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Abstract

Hepatitis C virus constitutesan epidemic in Egypiigthe highest prevalence in
the worldof 14.7%.The reasons behindthis uniquderpic may be dated back to
latrogenic role of parenteral antischistosomal dapgr campaigns to control
endemic schistosomiasis. Other routes of infecii@contributing to the ongoing
HCV transmission. The prevalent genotype in Eggptype 4 (73%), the origin,
evolution, and dynamics are difficult to determiResk factors for acquiring HCV
infection include: history of antischistosomalirtjea treatment before 1986, old
age, male gender, and residence in rural areasr @k factors include; injection
therapy, blood transfusion prior to 1994, expogarearious facility-based medical
procedures, and occupational transmission amongthhezare workers.In
community settings, a set of risk factors, mos#iated to prevailing social and
cultural conditions, are responsible for maintagnithe high rates of HCV
transmission. Chronic HCV is the main cause ofrlisierhosis and liver cancer in
Egypt and, indeed, one of the top five leading eaud death. It kills an estimated
40,000 Egyptians a year.

When talking about children, current HCV seroprewmakis high, approximately 5-
8%. It is to be emphasized that HCV infection ist mbwvays benign in the
childhood period in Egypt. It has been shown thiabd transfusion, surgical
procedures, dental treatment, male circumcision agd above 10 years are
important risk factors associated with anti-HCVilandly prevalence. In addition,
vertical transmissions, and household transmis$iame been documented as
routes of transmission.

Occult HCV infection is defined aselevated livendtion tests and negative HCV
antibodies in serum, while HCV RNA is detectabldivwer tissue and peripheral
polymorphonuclear cells (PBMCSs). Interest in oc¢i@V has emerged recently in
Egypt. Studies at a national level are being carmiat, but no results have yet been
released. Many small scale studies have been petbamong particular patient
groups, which have highlighted the importance of tlisease entity.
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Introduction

HCV currently infects near 2% of the world’s population 1 In Egypt the
situation is very critical, Fig. 1. Hepatitis C wirconstitutesan epidemic in Egyr
whichishavingthe highestrevalence in the world. Nowhere ¢ is there an HC\
epidemic that affecta whole country. In all other countri¢he prevalence HCV
Is between 1% to 2%. There are a few exceptiongaithe prevalence HCV is
3%. In Egypt howevethe prevalencofHCV is 14.7%. Just about every family
Egypt s touched by hepatitis. The blood borne virus, which is highly infectio
infects at least 1 in 10 of the population agedal59[2].

Fig. 1.HCV globabrevalenc among adults and genotygsstributior[3].
1. Magnitude of the problen

In 1992, when HCV antibody testing became widelyailable, the
prevalence of HCV in Egypt was reported to be 10&%ong firs-time blood
donors[4]. Since then, many prevalence mates of HCV have be¢
reported[5,6],includinghe Egyptian Dernrgraphic Health Survey (EDH{7]. The
latter is a national probability sample of the desit Egyptian population, whic
concluded that, in general, eHCV antibody prevalence was 14.7
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Fig. 2 Prevalence of HCV worldwi [8]

Fifteen percentf the EDHS respondents «d 1559 had antibodies to tt
HCV virus in their blood, indicating that they hdgen exosed to the virus
some point, and 10%ereactively infectedMen were more likely to be infectt
than women;howevemaon¢ both women and men, here was direc
correlationbetweennfection and age. Twelve percemtf rural residents wer
infected versus, 7% of the urbones. he prevalence was highest in rural Loy
and rural Upper Egyptl0.5% and 28.4% respectively),whilewas lowest in th
Frontier Governorates and the Urban Governor&.9%, and3.2% respective)
Fig. 3.

AMediterranean sea

Nile Delta 2

' Middle Egypt
26.5%

Fig. . HCV spread ratios across Egypt {9].

The level of education as well as wealth quintile had an impact on HC
prevalence, Fig. 4ndividuals with no or less than primary educat{@@ and 1:
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percent, respectively) were markedly more likelyb® infected with the HCV
virus than the more educated population (7-8 p¢ycéteanwhile, the likelihood
of HCV infection also decreased with the wealthntjle from 12 percent among
respondents in the lowest wealth quintile to 7 eetamong respondents in the
highest wealth quintile.

18% 14%
04
16% 129% |
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10% - 8% 1
8% 6%
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4% -
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20 | 2% A
0% ‘ ‘ 0% ‘
No Less than More Lowest wealth Highest wealth
education lry educated quintile quintile

Fig. 4.The impact of level of education and the itequintile on HCV prevalence.

Reasons for this exceptional epidemic in Egypt aoamtroversial. A
generally accepted postulation is the iatrogenide rof the parenteral
campaignscarried out some decades ago to contteh@n schistosomiasis[10]

2. HCV genotypes

There are seven major genotypes of HCV, whach indicated numerically
from one to seven, [10]ne prevalent genotype in Egypt is type 4 (73%pfeéd
by genotype 1 (26%), whereas mixed HCV ggmed infection was found in
15.7% in cases in Egypt, [12].

