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Abstract
AIM: To investigate hepatitis virus, genetic and envi-
ronmental factors, and their interactions in predisposing 
patients to liver diseases in Northeast India.

METHODS: A total of 104 jaundice patients and 124 
community controls were included. Serological analysis 
was performed by routine enzyme-linked immunosor-
bent assay, and nucleic acid testing for hepatitis viruses 
was done by polymerase chain reaction (PCR), followed 
by PCR direct sequencing for viral genotyping. Cyto-
chrome P450 2E1 (CYP2E1) polymorphism was studied 
by PCR-restriction fragment length polymorphism. Nitrite 
and volatile nitrosamines in indigenous foods consumed 
routinely by the Northeast Indian ethnic population were 
estimated by Griess’s reagent and GC-MS, respectively. 

RESULTS: Hepatitis A virus (HAV) infection was pre-
dominantly prevalent (36.5%) in our cohort, followed 
by hepatitis B virus (HBV), hepatitis E virus (HEV) and 

hepatitis C virus. HBV genotype D and HEV genotype 
1 were the most dominant. CYP2E1 c1/c2 genotype 
frequency was comparatively higher in alcoholic (P  < 
0.0001, OR = 30.5) and cryptogenic (P  = 0.014, OR = 
8.714) patients, and was associated with significantly 
higher hepatitis risk (P  = 0.0.007, OR = 6.489). Mutant 
C allele of Cyp2E1 DraⅠ frequency was comparatively 
higher in HAV (P  = 0.006), alcoholic (P  = 0.003) and 
cryptogenic (P  = 0.014) cases, and was associated with 
overall hepatitis risk (P  = 0.026, OR = 5.083). Indig-
enous foods, Gundruk, Kharoli, betel leaf and nuts were 
found to have the highest nitrite content. 

CONCLUSION: Apart from viral factors, CYP2E1 poly-
morphism might be associated with increased risk of 
liver diseases in Northeast India. Indigenous foods that 
contain nitrite and nitrosamine might be an associated 
risk factor.
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INTRODUCTION
Application of  molecular genetic techniques in human can-
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cer risk assessment will likely emerge as a method of  identi-
fying subpopulations with different sensitivities to carcino-
gen exposure[1]. Liver diseases and cancer show a marked 
worldwide geographic and ethnic distribution[2]. Etiological 
factors that have been associated with liver diseases and 
cancer include hepatitis virus infection[3], liver flukes[4], 
aflatoxins[5], alcohol[6], smoking[6] and dietary nitroso com-
pounds[7]. Differences in hepatitis B virus (HBV)[8] and 
hepatitis C virus (HCV)[9] genotypes are linked to various 
degrees of  liver disease severity and rate of  disease progres-
sion towards hepatocarcinogenesis. Unfortunately, there are 
no data available on these important aspects in liver disease 
patients from Northeast India, who are ethnically distinct 
from those in other parts of  India, and have the incidence 
of  cancer of  various etiologies in the country, according to 
a survey done by the National Cancer Registry Program of  
the Indian Council for Medical Research (ICMR). 

According to epidemiological studies, 90% of  cancers 
are associated with environmental factors, including ni-
trosamines, which are acquired through tobacco smoke, 
vehicle exhaust and foodstuffs[10]. It has been shown that 
nitrite alone can cause cancer; however, an even more seri-
ous cause of  concern is the well-documented potential of  
nitrites/nitrates to cause cancer through the formation of  
nitrosamines[11].

Cytochrome P450 2E1 (CYP2E1) is an N-nitrosodi-
methyl-amine demethylase that is expressed primarily in 
the liver. It takes part in the metabolism of  drugs, but also 
activates many pre-carcinogens and pre-toxins[12]. Cyp2E1 
activates N-nitrosamines, which are contained in tobacco 
smoke and foodstuffs[13] and several industrial[14] and en-
dogenous carcinogens[15]. Cyp2E1 activity is mediated by 
various determinants, such as obesity, fasting and liver 
dysfunction, and by a number of  environmental factors[16]. 
Cyp2E1 activity is accompanied by generation of  a signifi-
cant amount of  an active oxygen form, which damages 
cell membranes and macromolecules and leads to forma-
tion of  DNA adducts. Polymorphism in the Cyp2E1 
gene is associated with malignancies of  different cellular 
origins, including the liver[17]. CYP2E1 polymorphism in 
the 5’regulatory region with C→T replacement at posi-
tion -1019 and RsaⅠ restriction site loss (CYP2E1*5B) 
is one of  the most important polymorphisms identified. 
Homozygous c2/c2 genotype is associated with a 10-fold 
increase in CYP2E1 gene transcription[18]. Another im-
portant CYP2E1 polymorphism is located in intron 6, re-
vealed by DraⅠ and identified as C (minor) and D (com-
mon) alleles[19].

