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Abstract 
Background: Most viral hepatitis deaths in 2015 were due to chronic liver 
disease (720,000 deaths due to cirrhosis) and primary liver cancer (470,000 
deaths due to hepatocellular carcinoma). Mongolia has a relatively high se-
ro-prevalence of HCV nationally, approximately 6% (CDA Foundation/Polaris 
Observatory). Mongolia has a large burden of viral hepatitis, especially 
chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infections, which 
are associated with cancer and cirrhosis. Methods: All adults aged 40 - 65 
years being tested for anti-HCV antibodies during the campaign of Arkhan-
gai province. Risk assessment survey questionnaire that includes about beha-
vioral and clinical factors potentially associated with HCV infection was used 
for optioning data. Statistical analysis that was done using SPSS version 21 
was used for data analyzed. The relevant parametric and nonparametric tests 
were used for data analysis. Result: All 17,601 surveyed of individuals were 
tested for HCV by using ELISA test for detecting the anti-HCV Ab; 3289 of 
them were positive and 3049 of them had detected a viral load test. Most of 
screened population was female (9095, 52.0%), mainly herdsman (7206, 
40.9%), married (15,425, 87.6%), educated secondary level school (11,997, 
68.2%) and aged between (9289, 52.8%). Significantly high number of female 
(60.6%), retired people (31.4%), single (13.8%) and people aged 55 - 59 years 
(21.6%) were infected more HCV-positive than other groups. Patients with 
HCV were more likely than uninfected individuals to have undergone any 
kind of surgery, wound and bloodletting treatment in life time. In addition, 
individual’s job plays important role to get infected with HCV. Only 914 
(5.2%) individuals were reported that had no risk factors. 16.6 percent of 
screened individual were reported they had at least 3 types of risk factors. In to-
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tal 10,524 individuals were reported that they had more than 4 risk factors to 
possibility to getting infected with HCV. Conclusion: In total, 19.5 percent of 
screened individuals had anti-HCV antibody, and most of them was not 
known not only mothers and sexual partners but also own infection to HCV. 
Mongolian prevalence of anti-HCV was relatively high. As would be predicted 
based on accepted risk factors, HCV-positive participants were more likely to 
have used injection at the non-medical environment, and had any kind of den-
tal procedure, received blood transfusion, been shared needles/injection at the 
non-hospital environment. Also variety of personal behaviors like having any 
kind of tattoos influenced significantly to infected to HCV. 
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1. Background 

Most viral hepatitis deaths in 2015 were due to chronic liver disease (720,000 
deaths due to cirrhosis) and primary liver cancer (470,000 deaths due to hepato-
cellular carcinoma). Globally, in 2015, estimated 257 million people were living 
with chronic HBV infection, and 71 million people with chronic HCV infection 
[1]. Due to the fact that acute HCV infection is usually asymptomatic, few 
people are diagnosed during the acute phase. In those people who go on to de-
velop chronic HCV infection, the infection is also often undiagnosed, because 
the infection remains asymptomatic until decades after infection when symp-
toms develop secondary to serious liver damage [2]. 

Mongolia has a relatively high sero-prevalence of HCV nationally, approx-
imately 6% (CDA Foundation/Polaris Observatory). Mongolia has a large bur-
den of viral hepatitis, especially chronic hepatitis B virus (HBV) and hepatitis C 
virus (HCV) infections, which are associated with cancer and cirrhosis. Chronic 
HBV infection is acquired in early childhood in Mongolia, while HCV and he-
patitis delta virus (HDV) transmission is healthcare related. Mongolia also has 
the highest and increasing rate of liver cancer and mortality from liver cancer in 
the world. Cancer is the second most common cause of death in Mongolia and 
liver cancer is responsible for 44% of all cancers. Chronic hepatitis B and C in-
fections are responsible for 95% of liver cancers in the country [3].  

Differences in past HCV incidence and current HCV prevalence, together 
with the generally protracted nature of HCV disease progression, have led to 
considerable diversity in the burden of advanced liver disease in different coun-
tries. Countries with a high incidence of HCV or peak incidence in the recent 
past will have further escalations in HCV-related cirrhosis and hepatocellular 
carcinoma (HCC) over the next two decades. The disease progression of chronic 
HCV infection often accelerates after 20 years of infection, with lifestyle factors 
key drivers of hepatic fibrosis [4].  

