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Abstract: Hepatitis C virus (HCV) has a high genetic diversity, with seven genotypes with 86 sub-

types. This genetic variability confers persistence in the infection and escape of the immune system 

with evolution to cirrhosis and cancer. Environmental factors can contribute to different disease 

progression, being essential to assess the viral genotype in the infection and discuss the environ-

mental particularities of Eastern Amazon, and the frequencies of Liver fibrosis between different 

HCV genotypes in patients living in a region of the Brazilian Eastern Brazilian Amazon. Consists in 

an observational cross-sectional study. Sociodemographic and clinical data of 76 individuals diag-

nosed with Hepatitis C between 2019 and 2020 in public health services were selected. Data collected 

was tabulated in Microsoft Excel 2010TM spreadsheets and analysed in GraphPad Prism 5.0TM. Liver 

fibrosis was associated with genetic subtypes. Subtype 1b was predominant (42.1%), followed by 1a 

(13%) and 3a (1.3%). 69.7% of participants had chronic hepatitis, with mild fibrosis (F1/F2) being the 

most prevalent (38.1%). Severe fibrosis was detected in 75% of individuals infected with the subtype 

1b, that is associated with more severe disease. We suggest further studies, to assess other commu-

nities in the region, as well as the monitoring of these patients with Liver Elastography to determine 

the disease evolution and its better management. 
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1. Introduction 

Hepatitis C virus (HCV) is a virus with a global infection incidence of 70 million 

worldwide (Mbituyumuremyi et al., 2018). Brazil’s northern region shows highest preva-

lence rate of this disease, and the states of Pará (Eastern Amazon) and Acre (Western Am-

azon) have the highest rates of this region, with 2% and 5.9%, respectively (Fonseca et al., 

2004). Complications will be developed by 55 - 85% of infected people. Liver Cirrhosis and 

hepatocellular carcinoma were responsible for approximately 290,000 deaths associated 

with the disease in the year of 2019 (Piselli et al., 2021; WHO, 2022; Brazil Ministry of 

Health, 2021). Chronic HCV is one of the main health problems globally, with highest rate 

of complications in comparison to other viral hepatitis (Westbrook et al., 2014; Motawi et 

al., 2021; Yousaf et al., 2021). 

HCV exhibits a high degree of genetic diversity, greater than HIV-1, being a challenge 

to development of vaccines and therapeutic by drugs (Messina et al., 2015). There are 

seven genotypes being described, subdivided into 86 subtypes. This genetic variability 

provides viral persistence, its mechanisms of immune escape, and increase the risk of evo-

lution to cirrhosis and cancer. The determination of the virus genotype is important be-

cause it is related to clinical presentation and prognostic (Wang et al., 2019; Strauss et al., 
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2013; Cheng et al., 2021). The most prevalent HCV genotypes in Amazon region are related 

with development of Liver fibrosis that are associated with disease complications. 

The Amazon population is exposed to environmental factors that would influence 

the diseases evolution. The effects of rainforest fires or agrobusiness actions directly im-

pact in ecosystem structure, favouring the endemic diseases (Codeco et al., 2021); vulner-

ability of populations with lack access of health services, basic sanitation, and adequate 

nutrition (Alves de Oliveira et al., 2021); and genetic factors related to miscegenation of 

brazilian population must be considered. There is epidemiological evidence that the gen-

otype of this virus associated with these environmental, and individual behaviours influ-

ence in the disease progression (Azhar et al., 2020).  

There are few studies associating clinical data of Liver Fibrosis with the viral geno-

typic classification in Eastern Amazon. This study aimed to identify the degree of liver 

fibrosis and HCV genotypes in patients from a community located in the Eastern Brazilian 

Amazon. 

2. Materials and Methods 

The study was approved by the Research Ethics Committee of Biologic and Health 

Centre, State of Pará University (opinion nº 4.478,618), being conducted in accordance 

with Helsinki Declaration for Research with human-beings, the data of participants was 

accessed from databases after authorization of Health authorities. 

This was an observational cross-sectional study with quantitative, descriptive, and 

analytical characteristics. The sample consisted of patients residing in the city of Abae-

tetuba, Pará, Eastern Brazilian Amazon, evaluated in the public health services between 

years 2019 and 2020. Data were collected from 103 patients aged ≥ 18 years. Twenty-seven 

patients were excluded from the study due to non-performance of viral load and/or gen-

otyping tests (n=24) and co-infection (n=3): Human Immunodeficience Virus (HIV) (n=1) 

and Hepatitis B Virus (HBV) (n=2); resulting in a final sample of 76 clinical records ana-

lysed. 