Here, we present the results from Guwahati (the capi-
tal of  Assam, and hub and gateway of  Northeast India) of  
a case-control study designed to explore the viral, environ-
mental and genetic risk factors for liver diseases. The study 
was approved by the Institutional Biosafety and Ethics 
Committee.

MATERIALS AND METHODS
Blood samples were obtained from 104 acute hepatitis 
patients with clinical jaundice and liver disease during the 

non-rainy season, who were receiving care at the Central 
Hospital, NF Railway, Maligaon, Guwahati. One hundred 
and twenty-four sex, age and residence pair-matched com-
munity controls, with similar ethnicity and food habits 
were also recruited for this study. Cases and controls were 
evaluated on the basis of  history (including their food, 
drinking, smoking and tobacco chewing habits), clinical 
examination, liver function profile, and serological test of  
hepatitis A, B, C and E using commercially available IgM 
enzyme-linked immunosorbent assay (ELISA) kits (there-
fore including acute cases). 

Viral DNA isolation and genotyping
Viral DNA isolation of  HBV for hepatitis B surface anti-
gen (HBsAg)-positive cases was performed using the stan-
dard phenol-chloroform method using 150 μL of  patient 
plasma, followed by ethanol precipitation. The viral DNA 
thus isolated was resuspended in an adequate amount of  
nuclease-free water. HBV genotyping was performed by 
multiplex polymerase chain reaction (PCR) using specific 
primers for each genotype (A-F) of  HBV[20], and validated 
by sequencing of  representative cases for the basal core 
promoter, precore and core region of  HBV genome. 

RNA extraction and HCV and hepatitis E virus genotyping
Viral RNA was extracted from 140 μL of  serum with 
QIAamp@Viral RNA Kit (Qiagen, Germany) accord-
ing to the manufacturer’s instructions. RNA pellets were 
reconstituted in 60 μL elution buffer and stored at -20℃ 
until use. One-tube nested reverse transcription PCR (RT-
PCR) amplification was performed using specific primers 
for the conserved 5’UTR region as described earlier for ge-
notyping of  HCV[21]. Amplification of  the specific 256-bp 
product was achieved for the anti-HCV-positive cases. 
Briefly, 10 μL RNA was mixed with 0.2 μL (20 pmol) of  
antisense primer, incubated for 1 min at 94℃ and 1 min at 
56℃, and then stored on ice. Fifty microliters of  the reac-
tion mixture that contained 10 × reaction buffer, dNTPs 
(10 mmol/L), MgCl2 (2.5 mmol/L), 20 pmol primers AS1 
and S1, 0.5 U Taq Polymerase (New England Biolabs, Ips-
wich, MA, USA) and 2.5 μL (20 U/μL) MMuLV Reverse 
Transcriptase (New England Biolabs) was added to the 
pre-cooled RNA mix for one-step RT-PCR. The condi-
tions were 60 min at 42℃ for reverse transcription, 2 min 
at 95℃ for denaturation of  the RT, followed by 35 cycles 
of  30 s at 95℃, annealing for 30 s at 54℃, and exten-
sion for 30 s at 72℃. After the last cycle, a final extension 
was made at 72℃ for 7 min. The second round of  PCR 
was performed with the same master mix that contained 
AS2 and S2 primers using 5 μL of  the first product as a 
template under the same reaction conditions. Positive and 
negative controls were included in every PCR amplifica-
tion experiment. This was followed by direct sequencing 
and comparison with the standard NCBI Genbank data-
base. Hepatitis E virus (HEV) genotyping was performed 
by RT-PCR amplification using the primers for the HEV 
ORF1 region reported by Jilani et al[22], which gave a PCR-
amplified product of  343 bp; followed by direct sequenc-
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Table 1  Demographical, biochemical and serological profiles of liver disease patients

ing and comparison with the available genotype database 
for HEV from the NCBI Genbank database.