Mongolia is a lower-middle-income country located in Central Asia and bor-
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dered by Russia and China. Mongolia is unique as it is one of the most sparsely 
populated countries in the world with 1.9 people per square kilometer [5]. The 
very low population density and harsh climate make communication, transport, 
and economic development challenging, thereby complicating health service 
provision in this country [6].  

Arkhangai is one of the 21 provinces of Mongolia, is located slightly west of 
the country center, covers 21,367 sq.mi and has about 90,000 people living in 19 
rural townships (sums). Average life expectancy of resident is 71.08. In total, 
27,125 household was inhabited in this province. The province center located 
650 km away from the capital city Ulaanbaatar and each township is located 
within 280 km from the provincial center some of them has off-road to reach 
soum center. The living condition of most household is indoor burning tradi-
tional ger dwellings. Internal migration out of province is steadily increased 
since 2006. From 2011 to 2017, total fertility rate has increasing reached from 
2.69 to 2.89. The main field of economy in the province is agriculture, predomi-
nantly animal husbandry. According to 2017, the province has home to 5,290,300 
domestic animals: goats, sheep, horses and camels [7].  

According to survey Baatarkhuu et al. 2008, prevalence of viral C hepatitis is 
16.7 percent [8]. After receiving a donation of HCV diagnostic commodities and 
drugs, in 2016-2017 the Arkhangai province in Mongolia created an HCV eli-
mination campaign among adults’ ages 40 - 65 years. The local health depart-
ment assembled an HCV screening and treatment plan, guidelines, health facility 
staff trainings, and a public awareness campaign.  

Chronic untreated HCV infection progresses to conditions such as cirrhosis 
and hepatocellular carcinoma, which eventually lead to death. Despite an overall 
decline in new infection incidence globally, mortality due to chronic HCV is still 
high and may increase in coming years due to existing high infection rates and 
lack of connection to diagnosis and treatment [9] [10]. 

Jos et al. 2002 developed a mathematic model to estimate the probability of 
virus transmission by blood transfusion when NAT screening methods are used 
for virologic safety testing. This is a proper mathematic model for the calculation 
of residual infection risk by blood transfusion helps understand the impact of 
introducing new NAT methods for blood safety testing which is also needed in 
Mongolian case [11]. 

2. Ethical Considerations 

The survey methodology was reviewed and got approval from the Mongolian 
National University of Medical Sciences Ethical Committee on the 17th February, 
2017, # No. 2017/3-2017/02.   

3. Methods  
3.1. Study Population 

All adults ages 40 - 65 years being tested for anti-HCV antibodies during the 
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campaign of Arkhangai province.  

3.2. Data Collection and Duration  

The screening campaign took place from December 2016 to November 2017, 
with treatment and follow-up through November 2016 to February 2017 (the 
coldest season of the year average temperature is −20˚C). During the campaign, 
17,601 individuals out of 21,700 population (aged between 40 and above) were 
screened for anti-HCV antibodies, representing approximately 81.1% of the 
population ages 40 - 65 years.  

3.3. Survey Instrument  

Based on a literature review regarding HCV risk factors, we developed a risk as-
sessment survey questionnaire that includes about behavioral and clinical factors 
potentially associated with HCV infection. Information obtained from all the 
participants included age, race, sex, education and income levels. The question-
naire also included risk factors (e.g., sharing needs and syringes, history of sur-
gery, usage of blood transfusion, and others). Most questions posed in a yes/no 
format. 

The patient medical record card was created during the treatment period of 
time and patients who tested positive but didn’t meet the criteria for hepatitis C 
treatment brought to the attention of the expert’s team from tertiary level hos-
pital to determine if further hepatitis C management was possible.  

