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Abstract

AIM
To assess hepatitis C virus (HCV) geographic integration, evaluate the spatial and temporal evolution of HCV worldwide and propose how to diminish its burden. 

METHODS
A literature search of published articles was performed using PubMed, MEDLINE and other related databases up to December 2015. A critical data assessment and analysis regarding the epidemiological integration of HCV was carried out using the meta-analysis method. 

RESULTS
The data indicated that HCV has been integrated im​men​sely over time and through various geographical regions worldwide. The history of HCV goes back to 1535 but between 1935 and 1965 it exhibited a rapid, exponential spread. This integration is clearly seen in the geo-epidemiology and phylogeography of HCV. HCV integration can be mirrored either as intra-continental or trans-continental. Migration, drug trafficking and HCV co-infection, together with other potential risk factors, have acted as a vehicle for this integration. Evidence shows that the geographic integration of HCV has been important in the global and regional distribution of HCV. 

CONCLUSION
HCV geographic integration is clearly evident and this should be reflected in the prevention and treatment of this ongoing pandemic.
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Core tip: Geographic integration of hepatitis C virus (HCV) is a newly described epidemiological pheno​menon that is illustrated for the first time in this review article. The global burden of HCV infection has sur​passed expectations and HCV genotypes are no longer restricted to certain countries or regions. All countries and their citizens are at a higher risk of HCV infection. HCV integration can be either intra-continental or trans-continental. Globalization, immigration and drug trafficking, in addition to the traditional HCV transmission factors, have acted as vectors for the geographical integration of HCV. International efforts and new strate​gies that go beyond borders should be combined to tackle this global threat.
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INTRODUCTION

Infection with hepatitis C virus (HCV) is a global public health threat that affects millions of individuals world​wide. In recent years, HCV has become one of the most important viruses. The global epidemic of HCV is distributed unevenly, with a high disease burden in low income regions and more than one-third of the estimated worldwide burden in the Western Pacific region. Approximately 32.2 million people have chronic HCV infection in Southeast Asia alone, Sub-Saharan Africa accounts for almost one-fifth of worldwide infections and over six million people are infected in Latin America[1].

Globally, about 27% of cirrhosis cases and 25% of hepatic cellular carcinoma cases are attributable to HCV[2]. Based on death certificate analyses, it has been estimated that there were about 3500 HCV-related deaths in France in 2001 and 15000 in the United States in 2007. In Egypt, there were an estimated 7379 HCV-related deaths in 1999 and the number is expected to more than double by 2020[3]. HCV-infected individuals have a 2.4 times higher risk of all-cause mortality com​pared to the non-infected population, 26.5 times the risk of liver-related mortality, and 1.8 times the risk of non-liver-related mortality[4]. 

Studies have reported an upsurge in the prevalence of HCV infection, particularly in developing countries and in some European regions. Southern provinces in Greece, Italy, France and Spain have reported higher levels of HCV infection (2%-7%) than in the North African nation of Libya[5]. Certain geographical spots in the Netherlands and Germany have a higher rate of HCV infection (7%) than other regions in the same countries[6]. 
The predisposing risk factors and modes of transmis​sion of HCV have evolved in various ways in different parts of the world and this could have major implications for prevention programs[7]. However, many questions concerning the roles of risk factors and lifestyles that might be associated with the spread of HCV in different regions remain unanswered. Like some other important infectious diseases, HCV infection has been correlated with geographical, historical, social, economic and even political factors. Globalization and worldwide integration have added new epidemiological concepts that are clearly reflected in the prevalence of HCV worldwide. Neither HCV genotypes nor risk of exposure can be easily confined to certain regions or countries. Immigration, massive population displacement, unsettled conflicts and drug trafficking have aggravated the status of HCV infection and made it difficult to obtain a clear picture of HCV spread over the world. The objective of this review was to assess the worldwide geographical integration of HCV and its global evolution and to use the assessment to propose strategies to intervene in its spread. 

MATERIALS AND METHODS
This study was conducted in four stages: (1) identifi​cation of the literature on HCV integration; (2) selection of relevant studies; (3) extraction of data; and (4) data sensitivity analysis. This review was designed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement[8].

Search strategy and literature review
Relevant studies were identified by searching PubMed, Scopus, Google Scholar and other databases using the following key terms: HCV, HCV integration, his​tory, geography, epidemiology, phylogeography and evolutionary analysis. Some articles were also found by checking the lists of references in published papers. No language or time restrictions were applied.

Publication selection criteria 

All identified abstracts were reviewed by two co-authors independently (Daw MA and El-Bouzedi AA or Ahmed MO/Agnan MM and Drah AM). They were considered eligible for full-text review if they provided accurate information on the geo-epidemiology of HCV and the distribution of genotypes. Data on evolutionary analyses were also included to estimate the dates of HCV origin and the temporal rates of virus spread from West Africa and China to Europe and North America. 