The clinical and epidemiological data were extracted from the patients’ clinical rec-

ords of viral hepatitis investigation from Notifiable Diseases Notification System (SINAN) 

and Sexual transmitted infectious diseases department (CTA/SAE). This public database 

are feed by health services when a diagnosis of a notifiable disease (e.g. HIV, HCV, tuber-

culosis, etc) was done, and contains (i) the Notification Form for viral hepatitis which con-

tains the sociodemographic data, (ii) the results of viral load tests, (iii) the results of viral 

genotyping, and (iv) the report of Liver Elastography exam (FibroscanTM, Echosens SA, 

Paris, France).  

Sociodemographic data includes age, sex, color/race, schooling, occupation, munici-

pality of residence, area of residence (urban or rural), marital status, possible form of 

transmission, clinical form.  The genotype of HCV for diagnosis was determined by kit-

based assays which employ complementary probes to report genotype. This kit-based as-

says are easy-to-use and do not require expertise as is required for sequencing. HCV gen-

otype cobasTM HCV GT, manufactured by Roche (Roche, USA) claims to identify HCV 

genotypes 1-6 and can discriminate between subtype a and b of genotype 1.  

The FibroscanTM transient elastography consists in a non-invasive exam that evalu-

ates the hepatic parenchyma at 25-65 mm of the skin in the right lobe of the liver. An 

ultrasound transducer in the axis of a vibrator is positioned in the same intercostal space 

where the liver biopsy is performed. Vibrations of mild amplitude and low frequency are 

transmitted from the vibrator to the tissues, inducing an elastic shear wave that propa-

gates through the tissues. Pulse-echo ultrasound acquisitions allow the propagation of the 

shear wave to be followed and its velocity to be measured, when stiffer the tissue, faster 

the shear wave is propagated. The patients were classified in the following fibrosis stages: 

F0 < 7.1 kPa (normal liver), F1 (mild fibrosis), F2 (mild to moderate fibrosis), F3 (severe 

fibrosis), and F4 (cirrhosis) (de Lédinghen & Vergniol, 2008; Carnauba et al., 2018; Franco 

et al., 2019; Lutz et al., 2012).   
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The data was organized in Microsoft Excel 2010TM (Microsoft Software Inc., Rich-

mond, USA) spreadsheets and analysed using GraphPad Prism 5.0 software (GraphPad 

Software Inc., San Diego, USA). Data with normal distribution were analysed using Stu-

dent’s T-test, while data without normal distribution were evaluated using Chi square or 

Fisher’s exact test. An alpha-level of 0.05 was adopted to reject the null hypothesis. 

3. Results 

Sociodemographic profile of study participants shows a predominance of male pa-

tients (67.1%) and those aged ≥ 60 years (53.9%), who are married or in stable union 

(69.7%), self-declared Dark-skinned (73.7%), residing in the urban area (85.5%). with more 

than nine years of education (59.2%) (Table 1).  

Table 1. – Sociodemographic profile of patients with hepatitis C, Abaetetuba, Pará, Brazil (2019- 

2020). 

SOCIODEMOGRAPHIC PROFILE n % P-Valor (1) 

AGE 

Up to 59 years old 35 46.1% 
0.491 

> 60 years old 41 53.9% 

Sex 

Men 51 67.1% 
0.004* 

Women 25 32.9% 

COLOR/RACE 

White 12 15.8% 

0.000* Black 8 10.5% 

Dark-skinned 56 73.7% 

SCHOOLING 

Up to 9 years of study 31 40.8% 

0.136 > 9 years of study 45 59.2% 

Incomplete/complete higher education 0 0.0% 

MUNICIPALITY OF RESIDENCE 

Abaetetuba 71 93.4% 
0.000* 

Others 5 6.6% 

 AREA OF RESIDENCE 

Rural area 11 14.5% 
0.000* 

Urban area 65 85.5% 

OCCUPATION 

Retired 
29 38.2% 

0.051 

Active work 47 61.8% 

MARITAL STATUS 

Married / Stable union 53 69.7% 
0.001* 

Single/ Widower 23 30.3% 

POSSIBLE FORM OF TRANSMISSION 

Surgical 43 56.6% 

0.000* Blood transfusion (Parenteral route) 46 60.5% 

Sexual Route 3 3.9% 

Not informed 20 26%  

CLINICAL FORM 

Acute 4 5.3% 

0.000* Chronicle 53 69.7% 

Not filled 19 25.0% 

(1) Pearson's Chi-square (Wilks' G²) test for independence (p-value < 0.05). *Significant Values. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2023                   doi:10.20944/preprints202302.0475.v2