3.4. Statistical Analysis 

Statistical analysis was done by using SPSS version 21 (SPSS Inc., Chicago, IL, 
USA) and used for data analysis. Collected data exported from MS Excel 2010 to 
SPSS 21.0 software’s database and each information analyzed thoroughly. All 
parameters of survey result was calculated using the parameters of averages and 
frequency. The relevant parametric and nonparametric tests as follows: 
Mann-Whitney U test, Kruskal-Wallis test and ANOVA tests were used to 
compare mean and median parameters, Chi square test was used to compare ca-
tegorical variables, in order to determine normality of the variance we used the 
Kolmogorov-Smirnov test. Frequencies and percentages was calculated to de-
scribe each components of the testing, treatment cascade and differences be-
tween groups (gender, risk factors, presence of HCV and etc.) was calculated 
with 95% confidence intervals (95% CI). In order to evaluate some possible risk 
factors for the spread of hepatitis C infection we used multiple logistic regression 
analysis. No any data were excluded from this analysis.  

4. Result 

All 17601 surveyed of individuals were tested for HCV by using ELISA test for 
detecting the anti-HCV Ab, from them 3289 individuals were positive and 3049 
of them had detected viral load test. Also we had analyzed HBsAg among HCV 
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positive patients and 236 (7.2%) of them were determined HBsAg.  
Table 1 shows socio-economic characteristics and HCV risk factors of the 

liver disease by HCV status. Most of screened population was female (9095, 
52.0%), mainly herdsman (7206, 40.9%), married (15,425, 87.6%), educated 
secondary level school (11,997, 68.2%) and aged between (9289, 52.8%).  

Significantly high number of female (60.6%), retired people (31.4%), single 
(13.8%), and people aged 55 - 59 years (21.6%) were more HCV-positive than 
other groups. As expected HCV-positive patients were by 4 year older than the 
HCV-negative people and they numbers of risk factors were also higher than the 
HCV-negative people. Annual income level was similar in both HCV positive 
and negative group of people.  

As would be predicted based on accepted risk factors, HCV-positive partici-
pants were more likely to have used injection at the non-medical environment, 
had any kind of dental procedure, received blood transfusion, been shared 
needles/injection at the non-hospital environment. Also variety of personal be-
haviors like having any kind of tattoos influenced significantly to infected to 
HCV.  

Patients with HCV were more likely than uninfected individuals to have un-
dergone any kind of surgery, wound and bloodletting treatment in life time. In 
addition, individual’s job plays important role to get infected with HCV.   

In the logistic regression model, a separate indicator variables were included. 
The age of individuals was the strongest risk factor (age group 40 - 44 vs. 45 - 49 
(OR = 3.26; 95% CI 2.87 - 3.70), age group 40 - 44 vs. 50 - 54 (OR = 3.03; 95% CI 
2.67 - 3.45), age group 40 - 44 vs. 55 - 59 (OR = 2.45; 95% CI 2.15 - 2.79) and age 
group 40 - 44 vs. 60 ≤ (OR = 1.39; 95% CI 1.22 - 1.59). Other predictors included 
a gender (OR = 1.45; 95% CI, 1.34 - 1.58), having any kind of surgery in life time 
(OR = 1.42; 95% CI, 1.302 - 1.55), history of blood transfusion (OR = 1.69; 95% 
CI 1.48 - 1.94), being used bloodletting treatment (OR = 1.17; 95% CI, 1.06 - 
1.29), and having any kind of tattoos (OR = 1.16; 95% CI 1.05 - 1.29). As follows 
the model of the prediction of HCV infection:  

HCV positive = −0.0657 + 0.192 × Dental procedure + 0.215 × Tattoos  
+ 0.225 × Lancet for bleeding + 0.498 × Surgery + 0.474 × Work  

with shark items + 0.538 × Blood transfusion + 1.069 × Age group (1)  
(40 - 44 age vs. 45 - 49 age) + 1.124 × Age group (2) (40 - 44 vs. 50 - 54)  

+ 0.825 × Age group (3) (40 - 44 vs. 55 - 59) + 0.258  
× Age group (4) (40 - 44 vs. 60 and above). 

One third of screened individuals (2556, 77.7%) were not aware about own 
HCV infection status. Only 22.3 percent of (733) individuals were knew about 
own HCV infection before screening, and slightly high numbers of female HCV 
positive patients were aware about self and mother’s HCV infection status. 
While, male individuals were significantly more knew about partner’s HCV in-
fection status (Figure 1).  

In the questionnaire, all individuals were asked to describe their risk factors. 
Only 914 (5.2%) individuals were reported that had no risk factors. 16.6 percent  
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Table 1. General characteristics of screened individuals.  