PCR-restriction fragment length polymorphism analysis 
of CYP2E1 gene polymorphism
CYP2E1*5B (5’ flanking region, -1019 bp site) genotyping 
was performed by PCR-fragment length polymorphism 
(RFLP) analysis with the primers reported by Hayashi  
et al[23]; and RsaⅠ restriction enzyme. An allele with an RsaⅠ  
site (characterized by two bands of  360 and 50 bp on 
agarose gel electrophoresis) was defined as wild-type and 
designated c1, and an allele without this site, as a variant 
or rare type and designated c2 (characterized by presence 
of  a single band at 410 bp)[24].

DraⅠ digestion detects a polymorphism in intron 6 of  
the CYP2E1 gene. Genomic DNA was PCR-amplified 
with primers reported by Kato et  al[25], which yielded a 
995-bp fragment that was subjected to DraⅠ restriction 
enzyme digestion. Two DraⅠ restriction enzyme recogni-
tion sites exist in this amplified DNA sequence but only 
one is known to be polymorphic. The presence of  the 
polymorphic DraⅠ restriction site yielded three fragments 
of  572, 302 and 121 bp (type D, major allele), whereas the 
absence of  the polymorphic site was determined by the 
presence of  874-bp and 121-bp fragments (type C, minor 
allele)[26]. 

To improve the genotyping quality and validation, 
20% of  samples were re-genotyped by other laboratory 
personnel and results were reproducible with no discrep-
ancy in genotyping. Genotyping of  10% of  samples was 
confirmed by DNA sequencing. 

Nitrite determination and analysis of volatile nitrosamines
Several indigenously prepared fermented food products 
and the raw material used to prepare them were short-
listed and collected, based on a questionnaire of  the food 
habits of  jaundice patients and community controls en-
rolled in the present study. Nitrite estimation in fresh and 
fermented foods from Northeast India was done using 
the standard Griess’s reagent method followed by spectro-
photometric detection at 540 nm. The presence of  volatile 
N-nitrosamines in fresh and fermented foods was done 
by GC-MS analysis following the protocol of  Mitacek  
et  al[27], followed by detection using a Hewlett-Packard 
Model 5890 GC coupled to a model 610 Thermal Energy 
Analyzer (TEA; Thermo Electron, Waltham, MA, USA).

Statistical analysis
Results were expressed as mean ± SD. Serum aspartate 
aminotransferase and alanine aminotransferase levels in 
each group were analyzed by student’s t test. ORs were 
calculated using logistic regression. Statistical analysis was 
carried out for CYP2E1 genotypes in liver disease and 
hepatitis subgroups (specific for viral hepatitis groups, and 
alcoholic and cryptogenic cases) and compared to com-
munity controls using SPSS version 13.0 software. An ad-
justed two-tailed P value (corrected) less than 0.05 at 95% 
CI was considered statistically significant.

RESULTS
Blood samples were obtained from patients with liver dis-
ease who were receiving care in a regional referral hospital 
in Guwahati. These patients had a median age of  41 ±  
16 years and showed a male to female ratio of  2.15:1. The 
majority of  the liver disease patients were male (71/104, 
68.27%). The hepatitis virus infection spectrum analyzed 
based on IgM ELISA results was, hepatitis A virus (HAV, 
38/104, 36.5%), HBV (22/104, 21.15%), HCV (4/104, 
3.8%), HEV (10/104, 9.6%), and HAV-HBV co-infection 
(2/104, 1.92%). Others had alcoholic (12/104, 11.53%) 
and cryptogenic (16/104, 15.38%) liver disease etiology 
(Table 1).

Viral genotyping
Viral genotyping was performed for HBV, HCV and 
HEV samples. HBV genotyping was performed by multi-
plex PCR. HBV genotype D (13/22, 59.1%) was the most 
prevalent in the HBV-positive cases, followed by HBV 
genotype A (4/22, 18.2%), mixed genotype A + D (4/12, 
18.2%) and genotype C (1/22, 4.5%) (Figures 1A and 2A). 
A few of  the randomly selected genotyped samples were 
cross-checked and validated by direct sequencing of  the 
core region of  HBV followed by phylogenetic analysis.

