTTATGCAAGACCTTGGGCAGGTTCC-3’
HBV-C3164F 5’-CTCCCATCTCTCCACCTCTAAGAGACAGT-3’

242bp
HBV-C190R 5’-CAGGGGTCCTAGGAATCCTGATGTKG-3’
HBV-D2843F 5’-ACAGCAGGGGCAGAATCTTTCCACCAG-3’

116bp
HBV-D2958R 5’-GTTGGGATTGAAGTCCCAATCTGGA-3’

S: sense, AS: anti-sense, R: G or A, K: T or G, M: A or C, W: A or T, Y: C or T.
F: forward R: reverse 

1. Chen J, Yin J, Tan X, et al. Improved multiplex-PCR to identify hepatitis B virus 

genotypes A-F and subgenotypes B1, B2, C1 and C2. J Clin Virol. Mar 

2007;38(3):238-243. 

2. Kirschberg O, Schuttler C, Repp R, Schaefer S. A multiplex-PCR to identify hepatitis 

B virus--genotypes A-F. J Clin Virol. Jan 2004;29(1):39-43. 

3. Naito H, Hayashi S, Abe K. Rapid and specific genotyping system for hepatitis B 

virus corresponding to six major genotypes by PCR using type-specific primers. J 

Clin Microbiol. Jan 2001;39(1):362-364.
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2. B

P1(X+S)F 5’-CCGGACCCGGGAGCTCTTCTTTTTCACCTCTGCCTAATCA-3’
P2(X+S)R 5’-CCGGACCCGGGAGCTCTTCAAAAAGTTGCATGGTGCTGG-3’
-2043 5’-CAATGTTCCGGAGACTCTAAGGC-3’
+1861 5’-TGTTCAAGCCTCCAAGCTGT-3’
+2516 5’-TCTTTAATCCTGAATGGCAA-3’
+3193 5’-CATCCTCAGGCCATGCAGTGGAA -3’
+599 5’-TGTATTCCCATCCCATCATC-3’
+1282 5’-CTAGCCGCTTGTTTTGCTCG-3’

F: forward R: reverse 

Gunther S, Li BC, Miska S, Kruger DH, Meisel H, Will H. A novel 

method for efficient amplification of whole hepatitis B virus genomes permits 

rapid functional analysis and reveals deletion mutants in immunosuppressed 

patients. J Virol. Sep 1995;69(9):5437-5444.



74

3. B

(N=1961 ) (N=1527 )
p- value

( / ) 1056/905 664/863 <0.0001*

± SD ( ) 50.0 ± 13.6 51.6 ± 13.3 0.0006**

e 199 (10.2) 81 (5.3) <0.0001*

AST (U/L) 31.6 ± 27.1 37.6 ± 30.6 <0.0001**

ALT (U/L) 39.4 ± 45.9 39.3 ± 32.6 0.9034**

ALT ( 40 U/L) 554 (28.3) 477 (31.2) 0.0551*

HBV DNA ± SD (IU/mL)
43,024,742

±309,684,061
2,631,189

±24,870,996
<0.0001**

HBV DNA 2,000 IU/mL 720 (36.7) 419 (27.4) <0.0001*

† 352 (19.3) 517 (40.0) <0.0001*

(%)

* 2 test p-value

** t-test p-value

† 374
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4. B C B

B
(N=955 )

C
(N=230 )

p- value

( / ) 483/472 129/101 0.1332*

± SD ( ) 50.3 ± 13.3 48.1 ± 12.6 0.0202**

e 98 (10.3) 86 (37.4) <0.0001*

AST (U/L) 37.5 ± 32.5 41.7 ± 38.1 0.0880**

ALT (U/L) 44.2 ± 49.0 53.6 ± 57.2 0.0121**

ALT ( 40 U/L) 341 (35.7) 99 (43.0) 0.0387*

HBV DNA ± SD (IU/mL)
7,329,002

±71,527,426
254,745,328

±808,850,133
<0.0001**

HBV DNA 2,000 IU/mL 516 (54.0) 200 (87.0) <0.0001*

† 217 (25.4) 61 (28.1) 0.4231*

(%)

* 2 test p-value

** t-test p-value

† 115
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5. e

p- value*

HBeAg N=146 N=42

B 65 (44.5) 35 (83.3) <0.0001

C 81 (55.5) 7 (16.7)

HBeAg N=565 N=425

B 452 (80.0) 398 (93.7) <0.0001

C 113 (20.0) 27 (6.4)

(%)

* 2 test p-value
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6. e

p- value

HBeAg N=15 N=19 N=8 N=0

B 10 (66.7) 17 (89.5) 8 (100) -- 0.1269*

C 5 (33.3) 2 (10.5) 0 (0) --

HBeAg N=203 N=175 N=47 N=0

B 182 (89.7) 170 (97.1) 46 (97.9) -- 0.0054**

C 21 (10.3) 5 (2.9) 1 (2.1) --

(%)

* Fisher's exact test p-value

** 2 test p-value
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7. D

1 2 3 4 5 6 7 8 9 10 11 12 13

36 53 65 39 37 76 72 51 49 36 33 45 49

e - - - - - + + - - - - - -

AST (U/L) 17 40 370 27 15 115 54 20 34 20 30 110 21

ALT (U/L) 11 49 104 29 15 37 28 30 40 19 57 110 32

HBV DNA 

(IU/mL)

108,24

34,597

3,314,633

115,677

115,191

13,187,781

1,453,239

15,062

7,218

47,208

384,705

115,237,040

964,71

(ng/ml)

2.6 3.3 20.6 2.3 2.0 1.8 89.5 2.1 1.9 2.7 1.8 2.4 NA

N NA Y N Y N N N N N N N N

N Y N Y N N Y N N Y Y Y N

Y N N Y N N N N Y Y N Y N

N N N N N N N N N N N N N

+ - NA Y N
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