Data abstraction and quality assessment

The data were independently abstracted by two co-authors (Daw MA with El-Bouzedi AA or Dau AA and Agnan MM or Drah AM). The studies were assessed using standardized data collection forms. The collected data includ​e publication details, type of study and information on HCV transmission, the vectors involved, phylogenetic analysis, historical follow-up and evalua​tion criteria of the spread of HCV. If the evaluation results were controversial, a consensus among the authors was reached.

Data analysis

Data on the spatial spread of HCV was combined with the phylogenetic and epidemiological information to understand the dispersal of the virus worldwide. Further​more, sensitivity analysis was conducted and the con​sistency of the data search results was evaluated. 

Statistical analysis 

A statistical review of the study was performed by a biomedical statistician.

RESULTS 

Literature categorization and analysis of the publications 

The publications were identified primarily by online searches. Unrelated studies were excluded based on the title or the abstract. The search results were categorized according to the historical, geographical, epidemiological and clinical parameters. Each of these fields was analyzed in the context of HCV integration. 

History of HCV integration: Historical estimates have speculated about divergence time, distribution patterns and epidemic behaviors of HCV. Evolutionary analyses of the HCV genome have shed light on its epidemic history and transmission. Studies combining demographics with phylogeographic and molecular clock analyses have demonstrated the global dissemination of HCV[9,10]. The origin and evolution of HCV may date back to centuries ago in ancient China. An et al[11] recently estimated that the common ancestor of Chinese HCV variants (6 g and 6 w subtypes) isolated in Hainan Island dates back to between the sixth and ninth century. The authors speculated that the ancestors of a particular group of Austronesian-descended aborigines might have carried the earliest HCV-6 strains when they sailed to and settled in the Indochina peninsula in Southeast Asia, where HCV-6 is now indigenous.
Viral phylodynamic analysis indicates that HCV was disseminated in Africa before the rise of global travel and modern medicine[12]. It has been estimated that the most recent common ancestor of the CAR HCV-4 strains existed in the sixteenth century[13]. CAR HCV-4 strains spread rapidly and exponentially from 1935 to 1965, at about the same time as in Cameroon and Gabon. There is also epidemiological evidence of a wave of infection in Western countries during 1945-1965[14]. 

It has been suggested that colonization by European countries played a major role in the spread of these HCV genotypes, predominantly to the Americas but also to former colonial territories in Asia and Africa[14]. Global dissemination of HCV-2 seems to have been facilitated by the slave trade across the Atlantic and by colonization. During the intense period of slave trade (1700-1850), HCV-2 was disseminated from what is now Ghana/Benin to the Caribbean. HCV-2 also found its way from the Dutch colonies of Indonesia and Surinam to the Netherlands with the migration of Javanese workers to the Netherlands[14]. 

Epidemiological integration of HCV: The prevalence of HCV varies widely, from as low as 0.1% in certain Scandinavian countries to 23% in some African countries (Figure 1). The prevalence rate is classified as low (< 2.5%), intermediate (2.5%-10%) or high (> 10%). According to this classification, regions of low endemicity include North America, Europe, Australia and the Far East. Intermediate prevalence regions include some Mediterranean countries, the Middle East, Africa and South America. High prevalence countries are Egypt, Cameroon, Burundi, Rwanda, Gabon and Guinea in Africa, Bolivia in South America, and Mongolia in Asia[15]. However, 60% of all infected people are in Asia, particularly in its southern and eastern regions. China used to be considered a relatively high endemic area (average seroprevalence of HCV 3.2% in the general population)[16]. In Taiwan, the prevalence was estimated at 5.5%; it was 2.0%-14.2% in towns on the main island and higher (2.3%-26.4%) on the Penghu islands[17]. The overall prevalence in South Korea and Hong Kong is low (0.6%-1.1%) and is higher among females[18,19]. Japan has one of the highest endemic rates of HCV infection[20]. The prevalence rate of viral hepatitis in Southeast Asia is higher, where over 11 million people are estimated to have HCV. The prevalence of HCV infection among Malaysian adults has been estimated at 2.5%. Similar results have been reported from Indonesia, Cambodia, Thailand and the Philippines. However, it is less than 1% in Laos, Myanmar and Singapore, whereas the highest prevalence (> 6%) has been reported in Vietnam[21]. In India and Afghanistan, HCV prevalence ranged from 0.5%-1.5%. However, in Pakistan, about 6% of the population is suspected of having HCV infection and in some regions the estimated rate reached 31.9%[22-24]. 
In the Persian-Arab regions of West Asia, there are considerable regional differences in the prevalence of HCV. In Iran, the prevalence of anti-HCV antibodies in the general population ranges from 0.2% to 6.25% but the overall average is < 1%, which classifies the country as having a low frequency[25,26]. HCV prevalence was higher in Iraq (2.3%), Jordan (3.5%) and the Gaza strip (2.2%) but moderate in Lebanon (1%) and Syria (1%). There are no national studies on the prevalence HCV in the Arabian Peninsula and Yemen. HCV is considered endemic among the less populated countries, such as Qatar (6.3%), UAE (2.3%), Saudi Arabia (2%), Kuwait (1.8%) and Yemen (2.5%). 