Genotype 4 is also the most common genotype inr@lesmid West Africa and the
Middle East. Currently, HCV 4 infection is spreaglibeyond its strongholds in
Africa and the Middle East. It has recently spre@adeveral Western countries,
particularly in EuropeFig. 4,due to variations mpplation structure, immigration,
and routes of transmission [13]
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Fig. 5.Global origin and spread of HCV 4 infectidh

The origin, evolution, and dynamics of HCV 4 ardficult to determine
given the limited population-based epidemiologicildies and phylogenetic
analysis of thisgenotype in the geographic regimnsgvhich it is endemic. The
information available from small-scale field survefi®m Central African
countries (Zaire, Gabon, Central African Repubdind Tanzania) and Cameroon
in addition to sequence analysis studies indidaae HHCV 4 strains circulating in
Central Africa and Cameroon are extremely hetereges, and suggesting that it
probably has been endemic for a long time[14- 23jx@en 1920- 1960 during the
mass vaccination campaign against trypanosomiagiaimeroon, a great spread of
genotype 4 occurred[24]Theexcessive genetic variety in sub-Saharan Africa
might lead to the assumption that HCV 4 was iretlatind circulated in Central
andWestAfrica before spreading to other regionsp0g,

However, it is not clear how HCV infection was ntained for a long
period in these areas even in the absence of therkmoutes of transmission as
blood transfusion and injection. Perhaps other wayisfection transmission like
scarification, circumcision practice and sexual taoh may be responsible for
persistence and propagation of infection in tropacel subtropical regions [13].

In Egypt several combined population genetics andegniological analyses were
conducted to determine the origin and the histbrateanges in Egyptian HCV
prevalence [10, 15, 19, 20, 25, 26]

Regardless of the high occurrence of HCV in Egypidies have proposed that the
epidemic form of type 4a infection was more recamd fairlydissimilar from the
endemic form in sub-Saharan Africa [15, Zhle absence of genetic variety in
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Egypt matched with the sub-Saharan African strand the preponderance of
genotyped4a assume a somewhat common cause for pieengc not
alengthyendemicity and dissemination. Molecularl@venary investigations on
Egyptian type 4a isolates specifies that the EgypHCVepidemic was originated
and promulgated by widespreadantischistosomiasss tmaatment campaigns [10,
15, 19, 21, 25, 26The spread of HCV 4a was largely augmented in raraas
between 1930s t01980s, parallel with the mass cgmpawith the most rapid
enlargedprogression between 1930 tol1955 [19,E2&h though the anti-
schistosomal campaigns ended in the early 1988pc¢burrence of HCV remains
high in Egypt. Considering that HCV currently is madhan 30% of the annually
reported acute hepatitis cases [27], it appeatsthe@xistingprominence of HCV
in Egypt is caused by new infections developedtrrtthanthe era of anti-
schistosomal campaigns [13].

3. Risk factors and transmission
3.1. History of antischistosomal injection treatmenbefore 1986.

Schistosomiasis was a common parasitic diseasgyptEontractedby swimming
or walking in polluted channels. It can producenary tract or liver damage over
many years. Before 1986 the strategy of treatmeas tartar emetic given by
intravenous injection. Extensive campaigns wereetimfight schistosomiasisin the
rural areas of Egypt 1960’s- 1970’s and early 1898[28, 29].

Egypt's hepatitis C epidemic dates back decades wlhass syringes used during
mass vaccination campaigns were not properly =tedl between uses. This
reservoir of infection was continued for years dodack ofbothawareness and
efforts to control the spread. Overall, despite riomement in schistosomiasis-
related morbidity between 1980-1990[30, 31],it agypdo have caused widespread
infection with HCV, which by the 1990s, had replkhcgchistosomiasis as the
primary cause of liver disease in Egypt [30].Actiméection rates are particularly
high among individuals who reported receipt of edskt one injection to treat
schistosomiasis compared to those who had notvextsuch an injection[7].

3.2. Age

Different studies have shown a dramatic increasd@V prevalence with age; a
cohort effect that may be explained, at least int,pay the early association
between parenteral antischistosomaltherapy camaatgtHCV transmission[32,
34].

3.3. Gender
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Higher HCV prevalence rates are observed in madespared to females. These
differences may also be in part attributed to tlaeepteral antischistosomasis
campaigns (PAT), as males were more affected bystmstosomiasis disease
burden and hence were main targets of these cangjaty 38].