HCV genotype was determined by direct sequencing 
of  the PCR amplicon generated from the conserved 5’UTR 
region of  the HCV genome. The nucleotides that were se-
quenced by direct sequencing were aligned using ClustalW, 
and version 1.6 of  the tree view program from Expasy 
(POWER) was then used to construct an uprooted phylo-
genetic tree (Figures 1B and 2B). After comparison with 
known sequences from the NCBI Genbank database, 
the distribution of  the genotypes based on four isolated 
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Parameter HAV HBV HCV HEV HAV+HBV Alcoholic Cryptogenic

n 38 22 4 10 2 12 16
Male:female 22:16 16:6 2:2 6:4 2:0 11:1 12:4
Mean age (yr) 23 ± 16 40 ± 28 45 ± 8 38 ± 15 55 44 ± 5   43 ± 21
Mean SGOT 241 ± 168 333 ± 108   86 ± 46 778 ± 336 40 ± 5   323 ± 212 109 ± 66
Mean SGPT 265 ± 198 243 ± 148   73 ± 28 513 ± 366 39 ± 8   283 ± 155   85 ± 43

HAV: Hepatitis A virus; HBV: Hepatitis B virus; HEV: Hepatitis E virus; HCV: Hepatitis C virus; SGOT: Serum glutamic oxa-
loacetic transaminase; SGPT: Serum glutamic pyruvic transaminase.
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HCVs were found to be one each from genotypes 4 (asm-
hcv-4), 3 (asm-hcv-3), 2 (asm-hcv-1) and 6 (asm-hcv-2).

HEV genotype was determined by amplification of  
the ORF1 region and subjecting the amplified product to 
direct sequencing, and then comparing the sequences with 
the standard NCBI Genbank sequences for HEV. HEV 
genotype 1 was the only genotype found in our cohort.

PCR-RFLP analysis of CYP2E1 gene polymorphism
The distribution of  CYP2E1*5B c1c1, c1c2 and c2/c2 gen-
otypes in liver disease cases were 90.38%, 9.62% and 0%, 
respectively compared to 98.39%, 1.61% and 0% in healthy 
controls (Figure 3). The CYP2E1*6 DD, DC and CC geno-
type frequencies in liver disease cases were 92.3%, 3.85% 
and 3.85%, respectively, compared to 98.39%, 1.61% and 
0% in healthy controls (Tables 2 and 3). Cyp2E1 RsaⅠ gen-
otype distributions were consistent with Hardy-Weinberg 
equilibrium, but Cyp2E1 DraⅠ genotype was only consis-
tent for the control population. The c1/c2 variant genotype 
was significantly more prevalent in alcoholic [P < 0.0001, 
OR = 30.5 (4.835-192.418)] and cryptogenic hepatitis [P = 
0.014, OR = 8.714 (1.137-66.784)] cases. The prevalence of  
mutant C allele of  DraⅠ was also predominant in alcoholic 
[P = 0.003, OR = 12.220 (1.550-96.035)] and cryptogenic 
hepatitis [P = 0.014, OR = 8.714 (1.137-66.784)] cases.

Nitrite determination and analysis of volatile nitrosamines
To study the correlation of  environmental factors with se-
verity of  liver disease, nitrite concentration in various fer-
mented food products widely used in the households of  
Assam and Northeast India were estimated using Griess 
reagent. The concentration of  nitrites in raw and ferment-
ed food products produced by indigenously developed 
fermentation techniques, as well as a few common supple-
mentary food products consumed routinely, are shown 
in Figure 4 and Table 4. The highest amount of  nitrite 
was found in mustard (fresh and fermented), followed by 
another fermented food product, Gundruk (fermented 
radish leaf) and betel leaf  (commonly known as Pan, and 
taken in combination with betel nut).

Based on the case histories of  the liver disease patients, 
which included their food habits, as well as considering 
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Figure 1  Polymerase chain reaction amplification results. A: Hepatitis B 
virus (HBV) genotyping results, where an amplicon of 307 bp represents HBV 
genotype A whereas an amplicon of 147 bp represents HBV genotype D; B: 
Hepatitis C virus (HCV) amplicon of 256 bp for the 5’UTR region; C: Hepatitis 
E virus (HEV) amplicon of 343 bp for the ORF1 region. The HCV and HEV 
amplicons were purified by gel extraction and subjected to direct sequencing for 
genotype determination on comparison with the standard NCBI representative 
sequences for HCV and HEV.
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Figure 2  Phylogenetic analysis using the Expasy software tool. A: Ran-
domly sequenced hepatitis B virus (HBV) cases representing HBV genotype D 
(ASSMHBV1) and A (ASSMHBV2) by multiplex polymerase chain reaction ge-
notyping, therefore confirming and validating our genotyping results; B: Hepati-
tis C virus (HCV) genotype base on direct sequencing of 5’UTR for isolate from 
Guwahati.
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the food habits of  the general Northeast Indian popula-
tion, we analyzed raw and fermented bamboo shoots 
and fish (including dried fish) for the presence of  volatile 