In Africa, > 28 million people have chronic HCV infection and future trends are difficult to predict[27]. Egypt has the highest prevalence in the world, with the prevalence rate estimated at 14.7% among people aged 15 to 59 years[1,28]. HCV has been well studied in the other North African countries, particularly in Libya. These countries are considered areas of low ende​micity, with prevalence rates of 1%-1.5%[1,27]. In a recent study including 38 countries, seroprevalence was highest (after Egypt) in Central African countries, such as Gabon, Cameroon and Angola, and in some West African countries, such as Burkina Faso and Benin. The largest numbers of infected adults were in Nigeria, the Democratic Republic of Congo and Ethiopia[27]. 

In Latin America, it is estimated that 6.8 to 8.9 million adults are infected with HCV, of whom over 4 million are in Mexico and Brazil, which are the only South American countries that have carried out national population-based studies. The overall prevalence of HCV in Latin America is 1.5%; it varies from 0.1%-0.9% in Suriname, Chile, Peru, Venezuela, Panama and some other Latin American countries to 1.0%-3.4% in Brazil, Mexico and Argentina[29]. 

In Scandinavian countries, the spread of HCV infec​tion started in the 1960s and peaked in the 1970s. Nosocomial and sexual transmission were minor routes and the main route was intravenous drug injection. The overall prevalence of HCV was 0.4%-0.6%, with higher rates among intravenous drug users and immigrants[30]. In central European countries, the prevalence of HCV was slightly higher than in the northern region. It varied from 0.6% in England, Luxemburg, Austria and Belgium to 1.5% in certain parts of Germany and Ireland[31]. High prevalence rates of HCV have been found in the southern European countries, particularly the southern regions of Spain, Portugal, Italy and Greece, which have the highest rates in Europe at 2.6%[32,33]. In Turkey, which is the European bridge to the oriental states, reported estimates range from 0.6% to 2.1%[34]. 

The HCV epidemic began later in Eastern European countries, particularly in the Czech Republic, Albania and Croatia. This delay is attributable to geographical barriers, limited immigration from neighboring endemic countries, and a delay in the increase in intravenous drug use[35]. The Czech Republic, Albania, Croatia, Estonia and Hungary are low-endemicity countries for HCV infection, where the prevalence rates range from 0.2% to 1%, but it was 1.4% in Latvia, Poland and Bulgaria. The highest prevalence was reported in Romania (3.3%), followed by Lithuania and Ukraine (2.3%). The Russian Federation and Baltic states have a high prevalence of HCV, ranging from 1.26% in the Republic of Belarus to 4.1% in some Russian states[36]. In the United States, Canada and Australia, the prevalence ranged from 0.61% to 1.8% and the number of people living with HCV is expected to con​tinue to rise[37,38].

However, some studies indicated that there could be high rates of false positive results in HCV serological assays, as has been reported in Africa and China. In studies in Sub-Saharan Africa, such as in Uganda, Nigeria and the Republic of South Africa, the distinct variations in results were attributed to the wide variety of assays in use and to the different sample storage conditions[27,39]. Hence, future studies on HCV should give sufficient attention to testing strategies, sample handling and storage and include these details in the study reports.

Phylogenetic analysis of HCV genomes led to the development of a nomenclature for distinct virus types and subtypes, comprising seven recognized geno​types[1,7]. The genotypes differ at 30%-35% of nucleo​tide sites. The 7 genotypes are sub-classified into 67 subtypes plus 20 provisional subtypes. For strains of the same subtype, nucleotide differences are less than 15%[40,41]. However, while some genotypes are ubiquitous, others are found only in specific regions, where they exhibit a high diversity of subtypes (Figure 2). This distribution pattern and the antigenic and biological differences between the HCV types point to long periods of endemic infection during which there was no significant exchange with types from other regions[42].

