
SEROPREVALENCE OF HEPATITIS C AND B IN SOUTHERN AFRICA









by
Arlete Mahumane
MD, Catholic University of Mozambique, Mozambique, 2008








Submitted to the Graduate Faculty of
Epidemiology
Graduate School of Public Health in partial fulfillment 
of the requirements for the degree of
Master of Public Health








University of Pittsburgh
2014




ABSTRACTUNIVERSITY OF PITTSBURGH
GRADUATE SCHOOL OF PUBLIC HEALTH




This essay is submitted
by
Arlete Mahumane

on

August 7, 2014
and approved by

Essay Advisor:
Lee Harrison, MD					_________________________________
Professor, Epidemiology and Infectious Diseases
Epidemiology
Graduate School of Public Health
University of Pittsburgh


Essay Reader:
Maria Brooks, PhD					_________________________________
Associate Professor and Vice Chair 
of Education
Epidemiology
Graduate School of Public Health
University of Pittsburgh

Essay Reader:
Deborah McMahon, MD				_________________________________
Professor of Medicine
Infectious Diseases
School of Medicine
University of Pittsburgh

Copyright © by Arlete Mahumane
2014
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SEROPREVALENCE OF HEPATITIS C AND B IN SOUTHERN AFRICA
Arlete Mahumane, MPH
University of Pittsburgh, 2014



Background: More than 130 million people are chronically infected with hepatitis C virus (HCV) worldwide. After infection, the virus chronically infects 55-85% of infected individuals; only 15-45% are able to clear out the virus within 6 months. The prevalence of HCV in Southern Africa is not well established. The World Health Organization (WHO) estimates a combined HCV seroprevalence of 2.0-2.5% for Southern and East Africa. My objective is to characterize the prevalence of HCV and HBV in Southern African, by performing a literature review. A section on Human immunodeficiency virus (HIV) co-infection was included in the review. HCV and HBV have public health importance since they share the same route of transmission as HIV. 
Results: The prevalence of HCV in Southern Africa varies according to region with a range of 0.8-6.8%, and HBV prevalence is similar in all countries, with prevalence above 8%. Most studies reported higher prevalence of HCV among HIV-infected individual, as compared to non HIV-infected individuals. The transmission of HCV is Southern African countries occur mainly through unsafe therapeutic injections and unscreened blood transfusion.

Conclusions: The HCV prevalence in Southern Africa is low. More rigorous population based studies are needed to more accurately assess prevalence of HCV and HBV in Southern Africa. 
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[bookmark: _Toc106513527][bookmark: _Toc106717785][bookmark: _Toc394665900][bookmark: _Toc427166380]Introduction
The hepatitis C virus (HCV) was discovered in 1989 by Kubo et al.(1, 2). In 2005, the World Health Organization (WHO) estimated that 120 million people were chronically infected with HCV worldwide. New estimates from 2014 indicate an increase in the number of people with chronic HCV to around 130-180 million. It is estimated that 300,000 to 500,000 people die each year from co-morbidities associated with HCV, while another 3-4 million people are infected every year worldwide (3-5). HCV it is often seen as a “silent” disease due to lack of symptoms at the time of infection and because the majority of people who are infected by the virus do not know their HCV status. About 60 - 70% of chronic hepatitis in the US is due to HCV (3). HCV chronicity leads to cirrhosis, liver failure and hepatocellular carcinoma (HCC) (6, 7). 
[bookmark: _Toc394665901][bookmark: _Toc427166381]PUBLIC HEALTH IMPORTANCE
Prevalence of HCV in southern Africa has not been well studied. My goal question is to determine the prevalence of HCV and hepatitis B virus (HBV) in the Southern Africa. Knowledge of the prevalence of HCV and HBV is a very important step to achieve the long term goals of effective treatment programs, by alerting government policy makers to the scope and magnitude of the epidemic. With the increased availability of human immunodeficiency virus (HIV) drugs in all the Southern African countries (Figure 1: Southern Africa map), people are living longer enough to be diagnosed with pathologies related to chronic infection of HCV and HBV, which will contributes to higher burden for health personnel and may require budgetary planning. HCV and HBV have public health importance since they share the same route of transmission as HIV. HCV and HCB are not included in the screening program in Southern African countries, which compromises the safety of the blood supply.
In this paper, I review the prevalence of HCV and HBV in Southern Africa, and how it varies according to the country’s region. A portion of this review includes the comorbidity with HIV. The review will have 2 components: 1) sections about the Epidemiology of HCV and 2) Report on Southern Africa HCV and HBV prevalence.
This review will focus on HCV epidemiology, rather than HBV, since the ultimate goal would be to assess the possibility of HCV treatment in the region. The sections will be: 1) natural history of hepatitis 2) HCV discovery and geographic distribution (Table 1 and 2), 3) global prevalence 4) HCV risk factors, 5) diagnosis, treatment (Table 3), and treatment limitations.
A table of reported HCV or HBV prevalence by country is provided at the end of chapter 3 (table 4).