https://doi.org/10.20944/preprints202302.0475.v2


 

 

Clinical profiles of the cohort indicated that the degree of fibrosis measured were 

classified as mild /mild to moderate fibrosis in 38.1% of cases (F1[14, 18.4%] /F2[15, 

19.7%]). There are a high prevalence of fibrosis degree classified as cirrhosis [F4(13, 

17.1%)]. The most prevalent genotype was genotype 1 (55.3%), followed by genotype 3 

(28.9%). The most expressive sub genotype was 1b (42.1%) (Table 2). 

Table 2. – Clinical profile of patients with hepatitis C according to the degree of liver fibrosis and 

the genotype of the hepatitis C virus, Abaetetuba, Pará, Brazil (2019-2020). 

CLINICAL PROFILE n % 
p-value 

(1) 

FIBROSIS CLASSIFICATION 

F0  8 10.5% 

0.140 

F1 14 18.4% 

F2 15 19.7% 

F3 8 10.5% 

F4 13 17.1% 

Exam not performed 14 18.4% 

Exam performed/not valid measures 4 5.3% 

ELASTOGRAPHY (RESULT IN KPA) 

1.2-6.2 11 14.5% 

0.000* 
6.2-11.2 32 42.1% 

11.2-16.2 6 7.9% 

16.2 ou mais 9 11.8% 

GENOTYPE OF HEPATITIS C VIRUS 

1 42 55.3% 

0.001* 2 2 2.6% 

3 22 28.9% 

HEPATITIS C VIRUS SUBGENOTYPE 

1a 10 13.2% 

0.000* 
1b 32 42.1% 

3a 1 1.3% 

Not Subtyped 10 13.2% 

(1) Pearson's Chi-square (Wilks' G²) test for independence (p-value < 0.05). *Significant Values; ns - 

Non-Significant Values. 

Genotypes and sub genotypes of the participants were associated with the degree of 

fibrosis. There is a difference between the different degrees of fibrosis related to their sub 

genotypes. Participants without fibrosis had type 1a sub genotype predominantly (3, 

60%), while those with severe fibrosis (F3)/ cirrhosis (F4) (15, 75%), and mild (F1)/ mild to 

moderate (F2) fibrosis (9, 60%) had 1b sub genotype (Figure). There was no significant 

difference in the genotype of patients according to the different degrees of fibrosis; thus, 

patients without fibrosis (F0) (5; 62.5%), with mild (F1) / mild to moderate (F2) fibrosis (15; 

55.6%), and with severe fibrosis (F3) / cirrhosis (F4) (16; 80%) had mostly type 1 genotype, 

between individuals infected with subtype 1b (15; 75%) are diagnosed with severe fibrosis 

(F3)/ cirrhosis (F4)  (Table 3). 

Table 3. - Distribution of patients with hepatitis C according to the genotypes, sub-genotypes, and 

liver elastography test (Kpa), Abaetetuba, Pará, Brazil (2019-2020). 

Genotypes/Subgeno-

types 

F0 

(n = 8) 

F1/F2 

(n = 27) 

F3/F4 

(n = 20) 
p-value (1) 

Hepatitis C virus geno-

type 
n % n % n %  
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1 5 62.5% 15 55.6% 16 80.0% 

0.607ns 2 0 0.0% 1* 3.7% 0 0.0% 

3 3 37.5% 11 40.7% 4 20.0% 

Hepatitis C virus sub-

genotype 

F0 

(n = 5) 

F1/F2 

(n = 15) 

F3/F4 

(n = 20) 
 

1a 3 60.0% 4 26.7% 3 15.0% 

0.002* 
1b 2 40.0% 9 60.0% 15 75.0% 

3a 0 0.0% 0 0.0% 1 5.0% 

Not subtyped 0 0.0% 2 13.3% 1 5.0% 

(1) Pearson's Chi-square (Wilks' G²) test for independence (p-value < 0.05). *Significant Values; ns- 

Non-Significant Values. 