Globally, genotype 1 accounts for more HCV infections (46.2%) than any other single genotype. Subtypes 1a and 1b account for 90% of all genotype 1 strains, at a ratio of 1:2 respectively. Over one-third of infections with genotype 1 are in East Asia. The next most common genotype is 3, which accounts for 30.1% of cases and is found mainly in southern Asia and in regions of Scandinavia. Genotypes 2, 4 and 6 are responsible for most of the remaining cases of HCV worldwide (9.1%, 8.3% and 5.4% of cases, respectively)[43]. Genotype 2 is predominant in West Africa, genotype 4 in Central and North Africa, and genotype 6 in Southeast Asia. Genotype 5 is responsible for < 1% of all HCV cases worldwide and is found mainly in South Africa. The more recently identified genotype 7 was isolated from a Congolese immigrant in Canada[40,44].

In China, genotype 1 is predominant (69.6%) and type lb is more prevalent than 2a, whereas genotypes 3b and 6 are seen mainly in the southern provinces[45]. In India, the most prevalent genotypes are 3 and 1 (64% and 28% of HCV infections, respectively); genotype 1b is responsible for 16% of all infections, genotype 4a accounts for the remaining infections and the least prevalent is genotype 5 (< 1%)[46]. In Japan, 70% of infections are due to genotype 1b and 20% are caused by genotype 2a; the remaining infections are caused by genotype 2b. HCV genotype 6 is more geographically restricted than genotypes 1-3. It is found in parts of East Asia (South China, Hong Kong, Taiwan and Macao) and Southeast Asia (Singapore, Vietnam, Thailand, Indonesia and Burma). There is no information on HCV genotypes in the highly populated countries of Bangladesh, Malaysia and North Korea[47].

In most European countries, the most prevalent HCV subtype is 1b, although subtype 1a is more prevalent among patients co-infected with human immuno​deficiency virus (HIV). In North America, parts of South America, United Kingdom, Scandinavia and Australia, 1a is the most prevalent subtype[42]. In Greece, Poland and the Netherlands, subtype 3 is responsible for 30% of all cases, and in Russia and the Baltic States, subtypes 1b and 3a share dominance[48]. It is noteworthy that the first HCV recombinant, RF2k/1b, was initially identified in Russia but since then has also been identified in Ireland, Estonia, Uzbekistan and Cyprus[49]. 

In Africa, genotypes 1, 2 and 4 appear to be endemic in regions of West and Central Africa and in the Middle East-North African region. Genotype 5 is more prevalent in southern and eastern Sub-Saharan Africa. Genotype 4 is the most frequent cause of chronic hepatitis C in the Middle East, North Africa and Sub-Saharan Africa[50]. In Egypt, 90% of all HCV infections are caused by type 4[51]. The emergent genotype 7, which originated from Central Africa, is phylogenetically very similar to genotype 2 variants. The greatest diversity of genotype 2 is observed in West Africa. It has been proposed that HCV genotype 2 originated from West Africa and then spread to the east[40]. Indeed, the finding of a new genotype further indicates the endemic nature of HCV in certain parts of Africa and again shows that HCV infection may have evolved from a common ancestor originating in this region of the world.

Geographic integration of HCV: The integration of HCV is influenced by host population size and density, the spatial distribution of the host, the frequency of contact between individuals, and other epidemiological factors. This is particularly evident in China and in many countries in Southeast Asia, as well as in Western Europe and Australia, possibly due to migration from Africa and/or Asia[45]. Endemic strains that are relatively rare have circulated for a long time in particular regions. Endemic strains of genotypes 1 and 2 are found mainly in West Africa, strains of genotype 3 in southern Asia, strains of genotype 4 in Central Africa and the Middle East, strains of genotypes 5 and 7 in southern Africa, and strains of genotype 6 in Southeast Asia. The global emergence of HCV has been either intra-continental or trans-continental (Figure 3). Nowadays, new strains of HCV have been reported in different regions and continents. They are due to surpass the commonly known strains resident in these places, particularly among high risk groups[52]. This evolving process of integration has played an important role in the spread of HCV and thus there is a need for developing specific strategies to combat the global spread of HCV infection. 
Regional integration of HCV is seen in Africa and Asia. The endemic subtypes of HCV genotypes 1, 2 and 4, which are found mainly in geographically restricted areas of West Africa and Sub-Saharan Africa, are nowadays endemic in other parts of Africa. Egypt has the highest prevalence of HCV in the world (14.7%-32%) and has high rates of morbidity and mortality from chronic liver disease, cirrhosis and hepatocellular carcinoma. It is alarming that > 20% of Egyptian blood donors are seropositive for HCV. The dynamics of HCV in Egypt vary from one region to another. Desert areas have the lowest rates of anti-HCV positivity. The rates are higher in rural regions than in cities, and higher in the Nile Delta than in the Nile Valley[51]. Libya, neighboring Egypt, is considered an area of low endemicity for hepatitis C (1.2% average prevalence)[15]. The prevalence of HCV in Libya reaches its highest (1.6%) in the regions closer to Egypt and Sudan and lowest (0.2%) among other regions in the mid-coastal and western regions, where they resemble or are less than the rates in neighboring Tunisia[5]. The high prevalence rates in some parts of Libya could be due to its proximity to Sub-Saharan countries and the presence of large numbers of African immigrants. In the same way, the Albatnan region of Libya, which has a higher prevalence rate, borders Egypt, from where both legitimate and illegal workers come to Libya[5].