[bookmark: _Toc394665902][bookmark: _Toc427166382]EPIDEMIOLOGY OF HEPATITIS C virus
Hepatitis has been observed in human populations throughout history, even before the pathology of the disease was known (8, 9). One example describing the existence of the disease during the 19th century was an epidemic of hepatitis that occurred among U.S. Army personnel. The disease was known as “campaign disease” since it affected mostly soldiers during the America Civil War and World Wars (1). In 1942 there was an outbreak of hepatitis, due to a yellow fever vaccine stabilized by contaminated serum and thousands army personnel were affected (10). A case control study conducted in 1985 recognized that hepatitis B virus (HBV) was transmitted through contaminated human serum and affected 30,000 people.
Blumberg was credited for making the first attempt to classify HCV, by creating a system that categorized viral hepatitis into non-A and non-B hepatitis. Prior to that time, hepatitis was classified as infectious hepatitis (hepatitis A) and serum hepatitis (hepatitis B). This form of classification assumed that there were only 2 types of hepatitis and by default all viral hepatitis that was not verified as hepatitis B were classified as hepatitis A. Therefore, the new non-B classification suggested  that another type of hepatitis existed, which was strongly supported by a form of hepatitis affecting drug users and also affecting patients who had received blood transfusion but did not have evidence of exposure to hepatitis B (8, 9). 

Blumberg’s classification was based on the presence of his newly discovered hepatitis surface antigen in 1965, known as the Australian antigen (HBsAg). Patients with HBsAg were considered to have HBV virus and those who did not have evidence of HBsAg as non-B patients [4]. The availability of screening tests for HBV reduced HBV infection related to blood transfusion, and almost 90% of the blood related infections were due to the non-B hepatitis virus (8). By the 1970’s, the assay for hepatitis A antigen and antibodies was discovered by Feinstone, using serum termed MS1 [initials of a sample of an infected child with hepatitis A virus (HAV)] sample. The MS1 samples come from controversial, unethical studies conducted by Krugman and associates at Willowbrooke State School of Medicine, where they infected newly admitted mentally handicapped children with both HBV and HAV. Their purpose was to understand the natural history of hepatitis and be able to establish the existence of the two types of hepatitis, HAV and HBV.  Later, the Blumberg classification was modified into hepatitis type A, type B and type non-A non-B hepatitis (NANBH), based on the presence of antigens and antibodies against hepatitis A and B (8, 9).
There were many important observations made during the identification process of the etiologic agent of NANBH. First, NANBH was more frequent among commercially used blood, compared to the blood from volunteers, where it was observed in 6 cases/1000 units of blood. Second, NANBH had a long incubation period of 7- 8 weeks. Third, the infection was believed to not be transmissible person to person, by close contact. Fourth, transmission occurred through parenteral exposure to blood or IV drug use. Fifth, it was common in low socioeconomic status and endemic in some populations worldwide. All of these observations suggested that the epidemiology of NANBH was more similar to HBV than to HAV (8).

[bookmark: _Toc394665903][bookmark: _Toc427166383] HCV DISCOVERY 
Hepatitis C complementary DNA (cDNA) was first isolated in 1989 by Houghton and associates, in the serum of infected chimpanzee. They used this cDNA to screen for the presence of the virus in the serum of a patient known to have non-A, non-B hepatitis (NANBH). The individual sample reacted to the presence of one of the HCV antigen 5-1-1, which later gave way to the discovery of new assay for HCV. By 1990, the entire HCV genome was sequenced at National Institutes of Health (NIH) (1, 2, 11).
HCV is an RNA positive single strand particle, with 90,000 nucleotides and only one open reading frame (ORF). The virus is part of the Flaviviradae family, genus Hepacivirus. The virus replicates in the hepatocytes of infected individuals. The ORF translates a long polypeptide, which originates three structural proteins (one nucleocapside and two envelope glycoproteins) and six nonstructural serine proteins (NS2, NS3, NS4A, NS4B, NS5A and NS5B) for viral replication and maturation (9, 11, 12). 
[bookmark: _Toc394665904][bookmark: _Toc427166384]GEOGRAPHIC DISTRIBUTION OF HCV GENOTYPES
HCV is classified in 7 major types, based on phylogenetic analysis of the core/E1 or NS5B proteins circulating in the world (13, 14). The map below illustrates how these genotypes are distributed around the world (Figure 1) (15). There are limited data available on Southern Africa genotype distribution. Four studies from Southern African countries had similar genotype distribution (Table 1). First, Cunha et al., the only study in Mozambique found genotypes 1a (5/18, 28%), 1b (4/18, 22%), 3a (4/18, 22%) and 5a (5/18, 28%), as the most frequently detected (6). Second, in a study in South Africa, the most frequent genotypes were 5a (51/130, 39%), 1 (43/130, 33%), 2 (18/130, 14%), 3a (10/130, 8%) and 4 (3/130, 2%). Third, another study in South Africa, found genotypes 5a (28/52, 54%), 1 (10/52, 19%), 4 (10/52, 19%) and 3 (1/52, 2%) as the most common. Fourth, a study in Namibia isolated genotypes 5 (1/18, 6%) and 1a (1/18, 6%), similar to neighboring countries, such as Mozambique and South Africa (6, 15-19).
[bookmark: _Toc427166204]Table 1: Genotype distribution by country
	
	
	
	HCV
	Genotypes
	
	