4. Discussion 

In this study, most individuals with HCV were male and aged ≥ 60 years. 59.2% of 

the participants had 9 years or more of education. There was a predominance of dark-

skinned (73.7%). With regard to transmission, 60.5% of patients stated that it occurred by 

blood transfusion. Genotype 1 had the highest prevalence rate (55.3%), type 3 was the 

second most prevalent type (28.9%), followed by type 2 (2.6%). There is a high frequency 

of individuals diagnosed with severe fibrosis or cirrhosis infected with subtype 1b (15; 

75%). 

Men are more vulnerable to the risks of hepatitis C, their biological, social, behav-

ioural, and cultural issues, with turn them more vulnerable to HCV infection. They have 

a greater intensity of sexual activity and seek for health services with less frequency than 

women (Nicolau et al., 2017). In a 2014 study, 50% of the patients had a complete high 

school education, which was not protective in terms of preventing HCV infection (Moia 

et al., 2014). 

The genetic heterogeneity of population may impact the frequency and distribution 

of polymorphisms (Moia et al., 2014). Latin American population was composed by native 

americans, europeans, mostly from Spain and Portugal, and africans, that conferred a pre-

dominance of dark-skinned or black people in Brazilian and Amazonian population (Sua-

rez-Kurtz et al., 2014). About 30 million people are living in Amazon region, including 

quilombolas, indigenous people and riverine communities, as well as people of urban cen-

ters (Codeco et al., 2021). In this region, several people do not have adequate housing and 

basic sanitation conditions, and access to health services and adequate nutrition (Alves de 

Oliveira et al., 2021), It creates the conditions to maintenance and spread of infectious dis-

eases, that can potentially modify the development of HCV infection. 

The majority of study participants developed the chronic form of the disease. It is 

known that infection occurs mainly through contact with contaminated blood. Transfu-

sion of blood and blood products was the main risk factor for hepatitis C transmission in 

the past, which resulted in a 10% risk of acquiring infection (Sá et al., 2013; WHO, 2022) , 

and the chronic form of the disease are the main clinical form of cases of hepatitis C, with 

> 60% of cases in almost all age groups analysed. Furthermore, another factor that may be 

related to the chronicity of the disease is the occurrence in people with less access to in-

formation and health services, as this vulnerability is a risk factor for infection and not 

early diagnosis (Salzano & Sans, 2014). 

Viral hepatitis is a serious health problem in the Amazon. The earliest observations 

recognizing this, were made in the endemic areas of northwestern Colombia and western 

Brazilian Amazon (Benshabat & Dias, 1987). In the late 1960s, an outbreak of acute fulmi-

nating hepatitis occurred among Yanomami from the upper Orinoco river basin (Torres & 

Mondolfi, 1991). A similar outbreak occurred among Yukpa Ameridians by the end of 

1970s, with 149 cases and 34 deaths (Hadler et al., 1984). These endemic or epidemic situ-

ations was the high frequency of cases with haemorrhagic manifestations, similar to an 

atypical form of yellow fever, leading to diagnostic error. Further research realized that 
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the forest areas in the North and Center of South America were highly endemic for hepa-

titis agents (Echevarria & Leon, 2003).  

The environmental and socioeconomic reality of Amazon region, linked to agrarian 

economy of region have an influence in evolution of infectious diseases (Codeco et al., 

2021). The contamination of water, soil, air, and food by mining activity, deforestation, 

and rainforest fires causes loss of biodiversity, alteration in the structure and function of 

ecosystem. The global climate changes and Amazon rainforest savannization affects the 

health conditions of populations, exposing more than six million people to conditions of 

extreme risk for human health, 50% of these people live under conditions of high social 

vulnerability (Oliveira et al., 2021).  

These climate changes impacts in the behaviour of disease-transmitting vectors 

(Oliveira et al., 2021). The interaction of population with other endemic infectious dis-

eases, such as Malaria, Dengue, Zika, Chikungunya, Yellow Fever, Chagas Disease, HIV, 

HTLV, and others, as well as the relationship between these pathogens and HCV would 

be related with the disease evolution in this population (Figure). 