Most cases of HCV in Egypt are of genotype 4a. This strong homogeneity indicates epidemic spread of HCV. On the other hand, different genotypes were isolated from the Libyan population: Genotypes 1, 2, 3 and 4, as well as the newly emerged genotype 5. The prevalence of these genotypes in Libya varies from one region to another and is influenced by demographics and risk factors[53]. The dynamics of integration are applicable in Central Africa and East Africa, notably in Cameroon and Angola which have a high prevalence of HCV comparable to that in the Democratic Republic of Congo[54]. HCV seroprevalence was intermediate in the Horn of Africa: 2.7% in Ethiopia, 2.6% in Somalia and 0.3% in Djibouti[27]. In Southeast Asia, HCV genotype 6 integrated within northern countries, such as Myanmar, Laos and Vietnam, while genotype 3 integrated in Thailand and Malaysia. In the island nations of Singapore, Indonesia and the Philippines, genotype 1 was the most prevalent. Similar integration dynamics have been observed in the Caribbean, India and the Baltic region[55].

The transcontinental integration of HCV is clearly mirrored between African and European countries, particularly around the Mediterranean regions of north African and southern European countries. The relatively high rates of HCV genotype 4 in southern Europe could be attributed to different factors: (1) the historic link between regions in southern Italy and Spain on the one hand and North Africa and the Middle East on the other hand; (2) the employment of multiple-use needles and glass syringes; and (3) the use of blood products that have not been tested for HCV. HCV genotype 4 seems to have recently spread from its endemic reservoir in Africa to southern Europe by immigrants. The prevalence rates of HCV type 4 have been rising in France, Italy, Greece and Spain[56]. In France, the prevalence of genotype 4 increased from 4% in 1990 to > 11% within one decade. In Europe, most patients infected with HCV genotype 4 are intravenous drug users or patients co-infected with HCV and HIV[57]. Recently, genotype 4 was shown to be the second most frequently detected genotype. One study identified genotype 4 in 23% of a large cohort of HIV-positive homosexual men from England, the Netherlands, France, Germany and Australia[58]. 

Another example of trans-continental integration is the existence of multiple types of “migrant clusters” of people who moved from West Africa to other regions of the world. These HCV types include the transfer of HCV-2e and 2f to Indonesia, HCV-2i to Morocco, France, Vietnam and Quebec, HCV-2j to Venezuela, HCV-2k to Martinique and France, HCV-2m to Vietnam, HCV-2r to Haiti and the Dominican Republic, and many unclassified type 2 lineages to Suriname[59]. The fact that genotype 2 is the most prevalent in West Africa, Europe, North America and parts of South America could reflect population dynamics resulting from the trans-Atlantic slave trade in the past and/or immigration, as illustrated by the identification of the new genotype 7 in Canada in an immigrant from Central Africa[40]. Figure 4 illustrates the integration dynamics of HCV genotypes all over the world. These trends clearly mirror the regional and global integration of HCV. Such a profile of interaction is associated with transmission and population dynamics of HCV and thus may reflect differences in when HCV infection occurred, which could influence the time of the peak burden of complications of HCV infection, such as cirrhosis and hepatocellular carcinoma. In view of these trends, regional differences in the prevalence of HCV genotypes and HCV epidemiology might have to be taken into consideration by tailoring prevention and treatment strategies to local needs.

Factors associated with HCV integration: HCV integration is a continuous dynamic phenomenon clearly influenced by population movements, demographic factors, clinical practice and personal behaviors in addition to the genetic entity of HCV. These global integration vectors play an important role in the spread of HCV worldwide. The outcomes of this integration coincide with the epidemiological evidence associated with immigration, trafficking and massive use of iatrogenic procedures and IDU, which escalated as early as the mid-twentieth century. The global prevalence of HCV is determined more by these social, behavioral and demographic factors than by genetic variation of the virus.
In 2013, 231 million people (3.2% of the world’s population) migrated to new host nations. Migrants come mainly from developing countries in the south and migrate to the developed nations in North America and Western Europe. Migrants can be classified as immigrants, migrants and seasonal workers, refugees, asylum seekers, international students and others[60]. These newly emerged populations may suffer from infectious diseases usually more exotic or more pre​valent in their own environment. These individuals come from regions in which HCV is endemic and thus pose a unique challenge to controlling the global prevalence of viral hepatitis[61]. A Canadian study from 2000 to 2007 com​pared immigrants with Canadian-born individuals and demonstrated high rates of HCV infection among immigrants. Compared to Canadian-born patients, immi​grant patients were more likely to be female, non-white, older and to be infected with genotypes 4, 5 or 6[62]. United States studies on refugee populations found that the rates of HCV infection were up to 8% and only 1.8% among nationals[63].