Study population characters 
HCV positive 
number (%) 

N = 3289 

HCV negative 
number (%) 
n = 14312 

Total number (%) 
n = 17601 

P-value 

Sex* 
   

<0.001 Male 
Female 

1289 (39.4) 
1980 (60.6) 

7113 (50.0) 
7115 (50.0) 

8402 (48.0) 
9095 (52.0) 

Employment status* 
   

<0.001 

Employed 
Private business 

Retired 
Herdsman 

Unemployed 
Not working due to health 

Unknown (missing) 

573 (17.4) 
310 (9.4) 

1032 (31.4) 
1007 (30.6) 

164 (5.0) 
183 (5.6) 
20 (0.6) 

2539 (17.7) 
1347 (9.4) 

2395 (16.7) 
6199 (43.3) 
1046 (7.3) 
702 (4.9) 
84 (0.6) 

3112 (17.7) 
1657 (9.4) 
3427 (19.5) 
7206 (40.9) 
1210 (6.9) 
885 (5.0) 
104 (0.6) 

Marital status* 
 

  
0.005 Single 

Married 
454 (13.8) 

2835 (86.2) 
1722 (12.0) 

12,590 (88.0) 
2176 (12.4) 

15,425 (87.6) 

Educational level     

Uneducated 
Low 

Low secondary 
High secondary 

Collage 
High 

Master and PhD 

60 (1.8) 
374 (11.4) 

1049 (31.9) 
1229 (37.4) 

295 (9.0) 
268 (8.1) 
14 (0.4) 

334 (2.3) 
1731 (12.1) 
4557 (31.8) 
5162 (36.1) 
1253 (8.8) 
1216 (8.5) 
59 (0.4) 

394 (2.2) 
2105 (12.0) 
5606 (31.9) 
6391 (36.3) 
1548 (8.8) 
1484 (8.4) 

73 (0.4) 

0.41 

Age group*     

40 - 44 
45 - 49 
50 - 54 
55 - 59 

60≤ 

660 (20.1) 
628 (19.1) 
633 (19.2) 
711 (21.6) 
657 (20.0) 

4231 (29.6) 
3770 (26.3) 
3095 (21.6) 
1926 (13.5) 
1290 (9.0) 

4891 (27.8) 
4398 (25.0) 
3728 (21.2) 
2637 (15.0) 
1947 (11.1) 

<0.001 

Median age in years ± IQR* 52 ± 12 48 ± 10 49 ± 11 <0.001 

Median monthly income in 
tug rugs ± IQR* 

250,000.00 ± 
300,000.00 

250,000.00 ± 
300,000.00 

250,000.00 ± 
327,750.00 

<0.001 

HCV risk factors     

Median No of risk factors ± 
IQR* 

5 ± 16 4 ± 14 4 ± 16 <0.001 

Dental procedure* 2536 (77.1) 10453 (73.0) 12989 (73.8) 0.000002 

Cosmetic procedure* 555 (16.9) 1911 (13.4) 2466 (14.0) <0.001 

Wound treatment* 1091 (33.2) 3908 (27.3) 4999 (28.4) <0.001 

Tattoo* 834 (25.4) 2833 (19.8) 3667 (20.8) <0.001 

Bloodletting treatment* 650 (19.8) 2172 (15.2) 2822 (16.0) <0.001 

Sharing shaving device 100 (8.1) 519 (7.6) 619 (7.7) 0.551 

Sharing toothbrush 112 (3.4) 574 (4.0) 686 (3.9) 0.106 

Injection at non  
hospital/sharing needles* 

3079 (93.6) 13,060 (91.3) 16,139 (91.7) 0.00001 
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Continued 

Had any kind of surgery 1652 (50.3) 5520 (38.6) 7172 (40.8) <0.001 

Hemodialysis 21 (0.6) 66 (0.5) 87 (0.5) 0.19 

Contacting and using sharps 
and needles* 

299 (9.1) 709 (5.0) 1008 (5.7) <0.001 

*p < 0.005. 

 

 
Figure 1. Percentage of HCV positive patient about awareness on self, mothers and part-
ners HCV positive status by gender. 
 
of screened individual were reported they had at least 3 types of risk factors. In 
total 10524 individuals were reported that they had more than 4 risk factors to 
possibility to getting infected with HCV (Table 2).  