	
Country
	
     1a
	
1b
	
2
	
3a
	
4
	
5a

	Mozambique
	5
	4
	n/a
	4
	n/a
	5

	South Africa
	43
	n/a
	18
	10
	3
	51

	South Africa
	10
	n/a
	n/a
	1
	10
	28

	Namibia
	1
	n/a
	n/a
	n/a
	n/a
	1

	Total
	59
	4
	18
	15
	13
	85





[image: Description: http://www.intechopen.com/source/html/44871/media/image9.png]Source:www.intechopen.com/books/practical-management-of-chronic-viral-hepatitis/genomic- heterogeneity-of--hepatitis-viruses-a-e-role-in-clinical-implications-and-treatment


[bookmark: _Toc268523158][bookmark: _Toc269062178]Figure 1: Geographic distribution of HCV








0. [bookmark: _Toc394665905][bookmark: _Toc427166385]GLOBAL SEROPREVALENCE OF HCV
The global seroprevalence of HCV varies widely around the world. Asia has a very high prevalence, above 3%, of HCV (Central Asia - 3.8%, East Asia - 3.7% and South Asia - 3.4%).  Another region with high HCV prevalence is North Africa and the Middle East, with a prevalence of 3.6%. The prevalence is 2.4% in the Central and Western regions of Europe and the prevalence is 2.9% in Eastern region of Europe. North America and Latin America have the lowest prevalence of between 1.0 - 2.0%. Sub-Saharan Africa has a prevalence of between 2.0 - 2.8%.  Included this group, Southern Africa has a prevalence of 2.1% (4, 5). Egypt has an HCV prevalence of 22%, which is the highest in the world. This high prevalence is attributed to an unsafe procedures during a 1960 -1970 campaign to treat schistosomiasis using parenteral drugs (4, 20).
	






		
[bookmark: _Toc394665906][bookmark: _Toc427166386]HCV RISK FACTORS AND COMPLICATIONS
The most common risk factors for HCV infections are: 1) injection drug abuse, 2) Unsafe blood transfusion and unsafe therapeutic injection, 3) vertical transmission, 4) higher lifetime number of sexual partners, 5) Others. 
1) Injection drug abuse: it is estimated that 60-80% of HCV infections in developed countries are due to injection drug use, therefore drug use is considered to be a major source of HCV acquisition (4, 5). 
2) Unsafe blood transfusion and unsafe therapeutic injection: Health care-associated HCV infection is a major concern in all countries, but particularly in low and middle-income countries (LMICs), where blood is not screened for HCV due to lack of resources. The risk for infection with HCV, depends on the number of injections/person/ year (4, 5).
3) Vertical transmission: The risk of HCV vertical transmission from mother to child during delivery will also depends on maternal HIV status; 4-8%, in HIV- negative, as compared to 17-25% in HIV-infected (4).	
4) Higher lifetime number of sexual partners: Sexual transmission of HCV is less efficient than HIV, although it can occur in case of unprotected sex in presence of higher HCV viral load [9,12].
5) Others risk factors to be taken into account are piercing, tattoo, scarification, dialysis and exposure to intranasal drugs (4, 5).
The consequences of HCV infection can be acute or chronic. The acute phase occurs after infection in symptomatic patients. The signs and symptoms are usually mild to moderate, and only in rare occasions do patients develop fulminant Hepatitis. When the chronic phase occurs the HCV infected individuals may develop fibrosis, cirrhosis, decompensated liver disease and cancer. About 15-30% of infected individuals progress to develop sequelae of chronic infection (4, 5, 7, 9).
[bookmark: _Toc394665907][bookmark: _Toc427166387]HEPATITIS C DIAGNOSIS AND TREATMENT 
The first step in HCV diagnosis is to assess the presence of antibodies against the virus [(anti- HCV immunoglobulin G (IgG)]. Anti-HCV IgG can be detected in the serum 8-9 weeks after infection, while the HCV RNA can be detected 1-3 weeks after infection.  
Serologic tests available for detection of anti-HCV IgG are rapid test and laboratory-based assays:  enzyme immunoassays (EIA). OraQuick is a rapid test recently approved by FDA for detection of HCV in finger stick or venipuncture. A key advantages of this test is that it can provides the result in 20-40 minutes and thus can be used in Emergency room or physicians’ offices (12, 21, 22). 
Among patients who have anti-HCV antibodies, the presence of chronic infection is determined by the presence of positive HCV RNA in the serum of the infected individual using a nucleic acid test (NAT) (4). 
The main goal of the treatment is cure or to maintain a sustained virologic response (SVR), defined as undetectable level of serum RNA at 6 months after the treatment is initiated/completed (??); detectable HCV RNA at this time point is considered to be treatment failure (19, 23). 
The standard treatment used to be peginterferon plus ribavirin. Unfortunately 45-60% of patients with genotype 1and 4, treated with this regimen did not achieve SVR (3, 8, 9).  Major issues with the referred treatment include: a) complicated regimen and with lack of efficacy in a substantial proportion of treated patients, b) major side effects such as hemolysis and anemia, weakness, and c) requirement for long term follow up and monitoring (3, 4, 9, 23).
HCV treatment guidelines approved in 2011 incorporate NS3/4A protease inhibitors (telapavir or boceprevir), both in combinations with peginterferon and ribavirin for 48 weeks, especially for genotype 1, with possible adjustment to 24-28 weeks depending on patient’s baseline characteristics or the response in the first 4 weeks of the treatment (Table 2). The new protease inhibitors added to the treatment have the advantage of improving the sustained virologic response (SVR) in all patients (naive and experienced patients) independent of their genotype, though they also increased the rate of the side effects (23).  
In QUEST 1, a randomized double blinded multi-center study, simprevir (protease inhibitor) was effective for all genotypes regardless the CC IL28B genotype. The SVR at 12 weeks (SVR12) was 80% in patients taking simprevir, as compared to 50% in in control group (placebo plus ribavirin plus peginterferon). Simeprevir was taken as one single pill a day for 12 weeks associated with weekly peginterferon plus daily ribavirin, followed by only peginterferon plus ribavirin for 12 more weeks. This new schedule had the advantage of reducing the side effects and also the time patients are exposed to the drugs (3). 
The trends in the development of new drugs against hepatitis C have a common approach, which is to develop drugs that are effective and with shorter duration period as well as a single dose pill. A good example of such drugs is the nucleotide analogue polymerase inhibitor sofosbuvir, which acts selectively to inhibit HCV replication by interfering with NS5B polymerase (3, 23). In the ATOMIC study, a randomized multicenter clinical trial, the investigators did not find any difference in terms of effectiveness of a 12 weeks duration treatment compared to 24 weeks, since both groups achieved SVR at 24 weeks, in patients with genotypes 1, 4 and 6 (23). 
Reduction of viral load is important because it represents absence of viral replication, which is a major achievement since the goal is to have less liver injury. It has been reported that, in the absence of HCV, fibrosis may reverse (19). 
Risk factors for lower response rate include black race, viral load higher than 800,000 U/I, obesity, and genotype 1 and 4. Low viral load, absence of cirrhosis and younger age, and absence of IL28B mutation are considered predictors for good response t treatment, though it also depends on the genotype of the virus [(3, 19).
[bookmark: _Toc427166205]Table 2: HCV treatment by genotype
	HCV treatment 
	IFN
	Naïve patient
	Experienced patient 
	Naïve With cirrhosis 
	Experienced  with cirrhosis 