One study estimated that 50% of HCV infections in the Netherlands are among immigrants, in whom the prevalence (2%) was tenfold higher than in the native population (0.2%)[61]. Likewise, the prevalence of chronic HCV in the United Kingdom among South Asians, and especially among migrants from Pakistan, may be as high as 2.7%, which is over fivefold higher than in the general population (0.5%)[64]. In Italy, the prevalence of HCV among Sub-Saharan refugees varied between 2.7% and 7.1%, while in Spain it was 12.5%, considerably higher than in the autochthonous population[65]. A recent study from Switzerland showed that the molecular epidemiology of HCV infection in low prevalence countries such as Switzerland is driven mainly by migration rather than by the distribution of virus genotypes in the native population[66]. 

The predominant HCV genotype in Middle Eastern and African countries is genotype 4. It is noteworthy that the prevalence of this genotype has been increasing in southern Europe, with region-specific increases in particular subtypes: 4a in Greece, 4d in Italy, 4c and 4d in Spain, and 4d in the Netherlands. The prevalence of genotype 4 among high-risk individuals in France increased from 15% of infections in 2003 to 22% in 2012. These changes in the trends of genotypes in these countries corresponds well with the increasing numbers of migrants from Africa[64]. As the foreign-born populations expand, the integration dynamics of HCV will become globally imminent[67]. 

HCV transmission is closely associated with drug trafficking routes worldwide and HCV positivity is found among 15.6-98.7% of injection drug users. About 0.5% of the world’s population injects drugs and of these about 6.8% are infected with HCV. Drug injection is the most common HCV transmission route and the main risk factor for acute and chronic hepatitis C (33.3% and 83.7%, respectively)[68].

The largest populations of people who inject drugs are found in China, Russia, the United States and Brazil, followed by Mexico, Pakistan and Thailand. People who inject drugs have a high seroprevalence of HCV in almost all European countries. This pattern is seen in Austria, Bulgaria, Cyprus, Greece and Romania and the rates are even higher in Latvia, Portugal, Turkey and Cyprus. The prevalence rate is < 30% only in the Czech Republic, Hungary and Slovenia. It is noteworthy that the rates of HCV seroprevalence have declined in Germany, France, the United Kingdom and Italy[69]. In most developing countries, transmission via drug injection is becoming more prevalent and replacing the iatrogenic and habitual transmission methods that have been reported for decades. 

Intravenous drug use has become a predominant factor in the integration and transmission dynamics of HCV. This is clearly mirrored by the variations of the genotypes among these at-risk populations. The most commonly isolated genotypes worldwide from people who inject drugs are genotypes 1a and 3a. HCV subtype 3a is endemic in Southeast Asia and is spreading among intravenous drug users in the United States and Europe. An increase in the prevalence of genotypes 1a and 3a has been observed in Germany, France, Italy and Portugal. Mixed infections have been identified in some European countries: Italy (1b/3a), Germany (2a/3b) and Sweden (1a/1b)[70]. Eastern Europe (Russia and Estonia) and Central Asia have the largest drug epidemics globally, where the rapidly expanding HCV epidemic is associated with the injection of heroin and new synthetic or homemade drugs[71]. The frequency of genotype 3a is also rising in Eastern and Central European countries, as reported in Romania, Bulgaria, Poland and Serbia and Montenegro. It has been reported that people who use drugs in England are more likely to have genotype 3a in comparison to other risk groups, in whom genotype 1a is the most prevalent[71]. Thus, people who use drugs are important contributors to the spread of infections to the general population and drug trafficking is a key vector in the integration and diversification of HCV. This factor is boosted by other risk factors, such poverty, incarceration and HIV co-infection.