N-nitrosamines by GC-MS. The GC-MS/TEA analysis 
revealed the presence of  detectable amounts of  N-nitro-
samines in raw fish (data not shown), whereas there was 
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Table 2  Distribution of Cytochrome P450 2E1 genotype in hepatitis cases compared to controls

Number of individuals (% of group) Less common allele 
frequency

χ2 value
(P  value)

OR (95% CI)

Homozygous-more 
common allele

Heterozygous Homozygous-less 
common allele

RsaⅠ polymorphism c1/c1 c1/c2 c2/c2
   Controls (n = 124) 122 (98.39)   2 (1.61) 0 1.61 ref.
   Hepatitis (n = 104)   94 (90.39) 10 (9.71) 0 9.61 0.007 6.489 (1.389-30.326)
DraⅠ polymorphism DD DC CC
   Controls (n = 124) 122 (98.39)   2 (1.61) 0 1.61 ref.
   Hepatitis (n = 104)   96 (92.31)   4 (3.84) 4 (3.84) 7.69 0.026 5.083 (1.055-24.492)

Data represented as number of subjects showing respective genotype (%); P < 0.05 was considered to be statistically significant, control group was consid-
ered as reference group.

410 + 360 + 50 bp-c1/c2
360 + 50 bp-c1/c1

 Control                 Liver disease cases

           1      2     Nd                Nd    -veC      1        2      3        4        5 6        7

Figure 3  Polymerase chain reaction-restriction fragment length polymorphism results for Cytochrome P450 2E1 rsaⅠ genotyping for the control and liver 
disease cases. Lane 1 and 2 in the control section and lane 1-5 and 7 of the liver disease section represents c1/c1 genotype (360 + 50 bp); whereas lane 6 of the 
liver disease section repre-sents c1/c2 genotype (410 + 360 + 50 bp). Nd: Non-digested samples of 410 bp.

Table 3  Detail distribution of Cytochrome P450 2E1 genotypes in different underlying etiology of hepatitis

Number of individuals (% of group) Less common allele 
frequency

χ2 value
(P  value)

OR (95% CI)

Homozygous-more 
common allele

Heterozygous Homozygous-less 
common allele

RsaⅠ polymorphism c1/c1 c1/c2 c2/c2
   Controls (n = 124)   122 (98.4)    2 (1.6) 0   1.6 ref.
   HAV (n = 38)     36 (94.7)    2 (5.3) 0   5.3  0.160      5.229 (0.840-32.537)
   HBV (n = 22)     20 (90.9)    2 (9.1) 0   9.1  0.080      2.905 (0.252-33.484)
   HCV (n = 4)     4 (100) 0 (0) 0 0  0.798 0.968 (0.938-1.0)
   HEV (n = 10)   10 (100) 0 (0) 0 0  0.686     0.924 (0.880-0.971)
   HAV + HBV (n = 2)     2 (100) 0 (0) 0 0  0.856     0.984 (0.962-1.006)
   Alcoholic (n = 12)       8 (66.66)        4 (33.33) 0     33.33 < 0.0001       30.500 (4.835-192.418)
   Cryptogenic (n = 16)   14 (87.5)      2 (12.5) 0  12.5  0.014        8.714 (1.137-66.784)
DraⅠ polymorphism DD DC CC
   Controls (n = 124) 122 (98.4)    2 (1.6) 0    1.6 ref.
   HAV (n = 38)   34 (89.5)      2 (5.25) 2 (5.25)  10.5  0.006       7.176 (1.260-40.863)
   HBV (n = 22) 22 (100) 0 0 0  0.514     0.847 (0.790-0.908)
   HCV (n = 4)   4 (100) 0 0 0  0.798 0.968 (0.938-1.0)
   HEV (n = 10) 10 (100) 0 0 0  0.164     0.924 (0.880-0.971)
   HAV + HBV (n = 2)   2 (100) 0 0 0  0.856     0.984 (0.962-1.006)
   Alcoholic (n = 12)  10 (83.3)      2 (16.7) 0  16.7  0.003      12.220 (1.550-96.035)
   Cryptogenic (n = 16)  14 (87.5) 0 2 (12.5)  12.5  0.014        8.714 (1.137-66.784)

Data represented as number of subjects showing respective genotype (%); P < 0.05 was considered to be statistically significant, control group was consid-
ered as reference group. HAV: Hepatitis A virus; HEV: Hepatitis E virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus.
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no detectable amount of  N-nitrosamines in fermented 
and dry fish or raw and fermented bamboo shoots. 