In comparison, Table 3 shows the result of the logistic regression model on 
numbers of risk factors. The strongest numbers of risk factors were two (OR = 
3.23; 95% CI 2.54 - 4.11) to three (OR = 2.30; 95% CI 1.99 - 2.66) risk factors.  

5. Discussion 

Asymptomatic patients with HCV infection identified through screening pro-
gram could benefit not only from treatment but also from other interventions 
such as counseling to maintain health and avoid risk behaviors. This might pre-
vent the spread of infection and result in significant public health benefits [12].  

Thus, this study aimed to reveal anti-HCV antibody though macro screening 
among all aged 40 - 65 in Arkhangai, in Mongolia. In total, 19.5 percent of 
screened individuals were had anti-HCV antibody, and most of them were not 
known not only mothers and sexual partners but also own infection to HCV.  
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Table 2. Number of risk factors of HCV positive patient by gender.  

No of risk factors 
Male, HCV positive  

number (%), n = 1294 
Female, HCV positive 
number (%), n = 1995 

Total, HCV positive 
number (%), n = 3289 

0 
1 
2 
3 
4 
5 
6 
7 

≥8 

72 (5.6) 
39 (3.0) 

145 (11.2) 
182 (14.1) 
204 (15.8) 
176 (13.6) 
174 (13.4) 
136 (10.5) 
166 (12.8) 

72 (3.6) 
45 (2.3) 

183 (9.2) 
313 (15.7) 
214 (10.7) 
264 (13.2) 
202 (10.1) 
189 (9.5) 
513 (25.7) 

144 (4.4) 
84 (2.6) 

328 (10.0) 
495 (15.1) 
418 (12.7) 
440 (13.4) 
376 (11.4) 
325 (9.9) 
679 (20.6) 

p value <0.001 <0.001 <0.001 

 
Table 3. Odds ratio of HCV logistic regression model that considers the number of risk 
factors reported.  

Numbers of risk factors Odds ratio 95% CI 

1 vs. 0 
2 vs. 0 
3 vs. 0 
4 vs. 0 
5 vs. 0 
6 vs. 0 
7 vs. 0 

8≤ vs. 0 

1.93 
3.23 
2.30 
1.77 
1.84 
1.49 
1.34 
1.19 

1.59 - 2.36 
2.54 - 4.11 
1.99 - 2.66 
1.55 - 2.02 
1.61 - 2.11 
1.30 - 1.71 

1.16  - 1.55 
1.02 - 1.39 

Nagelkerke R2 = 0.021, p < 0.001. 

 
Those findings were similar with many other researches that most people do 

not know their hepatitis status. Cohen et al., 2007 had conducted a cohort of 
3768 women who had or were at risk for HIV infection. About one-fourth of 
those with chronic HCV infection were not aware of their infection status [13]. 
WHO reported that the simple and effective hepatitis testing strategies and tools 
are lacking, with less than 5 percent of people with chronic hepatitis infection 
knowing their status. For this reason, diagnosis often occurs late and appropriate 
tests to assess liver disease and guide treatment decisions, including when to 
start treatment, are seldom available [14].  

Ludmila [15] et al. were figured out HCV prevalence of 11 countries. The 
HCV prevalence data show a general national population anti-HCV prevalence 
range of 1.5 to 7.5, with Kazakhstan and Georgia having the lowest and highest 
rates, respectively. Using 2016 population figures from national sources, total 
numbers of HCV-positive people are highest in Russia (5.9 million), Uzbekistan 
(1.8 million) and Ukraine (2.1 million). Prevalence among persons who injects 
drugs ranges from 22.7 (Tajikistan) to 70 - 95 (Belarus). Since only small studies 
were available, ranges are shown for Belarus, Georgia, Moldova and Tajikistan. 
Persons who injects drugs are specified as a key population in nine countries 
(82); healthcare workers and patients undergoing invasive/hospital-level proce-
dures are specified in three (27). Those countries are post-soviet union which are 
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similar with Mongolian condition. Compared to this survey according to our 
survey findings, Mongolian prevalence of anti-HCV was relatively high.  