 

 

Figure 1. b, 1a and 3a are the most prevalent in Eastern Amazon, Subtype 1b is related to Advanced 

and Mild Liver fibrosis, the individuals with fibrosis have a risk to development of Liver cirrhosis 

of 20%. Associated to HCV infection, the environmental factors as ethnic diversity, social vulnera-

bility, diversity of pathogens in Amazon region, and the risk behaviors increase the risk of worse 

prognostic. 

In this study Genotype 1 had the highest prevalence rate (55.3%). Type 3 was the 

second most prevalent type (28.9%), followed by type 2 (2.6%). This result corroborates 

other studies conducted in the Brazilian Amazon and Latin American countries. Regard-

ing sub-genotypes, the most prevalent subtype was 1b (42.1%). Studies carried out in other 

locations corroborate the results of this research, in the Eastern Amazon (Moia et al., 2014; 

Confalioneri et al., 2013; Sawada et al., 2011; Guimaraes et al., 2018), Paraguay and Co-

lombia (Echevarria & Leon, 2003; Oliveira et al., 2021), and recent studies from Northern, 

Southern and Eastern Europe have also shown the predominance of genotype 1(Confa-

lonieri et al., 2014; Sawada et al., 2011; Guimarães et al., 2018). 

Studies of genotypic distribution is important for a better understanding of the epi-

demiological profile, and the clinical diagnostic, and therapeutic measures to be adopted 

in which case.  The prognosis, duration of treatment, cure rates and drugs to be utilized 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2023                   doi:10.20944/preprints202302.0475.v2

https://doi.org/10.20944/preprints202302.0475.v2


 

 

depends in great measure of the genotype and subtypes. Genotype 1 is responsible for 

more cases than any other, worldwide, with about 83.4 million cases, Genotype 3 is the 

second most common, with 54.3 million cases estimated (Messina et al., 2015), and the 

subtypes 1b and 3a are associated with more severe forms of the disease, fibrosis, and a 

major risk for development of hepatocellular carcinoma (Barbosa et al., 2019; Messina et 

al., 2015; Olmedo et al., 2019). 

The degree of fibrosis measured were severe fibrosis/cirrhosis (F3/F4) in 80% of the 

Individuals infected with HCV genotype 1, as well as, 75% of the infected with subtype 

1b. It is known that the weighting of the fibrotic degree of the liver in patients with hepa-

titis C has a high value in terms of diagnosis and prognosis, since approximately 20% of 

patients with chronic disease can have progression to liver cirrhosis (Bruno et al., 2007). 

Liver fibrosis grade according to the liver elastography test, which is a non-invasive, val-

idated diagnostic method used to identify and classify liver fibrosis, was classified as fol-

lows. F0 (without fibrosis) < 7.1 kPa; F1/F2 (mild/ mild to moderate fibrosis) 8.8–9.5; and 

F3/F4 (severe fibrosis/ cirrhosis) 9.6 to ≥ 12.5 (Carnauba et al., 2018; Franco et al., 2019; Lutz 

et al., 2012).  

However, 18.4% (n=14) of the participants did not undergo an examination to verify 

the degree of fibrosis. These data are worrying, as it is of fundamental importance to de-

termine the degree of fibrosis so that the patient can receive the suitable therapeutic 

measures and the most appropriate follow-up for their clinical condition. It is known that, 

even today, the gold standard for this determination is liver biopsy; and despite Liver 

transient elastography be an efficient non-invasive technique, have a high cost and is less 

available in public health centres (Franco et al., 2019; Fahmy et al., 2011; Mello et al., 2020).  

5. Conclusions 

The study revealed the high predominance of genotypes 1 and 3 and subtypes 1a, 1b, 

and 3a among the studied population, with a higher prevalence of severe liver fibrosis 

(F3) and cirrhosis (F4) between individuals infected with genotype 1, subtype 1b. These 

HCV genotypes are the most prevalent in the national territory, being associated with 

more aggressive clinical forms. The results of this study allow us to elucidate the geno-

typic behaviour of HCV and its association with liver fibrosis and cirrhosis in the Brazilian 

Eastern Amazon, which is known to be a region of high prevalence for the virus, and with 

environmental factors that would impacts in the evolution of diseases. 
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