DISCUSSION
Along with age, sex and viral factors, alterations in host 
genetic factors and environmental factors are also consid-
ered to be important in the development of  liver disease, 
but unfortunately, there are very limited data available 
on these important aspects in liver disease patients from 
Northeast India, who are ethnically distinct from those in 
other parts of  the country. More importantly, the popu-
lation in the northeast region is vulnerable to cancer of  
different etiology, as shown by the ICMR National Cancer 
Registry Program of. In this study, we determined the 
prevalence of  systemic hepatotropic viruses and their gen-
otypes, Cyp2E1 polymorphism, and the presence of  di-
etary toxic environmental carcinogens such as nitrites and 
nitrosamines in fresh and fermented food from Northeast 
India, and evaluated the role that they might play in the 
severity of  the liver disease or its predisposition. 

The highest prevalence of  fecal-oral infection occurs 
in regions where low standards of  sanitation promote vi-

rus transmission[28]. In most industrialized nations, where 
hepatitis A is no longer considered a childhood disease, in-
fections with HAV are increasingly contracted by adults[29]. 
Despite the high prevalence of  antibody in highly endemic 
populations, the virus perpetuates in the region due to its 
high physical stability. In our study, HAV infection was 
found in 36.5% of  the population and most of  the infect-
ed individuals were children and young people. This was 
followed by HBV infection in 21.2% of  the study popula-
tion, which is relatively on the higher side compared to 
other reports from different parts of  India[30-33]. This is a 
major concern because HBV infection is associated with a 
high rate of  hepatocellular carcinoma[34]. HBV genotype D 
was the most predominant genotype in our cohort, which 
is contrary to a report from the sister state in Northeast 
India, Arunachal Pradesh[35].

HEV and HCV infection was found in 9.6% and 
3.8% of  the cases, respectively. Viral hepatitis is a major 
public health problem in India, which is hyperendemic for 
HAV and HEV. HEV is also the major cause of  sporadic 
adult acute viral hepatitis and acute liver failure, and many 
epidemics of  HEV have already been reported in India. 
HCV infection in India has a population prevalence of  
around 1%, and occurs predominantly through transfu-
sion and the use of  unsterile glass syringes. HCV geno-
types 2 and 3 are found in 60%-80% of  the population[36]. 
Our results showed the prevalence of  different HCV 
genotypes, namely, 2, 3, 4 and 6, which warrants further 
study, including large cohort populations from all North-
east Indian states. Here, to the best of  our knowledge, we 
reported the presence of  HEV genotype 1 in Northeast 
India for the first time, which is similar to reports pub-
lished from other parts of  India.

CYP2E1 enzymes belong to the phase I group of  
drug-metabolizing enzymes that are involved in the meta-
bolic activation and detoxification of  various potential 
genotoxic compounds. CYP2E1 is involved in metabo-
lism of  more than 80 low-molecular-weight, hydrophobic, 
toxicologically dangerous compounds and contributes to 
activation of  many pro-carcinogens and several drugs to 
highly reactive metabolites[14]. Hepatic CYP2E1 has been 
shown to activate various carcinogens, therefore, there has 
been interest in whether certain CYP2E1 polymorphisms 
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Figure 4  Presence of nitrite in (μg/mL) in different food products routinely consumed in Northeast India.
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Table 4  Nitrite estimation in food products routinely con-
sumed in Northeast India

Sl. No. Name of foodstuff Amount of nitrite 
present (μg/mL)

1 Raw bamboo shoot 0.043
2 Fermented bamboo shoot 0.379
3 Raw fish (Puntius sarana) 0.900
4 Fermented fish 0.855
5 Dried fish 0.915
6 Raw radish leaf 0.050
7 Gundruk (fermented radish leaf) 2.150
8 Mustard seeds 10.500
9 Kharoli (fermented mustard) 10.800
10 Pork 0.650
11 Fermented pork 0.950
12 Beetle nut (wet, Tamul) 0.362
13 Beetle nut (dry, Supari) 0.612
14 Tea 0.300
15 Betel leaf (Pan) 2.400

Deka M et al . Molecular epidemiology of hepatitis infectionDeka M et al . Molecular epidemiology of hepatitis infection



might predispose to liver diseases and cancer[37]. The func-
tional polymorphism in these genes exhibits inter-individ-
ual variations in susceptibility towards various diseases and 
differences in therapeutic response. The variant sequences 
of  these genes differ considerably between ethnic groups. 
Therefore, the objective of  the study was to assess the 
prevalence of  CYP2E1 gene variants in healthy volunteers 
and compare them with the liver disease patients from 
Guwahati.