The major modality of HCV transmission in Mongolia over the past half cen-
tury has been through parenteral exposure within the formal and informal 
health sector. The proportion of cases that acquire HCV infection through sex-
ual or vertical transmission is unknown. Injecting drug use is currently very un-
common in Mongolia and does not play a significant role in the transmission of 
HCV. The two major sero epidemiological surveys for HBV also included HCV 
serology, and are the most nationally representative sero surveys carried out in 
Mongolia to date [16] [17] [18].  

Age distribution among adults, the prevalence of anti-HCV antibody (Ab) in-
creases with age, with the highest prevalence in both population-based studies 
seen among persons in birth cohorts from the mid-1950s and earlier, and lowest 
among persons in the birth cohorts from about 1990 onward [3]. Based on this 
statement possibilities to get infected risk of older individuals who attended to 
our survey was relatively high than younger people.  

A number of studies indicate that the peak of viral hepatitis transmission was 
in the 1970s and 1980s before disposable syringes were available in Mongolia. 
Poor infection control, re-use of syringes in health settings and administering 
injections at home led to the rapid spread of viral hepatitis [19]. We defined that 
among people who aged 40-65 had high risk of history of re-use of syringes not 
only in the hospital but also at non-hospital environment.  

Based on survey finding of Hwang et al. 2006 [20] was higher HCV prevalence 
was independently associated with increasing age, history of injection drug use, 
blood transfusion before 1991, incarceration. There was no increased risk for 
HCV or HBV infection in low-risk adults based solely on history of cosmetic 
procedures or snorting drugs. In our survey, also higher risks were age, blood 
transfusion, sharing a needs, cosmetic procedures and tattoos. In addition, un-
dergone any surgery in life time, dental procedure, risky hygienic behaviors were 
also adding a risk to get infected in Mongolia. There are many other researchers 
were highlighted risk factors of HCV is age, blood transfusion, tattoos, and cos-
metic procedures [21] [22] [23] [24].   

David L Thomas [25] et al. was assessed the occupational risk of hepatitis C 
virus (HCV) infection among dental personnel in North America. Anti-HCV 
was found in 2.0 percent of oral surgeons and 0.7 percent of general dentists. 
Anti-HCV was more prevalent in dental personnel who were older, had more 
years of practice, and had serologic markers of HBV infection and they are con-
firming high rates of HBV infection among dental personnel. Risk factor that 
asked in our survey shows working with sharp items is one of main risk factors 
of HCV among Mongolian health personnel.  

Based on WHO recommendation each country should define the specific 
populations within their country that are most affected by viral hepatitis epi-
demics and the response should be based on the epidemiological and social con-
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text. We would suggest based on our findings age, gender, having any kind of 
surgery in life time, being used bloodletting treatment, having any kind of tat-
toos, and dental procedures are most risky context of HCV infection in Mongo-
lian rural settings.  

In many countries, much transmission of hepatitis B virus and hepatitis C 
occurs in health care settings and therefore specific populations for focused at-
tention include people who have been exposed to viral hepatitis through unsafe 
blood supplies and unsafe medical injections and procedures. In settings with 
high hepatitis B prevalence, mother-to-child transmission of hepatitis B is likely 
to be a major mode of transmission, along with early childhood infection among 
those who have not been vaccinated. People who inject drugs are at high risk of 
hepatitis C infection and hepatitis B infection because of the shared use of con-
taminated injecting equipment and blood. Mobile populations, and people af-
fected by conflict and civil unrest may be at particular risk of all forms of viral 
hepatitis infection because of their living conditions, lack of access to clean water 
and safe food and medical services that cannot maintain effective infection con-
trol measures. People who will require specific attention include those with 
co-infections such as: hepatitis B and C combined; viral hepatitis and tuberculo-
sis; and HIV and viral hepatitis. 

Our study has several limitations. Although trained physicians were asked 
screening questions we used self-reported HCV risk factors. In the question-
naire’s some of self-reported risk factors are missing. In our study population 
might not be representative for the population as a whole but could be present 
whole population aged 40 - 65 in Arkhangai province.  

In further cost-effectiveness analysis and public health actions should take in-
to account not only the screening of anti-HCV (Ab) and treatment of HCV in-
fected individuals but also the strategy on prevention of re-infection is essential.  
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