	

	Eligible
	12 weeks
 SOF + PEG/RVB
	12 weeks 
SOF +PEG/RBV
	12 weeks
 SOF +PEG/RVB
	12 weeks SOF + PEG/RBV

	Genotype
1
	Ineligible
	24 weeks 
SOF + RVB
	12 weeks 
SOF +SIM+RBV
	12 weeks 
SMV+ SMV+RBV
	12 weeks 
SOF + SMV +RBV

	

Genotype
	Eligible
	12 weeks 
SOF 
+RVB
	12-16 weeks 
SOF + PEG/RBV
	12 weeks 
SOF+RVB
	12 weeks 
SOF+ PEG/RBV

	2
	Ineligible
	12 weeks 
SOF+RVB
	12-16 weeks 
SOF+RVB
	12 weeks 
SOF +RVB
	12-16 weeks 
SOF+RVB

	
Genotype 
	Eligible
	24 weeks 
SOF + RVB
	24 weeks 
SOF +RVB
	24 weeks 
SOF +RVB
	12 weeks 
SOF + PEG/RBV

	3
	Ineligible
	24 weeks 
SOF + RVB
	24 weeks 
SOF + RVB
	24 weeks 
SOF+ RVB
	24 weeks 
SOF  /RVB

	
Genotype 
	Eligible
	12 weeks 
SOF+PEG/RVB
	24 weeks 
SOF  +RVB
	12 weeks 
SOF +PEG/RVB
	12 weeks 
SOF  +PEG/RVB

	4
	Ineligible
	24 weeks 
SOF + RVB
	
	
	

	
Genotype  5 and 6
	
	12 weeks 
SOF+PEG/RVB
	12 weeks 
SOF + PEG/RBV
	
	12 weeks 
SOF+PEG/RVB

	
	Alterna-tive
	48 weeks 
PEG/RVB
	
	
	


Treatment of HCV in patients infected with HCV or co-infected with HIV (24-26).Table 2 Continued

Abbreviations:			
INF=interferon SOF= Sofosbuvir, SMV=Simprevir, RBV=ribavirin, PEG = pegylated 
Pink color: Not FDA approved regimen
[bookmark: _Toc394665908][bookmark: _Toc427166388]HCV TREATMENT AND IMPLEMENTATION LIMITATIONS
Treatment limitations:
Several major treatments limitations are related with the drugs chosen for treatment of HCV. The use of ribavirin and peginterferon commonly result in side effects such as headache, anemia, weakness and hemolysis (3, 9, 23).  Protease inhibitors limitations include a low barrier to development of resistance, high pill burden, rash, anemia and interactions with other drugs (3, 23).