Worldwide, HCV and HIV are among the leading causes of death from infectious diseases[71]. Rates of co-infection with HCV and HIV range from 1.2% to 98.5% and co-infections are endemic, particularly in Asia and Africa[72]. In Europe and the United States, about one-fourth of HIV-infected individuals are co-infected with HCV. HCV infection outbreaks have been reported in HIV-positive men who have sex with men in North America, Europe and Asia. HCV co-infection reached up to 26.9% among heterosexuals compared with the HCV infection rate alone, which is reported to be 2.5%[1]. A cross-sectional study conducted between 2008 and 2010 in the Mazandaran province of Iran demonstrated that 33.8% of HIV-positive patients were co-infected with HCV and 25% were co-infected with both HBV and HCV[72]. The co-infection rates among intravenous drug users ranged between 58.2% and 91.6% and among commercial blood donors between 15.8% and 71.6%. These rates are higher than among those who become co-infected via sex (5.3%-20.0%). In Vietnam, between 89.8% and 98.5% of HIV-positive intravenous drug users are infected with HCV[73]. In China, 62.4% of HIV-infected individuals are seropositive for HCV. The co-infection rate is much lower in India (8.3%) and central, southeast and west African regions (4.9% to 8.5%) and much lower in North Africa (1.3%)[74]. 

Although HCV integration is clearly driven by mig​ration, drug trafficking and HIV infection, there are many other additional factors: Health practices, hemodialysis, poverty, imprisonment and HBV/tuber​culosis co-infec​tions. A deeper understanding of HCV epidemiology should take into consideration all these factors. In deve​loping countries, the routes of trans​mission of HCV are also found within medical care, such as the use of unsafe injections or improperly sterilized medical equip​ment, which are responsible for 40% of worldwide HCV infections, as well as the use of blood and blood products that have not been screened properly[1]. The prevalence of HCV infection in patients on mainten​ance hemodialysis reached 63% in the Arabian Peninsula (Kuwait, Saudi Arabia, Qatar and Yemen) and in China it was 41%. Moreover, hemodialysis patients who had blood transfusions were 5.65 times more likely to be infected with HCV than their counterparts who had no transfusions[1]. HCV co-infection among HBV-infected individuals ranged from 3% in Thailand to 22% in Japan, 23% in the United Kingdom and 30% in Spain[75]. HBV/HCV co-infection is more prevalent among the homeless, sexual assault victims and victims of intimate partner violence. Tuberculosis infection is also a major public health issue associated with HCV; it is responsible for more than a third of the opportunistic infections among drug users who are co-infected with HCV and HIV[75].

HCV infection can be acquired during travel for tourism or for medical treatment, particularly if the distant area is to the Indian subcontinent or Africa. Patients traveling abroad in general, and particularly if they are planning to have hemodialysis abroad, should be made aware of the risks and possibility of bringing new HCV genotypes to their homeland. Homosexuality is another prevailing factor for HCV transmission and outbreaks have been increasingly reported among men who have sex with men in Europe, Australia, Asia and the United States[76]. This is also emerging in developing countries, such as in the Arabian Peninsula, where such behavior is stigmatized. The spread of HCV may be influenced by habitual and social vulnerabilities between and within countries, urban and rural settings, and according to the burden of risk groups and economic status. This is clearly seen along the river Nile of Egypt and in China and Southeast Asian islands. Economic crises can influence HCV seroprevalence and the distribution of circulating genotypes. This was shown by outbreaks of HCV/HIV co-infections among intravenous drug users in Athens and Bucharest between 2011 and 2013, as both Greece and Bucharest have the highest unemployment rates among young people.

DISCUSSION 

HCV is widely integrated, resulting in great heterogeneity both in the prevalence of infection and in the distribution of viral genotypes. This imposes a tremendous health burden globally in terms of morbidity and mortality. Hence, effective intervention requires a clear under​standing of the dynamics of viral epidemics. Despite all scientific advances and the mounting knowledge of HCV, it remains “a hidden pandemic”[77]. HCV is considered to be endemic in developing countries, which have inadequate genotype data, and the largest populations of HCV-infected individuals are in Asia (accounting for 3.6% of the global population), followed by Africa (3.2% of the global population) and Latin America (1.4% of the global population)[15]. Most of these regions face many structural, cultural, societal and political obstacles in responding to this epidemic. 

While preventive screening programs should be mandatory, 99 countries do not perform routine screen​ing of blood donors for infectious agents that can be transmitted by transfusion. In other countries, the testing of blood donors for HIV, HBV and HCV is not consistent and attention is given mostly to HIV. Even where testing is done, there is preference for rapid assays with poor quality control and the result is lack of sensitivity. Testing based on nucleic acid is rare in countries with low or middle income due to lack of financial resources and skills. Even in Egypt, only 20% of the blood supply is tested by nucleic acid methods. Health authorities worldwide should give priority to this issue because any efforts to prevent or limit HCV transmission will not be effective unless the safety of blood and blood products is guaranteed. Moreover, most HCV infections are asymptomatic and in the absence of comprehensive, coordinated surveillance systems, the result is fragmented reporting and underestimation of the disease burden[1]. Improved surveillance is important not only for gaining a better understanding of the epidemiology of HCV but is also needed to identify population groups that should be targeted in prevention, testing and treatment programs. 