The most important polymorphisms identified in 5’
regulatory region with C→T replacement in position -1019 
and rsaⅠ restriction site loss (CYP2E1*5B) (77, 25). Vari-
ant c2 allele is expressed in vitro at a higher rate compared 
to wild-type, and homozygous c2/c2 genotype is associated 
with a 10-fold increase in CYP2E1 gene transcription. The 
functional significance of  CYP2E1*5B polymorphism 
might be due to its localization in presumed binding sites 
for hepatic transcription factor, hepatocyte nuclear fac-
tor-1[18,23]. Rare c2 allele frequency constitutes 24%-30% for 
Asian populations[25], 2%-3% for Caucasians[23], 0.3%-7% 
for Afro-Americans[23,38], 15% for Mexican Americans[39], 
and 18% for Taiwanese[40]. The DraⅠ polymorphism is 
also associated with altered activity of  CYP2E1, although 
DraⅠ is located in intron 6 and is not thought to affect 
transcription of  the gene[19].

Our study showed that the prevalence of  mutant C1/
C2 Cyp2E1 RsaⅠ allele and the mutant C allele of  DraⅠ  
was significantly higher in liver disease patients. The pres-
ence of  mutant Cyp2E1 RsaⅠ allele (P = 0.007, OR = 6.489 
at 95% CI: 1.389-30.326) and mutant C allele of  DraⅠ  
(P = 0.026, OR = 5.083 at 95% CI: 1.055-24.492) was 
significantly associated with hepatitis risk in Northeast In-
dian patients.

The prevalence of  the c1/c2 genotypes was lower than 
that reported in other Asian countries, but amongst the 
highest reported in the Indian population[41]. The serum 
glutamic oxaloacetic transaminase (SGOT) levels were 
also significantly higher in HAV cases that contained wild-
type Cyp2E1 DraⅠ allele (P = 0.019). The prevalence of  
mutant DraⅠ allele among patients with viral hepatitis 
was found to be significantly more only in cases of  HAV 
infection (P = 0.006). The presence of  underlying mutant 
DraⅠ allele might play a role in liver damage caused by 
acute HAV infection, but this also augments more indebt 
studies to conclude on the molecular interactions influ-
enced by HAV on CYP2E1 genes functionality or activity.

Induction of  cytochrome P450 2E1 by ethanol is be-
lieved to be one of  the central pathways by which ethanol 
generates a state of  oxidative stress and causes hepato-
toxicity. Hepatic CYP2E1 enzyme activity is significantly 
higher in alcoholic patients with liver disease than in those 
without signs of  liver disease[42]. In our study, Cyp2E1 c1/
c2 (P < 0.0001) and mutant DraⅠ (P = 0.003) allele was 
significantly associated with alcoholic liver disease. Mutant 
c1/c2 and DraⅠ (P = 0.014) was also found to be associ-
ated with cryptogenic hepatitis in liver disease patients 
from Northeast India.

There is a concern to maintain the levels of  nitrite as 
low as possible because of  suspected adverse effects on 

oxygenation of  the blood, and/or indirect carcinogenic 
effects, through formation of  nitrosamines. Nitrites have 
been known to cause cancer directly. Although there is 
little correlation between nitrate/nitrite and nitrosamine 
content of  food, nitrates and nitrites are agents in en-
dogenous nitrosamine formation in the gastrointestinal 
tract[11]. Therefore, the presence of  high nitrite concentra-
tion in raw and fermented mustard, radish and betel leaf  
and nut is also a high risk factor for adverse health effects, 
along with genetic and viral factors. Addition of  nitrite-
containing salts for storage of  some dried fish products 
and fermented pork also adversely affects the quality of  
the food. The European Commission Scientific Commit-
tee for Food (document 111/5611/95) has recommended 
that nitrate and nitrite should be limited to an acceptable 
daily intake of  0.06 mg/kg. Therefore, ingestion of  the 
above food products that contain high nitrite concentra-
tions is a high risk factor, especially for children.