Implementation limitations:
Major implementation limitations also exist for HCV treatment.  Most importantly, the extremely expensive price of the available drugs limits the access, particularly to those in low and middle-income countries (LMICs) (4).  Moreover, the availability of well-equipped laboratories and trained personnel, as well as the multiple follow up visits for patients who initiate therapy are limited. Regular follow up is very important in order to detect early signs of side effects as quickly as possible.  Most LMICs cannot afford to buy the necessary equipment and test kits, which poses an obstacle to screening for the disease(4)

Treatment successes:
Advance in medical research and science has given hope to the millions of patients around the world who are infected with HCV. The discovery of new drugs such as protease inhibitors requiring a shorter duration of treatment 12 to 24 weeks and no follow up have been viewed as a major success in the fight against HCV (3, 23, 27).  Another advantage of this treatment is that it does not require determination of HCV genotype, which was also an obstacle of access to treatment for people (23, 27).
1. [bookmark: _Toc394665909][bookmark: _Toc427166389]HEPATITIS C AND B SEROPREVALENCE IN SOUTHERN AFRICA
[bookmark: _Toc427166390]Southern Africa countries and population
The Southern African region is located in sub-Saharan Africa. There are 11 countries in Southern Africa, with 7/11 (67%) classified as low–income countries (28) (Figure 2 and Table 3). The region has an economic division, the Southern African Development Community (SADC). The SADC main goals are to enhance cooperation between the country members, thus achieve economic growth and promote regional integration (29). In this economic division Tanzania, (an East African) country is included as a member of the organization (29). Tanzania is included In this review especially due to its proximity with Mozambique.
[image: http://webs.wofford.edu/davisgr/i2010/southafricamap.jpg]Source:  http://webs.woffard.edu/davisgr/i2010/

[bookmark: _Toc268523159][bookmark: _Toc269062179]Figure 2:  Southern African map(30)
[bookmark: _Toc427166206]Table 3: Southern African countries by Income
	
	
Country
	Population
(2013)
In millions
	
Official language
	Life expectancy
(2012)
	
Income
	
Independency year

	
1
	
Angola
	
21.47
	
Portuguese
	
51
	Upper middle income
	1975

	
2
	
Botswana
	
2.021
	
English
	
47
	Upper middle income
	1966

	
3
	
Lesotho
	
2.074
	
English
	
49
	Lower middle income
	1966

	
4
	
Malawi
	
16.36
	
English
	
55
	
Low income
	1964

	
5
	
Madagascar
	
22.92
	
French
	
64
	
Low income
	1960

	
6
	
Mozambique
	
25.83
	
Portuguese
	
50
	
Low income
	
1975

	
7
	
Namibia
	
2.303
	
English
	
64
	Upper middle income
	
1990

	
8
	
South Africa
	
52.98
	
English
	
56
	Upper middle income
	
1961

	
9
	
Swaziland
	
1.250
	
English
	
49
	Lower middle income
	
1968

	
10
	
Zambia
	
14.54
	
English
	
57
	Low middle income
	
1964

	
11
	
Zimbabwe
	
14.15
	
English
	
58
	
Low income
	
1980

	
12
	
Tanzania*
	
49.25
	
English
	
61
	
Low income
	
1961


Southern African countries organized in alphabetic order (28, 29).
*East African country
The prevalence of HCV and HBV is unknown in the majority of the Southern Africa countries. The reported HCV and HBV prevalence has been collected in through blood banks and HIV cohorts, the data are very limited if not almost inexistent in some countries. For some countries such as Angola, no published data are available. Blood banks in Southern African health facilities stock blood through two forms of blood donors, voluntary and replacement. The problem with volunteers donors is the lack of population representativeness, since they are considered safe individuals for blood donation and therefore at lower risk for infection with bloodborne pathogen. Replacement donors are random people who have a family member who received blood transfusion and they are required to donate blood to replace the used blood. Therefore replacement donors provided less biased estimates of disease prevalence since they have the same risk of infection as the general population(6) . 
The available data are not nationally representative of each country but rather a regional estimate; this is illustrated by differences in HCV seroprevalence estimates in the same country (7). It is important to evaluate the seroprevalence of HCV now, given the availability of new drugs for treatment. One review reported HCV prevalence of 1.6% in the Southern Africa, which is considered low (7). 
The following studies reported HCV or HBV seroprevalence and they are organized by country in alphabetical order (Table 4). Data for Malawi, South Africa and Tanzania are relatively more abundant, than other countries in the region.  Five studies from Malawi presented similar HCV rate, with high prevalence of anti-HCV and lower rates of HCV RNA, consistent with other studies in same region.


Malawi:
A study in a population of blood donors, with sample size of 159, detected an HCV seroprevalence of 6.8% (10/148) with only 0.7 % (1/148) HCV RNA positive and an HBsAg seroprevalence of 8.1% (13/159); HBeAg was not done to exclude acute cases of the disease. The study was designed to assess the prevalence of HCV and HBV among blood donors(32).    

Mozambique:
Data for Mozambique were reported in a blood bank study with a large sample size of 2887 blood donors. Of the total sample, 1578 were replacement blood donors and the remaining voluntary blood donors. In the study, 80% of participants were males. The aim of the study was to assess bloodborne pathogens in replacement blood donors. The anti-HCV seroprevalence in the replacement blood donors was 1.5 % (23/1578), with higher prevalence among men, consistent with studies done in South Africa along the border with Mozambique. The study reported an HBsAg of 9.3% (143/1578) among replacement blood donors (6, 37).