Public healthcare systems, particularly in developing countries, should simplify service delivery to HCV-infected patients and specifically track progress to guarantee a high quality of services for both prevention and treatment[78]. People who inject drugs should have priority because prevalence estimates of HCV among this group is lacking in most countries. This is especially the case in countries with low or middle income, where data are scanty even for the general population[79]. Effective data collection and accurate reporting at the national level is the key in any program targeting HCV because it enables healthcare providers to implement policies targeting the populations that require the greatest attention. 

Social and educational programs have to be pro​moted, particularly in countries that still ignore and stigmatize certain behaviors leading to HCV infection. All groups prone to HCV and associated co-infections should be included, whether they involve intravenous drug use, heroin sniffing or sexual promiscuity. Disseminating awareness of HCV infection in the general population can be beneficial in two ways. First, people who become aware exert pressure for provision of treatment. Second, promoting appropriate behavior helps to limit the risk of disease progression. Peer support has been pro​posed as one way to overcome these barriers. This is usually accompanied by screening as recommended by key United Nations agencies, such as the World Health Organization, United Nations Office on Drugs and Crime and Joint United Nations Program on HIV/AIDS. The high rates of HIV/HCV/TB co-infection in some settings indicate the need for another approach to increase access to HCV care, namely, to move towards an integrated policy resembling those used for HIV and tuberculosis[1,79]. 

A national action plan accompanied with national guidelines for the treatment of HCV infection should be advocated. Targeted populations should be provided with equal access to medical care, reliable supplies of medications and medical follow-up. Nowadays, it is possible to treat almost every person with HCV regard​less of liver disease stage, viral genotype, past therapies and comorbidities. However, this approach imposes a heavy burden on the health system, parti​cularly in developing countries where it is most needed. Research and operational projects supported by interna​tional funds should be established particularly in low-income countries[80]. 
Sensitivity and bias analysis 

Sequential omission was performed for sensitivity analysis and we consider our data reliable. We observed no publication bias. The main limitation we noticed is the lack of specific data on certain aspects contributing to HCV integration, such as spatial and social factors associated with the global spread of HCV. Hence, further studies are needed to overcome such limitations.

Conclusion

From all that is described and discussed above, we conclude the following: HCV is an integrating dynamic threat and no country can be considered safe enough. Despite awareness of the spread of HCV infections, epidemiological data remain scarce. This study highlights the need for integrated cooperative actions at the local, regional and global levels if the spread and burden of hepatitis C virus are to be contained. Governments, the scientific community, industry and non-governmental organizations should develop a cooperation framework for combating HCV infection. Priority should be directed to help low or middle income countries to gain access to effective screening and medical care for HCV and associated infectious diseases. 
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Background
Hepatitis C virus (HCV) infection is a major public health threat and its geo-epidemiology varies widely worldwide and over time. HCV genotypes and the risk of infection can be easily transmitted to any country and cannot be restricted to certain regions. Therefore, new evaluations of the epidemiology of HCV should be considered. 

Research frontiers 

Geographical integration is an epidemiological phenomenon that highlights the spread of HCV globally. Globalization, immigration and drug trafficking are important driving forces in this integration. 

Innovations and breakthroughs

Worldwide HCV integration is a newly described phenomenon that can be either intra-continental or trans-continental. 

Applications

Geographical integration should be taken into consideration in both prevention and treatment policies for HCV. National and international strategies should be designed on the basis of accurate analysis of HCV epidemiology.

Terminology

Intra-continental (regional) integration: The dynamic spread and dissemination of HCV genotypes within a certain region or continent is clearly evident in Africa and Asia; Trans-continental integration: The dynamic spread of HCV from one continent to another. This is clearly evident in the Mediterranean basin (Africa-Europe), Africa-America.

Peer-review

This is a very well-conceived, lucid, informative mini review that should be shared with the scientific community. The readers will gain valuable insight into the evolution of HCV at the global level.
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Figure 1  Overall prevalence of hepatitis C virus infections and the distribution of different hepatitis C virus genotypes worldwide. HCV: Hepatitis C virus.
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Figure 2  Geographical distributions of endemic pattern diversity of phylogenetic clades of hepatitis C virus (1-7).
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Figure 3  Plausible route of the integration of hepatitis C virus worldwide: The arrows indicate the probable route of spread (regional or transcontinental).
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Figure 4  The integration complexity of hepatitis C virus worldwide: Virus genotypes mirroring the integration are shown in different colors.
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