Case-control studies have suggested that exposure 
to exogenous and possibly endogenous nitrosamines in 
food or tobacco in betel nut and cigarettes plays a role in 
the development of  liver disease and cancer. There is evi-
dence that endogenous nitrosation of  areca nut alkaloids 
can occur in animals and humans, and areca-nut-derived 
nitrosamines, including 3-(methylnitrosamino) propio-
nitrile, have been detected in the saliva of  betel quid 
chewers which is a common practice in Guwahati and 
throughout Northeast India. Epidemiological data have 
linked the use of  areca nut with other cancers such as liver 
cancer[43]. The presence of  volatile nitrosamines (N-di-
ethylnitrosamine and N-dimethylnitrosamine) in raw fish 
has been detected using the protocol followed by Mitacek  
et al[27]. The presence of  volatile nitrosamines could be an 
indication of  increasing pollution of  the River Brahmapu-
tra, which is one of  the life lines of  Northeast India, and 
its tributaries, from where the fish Puntius sarana is caught 
and fermented and dried. Our results is of  grave impor-
tance as case-control studies conducted in Thailand have 
implicated traditional lifestyle and especially consumption 
of  fermented-style fish and fermented vegetables[44]. For-
tunately, the nitrosamine levels were undetectable in fer-
mented and dried fish, contrary to what has been reported 
in other countries[27]. The non-detection of  nitrosamines 
in fermented fish, irrespective of  its presence in raw fish, 
could be attributed to the activities of  lactic acid bacteria 
during fermentation. 

To conclude, the diversity of  etiological factors associ-
ated with liver disease burden in Northeast India is enor-
mous with respect to the high prevalence of  certain hepa-
titis viruses, such as HBV, as well as the various HBV and 
HCV genotypes found in our study cohort. Moreover, 
strict vigilance and upgrading of  overall hygiene standards 
is mandatory to investigate epidemics of  HAV or HEV, 
which are also prevalent in Northeast India. CYP2E1 
polymorphism is supposedly associated with the risk of  
liver disease, especially in non-viral hepatitis patients, and 
the presence of  higher nitrite concentration in fermented 
dietary products in Northeast India, and nitrosamines in 
Areca catechu (betel nut) and raw fish, have clinical signifi-
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cance, because these environmental factors can act as ad-
ditional risk factors in liver disease susceptibility, by virtue 
of  the gene-environment interaction.
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Background
Molecular epidemiology of risk factors such as viral (e.g. hepatitis A, B, C and E 
viruses), host genetic [e.g. Cytochrome P450 2E1 (CYP2E1) gene polymorphism] 
and environmental factors such as toxic components in food and alcohol, is im-
portant for liver disease assessment, which might help to identify subpopulations 
with different sensitivities and predisposition to different grades or severity of liver 
disease. Scanty or no data are available on the above aspects from Northeast 
India, which has an ethnically distinct and different population from the rest of the 
country. The authors present the results of a case-control study from Guwahati (the 
capital of Assam, and hub and gateway of Northeast India), which was designed 
to explore the viral, environmental and genetic risk factors for liver diseases.
Research frontiers
The authors identified patient subgroups by serological profiling based on stan-
dard enzyme-linked immunosorbent assay techniques, followed by a molecular-
genotyping-based approach using polymerase chain reaction-restriction fragment 
length polymorphism direct sequencing for identifying hepatitis B, C and E geno-
types, as well as CYP2E1 polymorphisms. Biochemical assays (Griess’s method) 
and GC-MS were used for analyzing and quantifying nitrites and nitrosoamines.
Innovations and breakthroughs
For the first time, all three critical parameters, that is, viral, host genetic and 
environmental risk factors were evaluated in a case-control study from North-
east India. The study analyzed hepatitis virus genotypes, the role of CYP2E1 
polymorphisms, and the presence of toxic carcinogenic components in routinely 
consumed indigenous food products of Northeast India. 
Applications 
The molecular genotyping data on viral hepatitis could be useful for clinicians 
because viral genotypes have been shown to influence disease progression and 
antiviral therapies, and therefore, will helpful for clinical interventions and patient 
care. CYP2E1 genotyping data are useful as a prognostic marker for assessing 
the predisposition of patients towards liver disease. The safety aspects of the food 
products exclusively consumed in Northeast India were elucidated. Information 
about this is important for the public in Northeastern states of India.
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