Namibia:
A study from Namibian’s first time blood donors recruited from schools and universities had a large sample size of 1941, of which 1125 (58%) were females.  The objective of the study was to obtain data on burden of HCV in the country. The overall HCV seroprevalence was 18/1941 (0.9%), with a CI (0.5-1.5), higher in males (1.6%) than in females (0.4%), though not statistical significant p-value 0.578. In the same study population, the HBsAg prevalence was 11.1% (192/1733) (18).

South Africa:
First: Blood samples were collected in sentinel clinics in Kwazulu Natal, and then used during a survey by a central laboratory. Kwazulu Natal is an area with one of the highest rate of HIV in the world. The objective of this study was to assess clinical and virologic characterization of HBV in HIV patients. With a sample size of 1937; the survey reported an HCV prevalence of 6.2% (124/1937) C.I (5.3-7.5), test used serologic EIA (AxSYM HCV 3.0) and an HIV prevalence of 40.2% (778/1937), C.I (38.8-42.4%). The HCV co-infection was higher among HIV individuals 13.4% (104/778), C.I (11.0-15.8%), compared to 1.7% (20/1159) C.I (5.3-7.5%) in non-infected individuals, it was statistical significant with a p-value <0.001 and an reported an HBsAg prevalence of 16.5% using an Elisa test (Cobbas). (37). 

Tanzania:
First:	A study from naive blood donors in northeast of Tanzania, with a sample size of 516 a mean age of 25 years, found HCV ( anti-HCV) seroprevalence of 1.2% (6/516), 95% C.I (0.4-2.5), the objective of the study was to assess the estimated seroprevalence of HCV in a population-based cross-sectional study (38). 
Second: In a major hospital in Tanzania’s capital, a sample size of 1599 was included in a cross-survey study of blood donors (replacement and voluntary). The age varied between 16-69; 70% were replacement donors and 89% males. Voluntary donors in lower income countries tend to be healthier and low risk, as compared to general population. The high percentage of replacement donors was a positive factor (39). The study reported an HCV seroprevalence of 1.5 %, though a RNA test was not done to determine the level of chronic infection. HCV prevalence was higher in replacement donors 1.8%, as compared to voluntary donors 0.8%, which was not statistically significant. The study also reported lower HBsAg rate of 0.8% and lower HIV prevalence of 3.2%. An interesting finding was the higher prevalence of HCV among HIV-negative individuals (1.6%) as compared to HIV-positive individuals (0%), though the statistical power of the study was limited (39). 
Third:	A study of women on contraceptive care program through IV, showed a high level of HCV seroprevalence of 19%. It was hypothesized that probable unsafe medical procedures during the treatment led to the high seroprevalence (7). 

Zambia:
In a multicenter study, involving 6 African countries, the HCV seroprevalence (anti-HCV) in Zambian population was 1.5% (6/393), HBsAg prevalence was 5.9% (41/393). The objective of the study was to assess volunteers’ health status for future clinical trials in HIV vaccine (40).
[bookmark: _Toc394665910][bookmark: _Toc427166391]Hepatitis C and B in the Presence of HIV co-infection 
The risk of infection with HCV after a needle stick is 10-fold higher than the risk of HIV. In the United States, the HIV and HCV co-infection rate is very high among drug users were the HCV can reach 70-90%, while the rate in man who have sex with men (MSM) is low, around 7%, though higher than people without HIV (5, 19). The effects of HCV on the natural history of HIV have not being well understood until now.
Greube et al., found that HCV was associated with an increase in the probability of progression of HIV to acquired immune deficiency syndrome (AIDS) defining disease. Those with HCV progress more quickly to AIDS, than these without HCV.  This probability was higher among HCV active drug users 15%, as compared to 9.7% of HCV non-active drug users and 6% of non-HCV patients (41). In HIV-infected individuals the HCV replication is increased due the decreased immune response (42).
Below I describe studies reporting HCV or HBV seroprevalence in presence of HIV infection.

Botswana:
First: In a study among HIV infected individuals, with a sample size of 84, an HBsAg prevalence 4.4% was reported, with a 95 % C.I of (1.1 -11%) in an international multi-center study (31).
Second: A study in a HIV clinic in Gaborone, Botswana, Patel et al., reported an anti - HCV prevalence of 0.8% (2/252) and an HBsAg of 5.3 % (14/266) among HAART-naive patients. The study had a low HCV co-infection and HBsAg prevalence consistent with regional variations, observed in others countries. The aim of the study was to assess the prevalence of HCV/HBV in HIV co-infected adult patients (43).

Malawi:
First: The study aim was to assess prevalence of HCV in pregnant woman. The Breastfeeding, Antiretrovirals and Nutrition (BAN) study (2012), in HIV positive pregnant women with a mean age of 25 years, indicated high prevalence of HCV: 5.3% (110/2040), but a lower percentage were confirmed with another test RIBA 0.1% (2/2040), confidence interval (C.I) of 0-0.4%. (33). 
Second: The Safe Milk for African Children (SMAC) study enrolled HIV positive women during pregnancy and had 2 years follow after delivery. The study aim was to assess prevalence of HBV and HCV among pregnant women and evaluate their impact on liver toxicity, virologic and immunologic response. The sample size in the study was 309, with an HCV prevalence of 2.6% (8/309), HCV-RNA of 0.3% (1/309) and an HBsAg prevalence of 8.7% (27/309) (34). 
Third: A cohort of 300 adult participants aged >16, mean age was 36.4, with 61% female. The study detected an HCV seroprevalence of 5.7% (17/300), which is considered high and HBsAg 6.37% (20/300). The aim of the study, was to investigate the impact of HBV and HVC on HAART. The study did not provide information on HCV RNA prevalence, since it was not tested (35). 
Fourth: In the most recent publication of BAN study (2014), 2048 pregnant women were enrolled for the study; the median age was 25 years. The objective of the study was to assess prevalence of HBV in naïve pregnant women and on their infants. The prevalence of HBsAg was 5 % (103/2048) [95% C.I (4.2-6.1%)], from whom 68% (70/103) HBV DNA+, indicating higher HBV DNA-positive prevalence among this group.  HBeAg was detected in 38.2% (39/103). The HBsAg prevalence was lower than anterior report in 2012 (36).  

South Africa:
First: A study in South Africa among HIV naive HAART participants aged>15 years in rural area had an HCV seroprevalence of 0.8% (2/242) and extremely low HBsAg prevalence of 0.4% (1/242), which contradicts, the HBsAg prevalence reported by other studies in the same country (31, 37, 44, 45). 
Second: A study in the urban Soweto - South Africa, enrolled a sample of 981 HIV positive HAART naive individuals aged >18, before HAART Era in that country. The objective of the study was to investigate prevalence of HCV and HBV in a region with HIV co-infection Their mean age was 29 years old IQR (25-37), HCV seroprevalence of 0.1% (1/981) and HBsAg was detected in 4.2% (41/981); 95% C.I: 2.9–5.4% (44). 
Third:	 Another study in a HIV Clinic in South Africa, comparing the HBsAg in two group of patients categorized as low HBV DNA (< 10.000 copies/ul) or high HBV DNA (>10.000 copies/ul), the HBsAg prevalence was 11% (60/537) and 9% (46/537), respectively. Their objective was to investigate the impact of HVB/HIV co-infection on HAART virologic response (46). 

Tanzania:
In Tanzania, the Kilombero and Ulanga antiretroviral cohort (KIULARCO) study, assessed the prevalence of HCV and quality of HBsAg in HIV HAART naïve participants. The study objective was to determine the prevalence of HBV and HC, and also determine diagnostic test accuracy.  The sample size was 272, with a median age of 38 years, IQR (32-47) years and 63% females. The study reported a high seroprevalence of HCV of 3.7 % (10/272), 95% CI (2.0-6.4) among HIV- positive patients and an HBsAg prevalence of 9.2% (25/272), 95 % C.I (6.2-13%), from which 28% were HBeAg positive. The results support the idea of high prevalence of HCV co-infection among HIV patients, as compared to non HIV-infected individuals in Southern Africa (47). 


Zambia:
A cross-sectional study in Zambia, in a group of HIV positive patients’ naive to HAART, was conducted between December 2007 and June 2008. The objective of the study was to obtain epidemiologic data on HIV and HCV/ HBV co-infection. The median age was 37 years, with an HCV seroprevalence of 1.2% (4/323), 95% C.I (0.03-2.4%), and an HBsAg of 9.9% (32/323), 95% C.I (6.7-13.2%). Their results did not differ from those observed in other countries in Southern Africa (48). 

Zimbabwe:
Though data from Zimbabwe are more than limited, a study among HIV infected individual, with a sample size of 203, the HBsAg prevalence reported was 11% with a 95 % C.I of (6.9 -15%) in an international multicenter study (31).
The data on HCV and HBV seroprevalence is summarized in the table below.
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	Author
	Country
	Sample size
	Type of study
	Study year
	HCV Prevalence (%)
	HBsAg Prevalence (%)
	Setting

	1.
	Patel et al.
	Botwsana
	308
	Retrospective
	2009
	0.8
(2/252)
	5.3
(14/266)
	HIV clinic, HAART naive

	2.
	Thio et al.
	Botwsana
	84
	Clinical trial
	* 2014
	n/a
	4.4
	HIV clinic, HAART naive

	3.
	Candotti et al.
	Malawi
	159
	Cross sectional
	*2001
	6.8 (10/148)
0.7(1/148)
	8.1% (13/159),
	Blood bank

	4.
	Andreotti et al.
	Malawi
	309
	cohort
	2009
	2.6 (8/309)
0.3 (1/309)
	8.3
(27/309)
	Pre-natal, HAART naive

	5.
	Moore et al.
	Malawi
	300
	Cohort
	2005
	5.7 (17/300)
	6.7 (20/300)
	HIV clinic, HAART naive

	6.
	Chasela et al.
	Malawi
	2040
	Clinical trial
	2012
	0.1 (2/2040)
	n/a
	Pre-natal HIV clinic

	7.
	Chasela et al.
	Malawi
	2048
	Clinical trial
	2014
	n/a
	5
(103/2048)
	Pre-natal HIV clinic

	
8.
	
Cunha et al.
	
Mozambique
	
1578
	
Cross-sectional
	
2004
	
1.5 (23/1578)
	
9.3 (146/1578)
	Blood Bank
1578 replacement donors

	9.
	Vardas et al
	Namibia
	1941
	Cross-sectional
	1997
	0.9 (18/1941)
0.1 (2/1941)
	11.1 (192/1733)
	Blood bank

	10.
	Barth, et al.
	South Africa
	242
	Cross sectional
	2008
	0.4
(1/242)
	0.8 (2/242)
	HIV clinic, HAART naive

	11.
	Hoffmann et al.
	South Africa
	981
	Cross sectional
	2002
	0.1 (1/981)
	4.2 (41/981)
	Pre-natal, HAART naive

	12.
	Parboosing  et al..
	South Africa
	1937
	survey
	2005
	6.4 (124/192)
	n/a
	In 5 sentinel sites

	13.
	Hoffmann et al.
	South Africa
	537
	South Africa
	2002/6
	n/a
	11.2 (60/537)
	HIV clinic, HAART

	14.
	[bookmark: _GoBack]Stevens et  al
	Zambia
	393
	Cross-sectional
	*2008
	1.6 
(6/393)
	5.9 (23/393)
	Cohort prospective

	15.
	Vermund et al.
	Zambia
	323
	Cross sectional
	2008
	1.2 
(4/323)
	9.9 (32/323)
	HIV clinic, HAART naive

	16.
	Thio et al.
	Zimbabwe
	203
	Clinical trial
	2014
	n/a
	11
	HIV clinic, HAART naive

	17.
	Mattee et al.
	Tanzania
	1599
	Cross sectional
	April 2004
	
1.5
	
8.8
	Blood Bank
1125 replacement donors
474 voluntary donors

	18.
	Franzeck et al.
	Tanzania
	272
	Cohort
	2011/2
	3.7 (25/272)
	9.3 (10/272)
	HIV Clinic: Point of Care

	19
	Tess
	Tanzania
	516
	Cross sectional
	1989/90
	1.2
(6/516)
	n/a
	Population –based 
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In this section, the goal is to assess the burden HCV or HBV on liver disease in Mozambique.
Hepatocellular carcinoma (HCC) is one of most common cancers worldwide. Infection with HBV is responsible for almost 50% of the hepatocellular carcinoma globally. The highest burden of HCC is in developing countries (49). In Southern African countries, HCC has being linked to HBV, due to endemic prevalence of HBV. A study in South Africa reported a 23-fold increase in the risk of hepatocellular carcinoma due to HBV among black people and 6.6 risk for development of the disease among those co-infected with HCV (49, 50). In western countries, HCC is mostly due to HCV(4).
Risk factors for development of hepatocellular carcinoma are infection with HCV, HBV, exposure to aflotoxin, excessive alcohol consumption (51).
High rates of HCC have been reported among Mozambican mine works in South Africa, as well among people living in the same area were the miners came from. An old study conducted from 1968-1974 in Inhambane, Mozambique, with a sample size of 393, had an incidence rate of 9.3-60.7/100.000 for males and 3.7 -13 /100.000 in females. The incidence varied widely according to the district (51). Another study indicated high rate of HCC in Mozambican miners working in South Africa from 1986-9996, where 29% of the cases (65) were Mozambican miners. The crude incident rate was observed to range between 3.7-41.0/100.000 with an average of 16.9 /100.000. The etiology of HCC is not known for many of these patients. However, this population had high exposure to aflotoxin (52). 

1. [bookmark: _Toc394665912][bookmark: _Toc427166393]CONCLUSION
The prevalence of HCV infection in Southern Africa region varies widely according to the region, ranging from 0.8 to 6.7%, except from one study reporting extremely higher prevalence in a group of women seen at a contraceptive clinic in Tanzania 19%, while HBV seroprevalence is endemic in all Southern Africa countries, with prevalence above 8%. Overall the prevalence of chronic HCV is low in this region, which may compromise my ultimate goal of studying the epidemiology of HCV infection in Mozambique.
Accurate estimates of the prevalence are needed in order to allocate adequate resources in each country, especially now that new drugs can cure HCV. Although the pricing represents a giant obstacle, strategies should be directed to obtain access to the drugs the same way that the low and middle-income counties were able to get access to HIV drugs. To advocate for access to drug, it is fundamental that accurate data is available from population-based sample to establish the true prevalence in Southern African countries. Taking into account the higher burden of HIV in the region, polices should address the introduction of screening programs for HCV as soon possible.
Limitation of the review: a) Most of the countries do not have data published.                 b) Information mostly is collected through studies in HIV naïve to HAART patients and blood donor centers (following WHO sample questionnaires which sometimes limits the quality of data, due to resources constraints). c) There is a lack of population-based studies designed to evaluate the seroprevalence of HCV and HBV. d) Since the inclusion criteria vary from study to study, there is no uniformity in the available studies.
There is a need of further research in order to establish the real prevalence of HCV and HBV in Southern African in the general population. Therefore the new research should focus not only the group of blood donors but also include a population-based sample.
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