3.4. Geographical differences

Higher prevalence was observed in rural dwellemspared to individuals living in
urban areas. These differences may also be indparto the PAT campaigns, as
rural areas were more affected by the schistosasniisease, consequently, were
more involved by these campaigns [35, 38; 39]

3.5. Injection therapy: for any other indication, like for hemorrhoids,wmary
incontinence [38].

3.6. Hospital-basedprocedures
3.6.a. Blood transfusion
Prior to 1994,blood transfusionwas a common rowte HCV transmission in
Egypt [40] After that date, blood and blood products wereeasced for HCV
which eliminated the possibility of HCV transmissiaia this route [10, 27]
3.6.b. Other procedures.
Experiencing various facility-based medical procdegdunowever minor they are,
contributes to susceptibility to HCV [Hurgicalprocedures, perinatal care, and
dental treatment have been incriminated in HCVdanaission in many studies [6,
33, 41]
3.6.c. Occupational hazards

Transmission among health care workersutfh needle sticks and sharp
injuries is common in Egypt and contributes to kigh rates of HCV infection,
given that needleless systems are not adopted Eggbtian hospitals and health
care units [42, 43]

3.7. Community-based risk factors



214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

247
248

249
250
251
252
253

3.7.a. Social and cultural factors.

A group of risk factors, having intimate relatiomsthdominantcommunity and

cultural aspects are the cause of the documenggdrates of HCVtransmission in
Egypt. On rural areas, during manybig communityeldastudies, wound treatment,
excision and dentistry carried out by informal flealare providers were reported
as significant risk features [42- 44]. Furthermonearly half of deliveries are

manipulated by old-fashioned birth assistants whaat stick to sound infection

control procedures [43, 44faditional scarification and tattooing practicesyma
also contribute to HCV transmission inthese sestidg, 43]

3.7.b. Intrafamilial and sexual transmissiomlay a role in the high prevalence of
HCV in Egypt [45, 46]The household contacts of HCV seropositive patibats
been shown to have an elevated risk of HCV infe¢d, 48]Recentlyin 20141I-
Bendaryet al.conducted a pilot study of the epidemiological atpef
intrafamilialspread of HCV infection in Egyptianpdption. They concluded
thatintrafamilial contact is an important factortive transmission of HCV in

Egypt. Transmission might occurduring family comtaexual behavior, and the
shared use of personal items. The investigatomsmweended a wide scale national
studyto clarify this important entity [49]

3.8. Intravenous drug using (IDU):

Whereas intravenous drug using is the maindriveéd¥hhcidence and prevalence
in many countries [50], it is not so in Egypt. Tlesattributed to the specific
context of the Egyptians[10, 27, 51]. However,amis of absolute measure, IDU
has an impact on HCV transmission [52]comparablgtiter countries. El-
Ghazzawi, reported an HCV prevalence amongst ICi&8% [53]Based on the
prevalence rate of 14.7%, injecting drug use manrdmte to a maximum of
about 1% of the national HCV prevalence in Egypt[54

Injecting drug use is unlikely to contribute muochHCV prevalence among
women, again given the context of Egyptians. Moegpinjecting drug use among
women in the Middle East and North Africa regiom&ieved to be marginal with
only about 10% or less of IDUs being females [5h,56

4. Complications

HCYV infection most often leads to an asymptomalionic state, which can later
progress to active liver disease, and grave cotiguig An important characteristic
of HCV disease is that the majority of patients amaware of their disease status
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until they develop severe liver disease that mas@mt several years later [2].
Chronic HCV is the main cause of liver cirrhosigldiver cancer in Egypt and,
indeed, one of the top five leading causes of dg&8hHCV kills an estimated

40,000 Egyptians a year [2]

5. HCV infection in children
5.1. Magnitude of the problem

In the Western world the prevalence of HCV infectis relatively low in children,
with an anti-HCV prevalence rate of 0.2%-0.4% [5IN]. Egypt, although mass
campaigns to control schistosomiasis that took epldecades earlier may have
been responsible for much of seropositivity in theold-age
people,currentseroprevalenceis also high in chmidi@o young to have been
involved in those campaigns [10, 26]. The prevatentthose under age 20 is
approximately 5-8%, demonstrating the continuedggmee of significant hepatitis
C transmission in modern-day Egypt [35].

The magnitude of HCV infection in children has bes&ndied by many authors. In
2000, and 2002 two community-based cross sectisnalies to determine the
prevalence of HCV among Egyptian children were iedrrout.The first was
inLower Egypt [40] and the second was in Upper E¢9p]. In 2007,El-Razikyet

al. [59] concluded that asymptomatic HCV infectionswaesent in 2.02% of 1042
children studied. In2010,Khalilet al.from Assiutsituated in Upper Egypt
[41],measured the rates of anti-HCV positivity amarhildren at the age of 1-9
years. On the next year [60], researchers from &ldra, located on the
Mediterranean Coast of Egypt estimated the precalefi HCV infection among
healthy children. The most recent work published weat oFarghalyet al. in
2014 whostudied the frequency of HCV infection amongldi@n with type 1
diabetes mellitus (T1DM) in Upper Egypt [62bmmary of the most recent studies
performed is shown in Table.

It is worth mentioning that HCV infection is notwalys benign in the childhood
period in Egypt as reported IBi-Raziky, et al.in 200462].They found that ALT
levels were elevated in up to half of the HCV RN@sftive children. Symptoms
such as diarrhea, abdominal pain, history of fatignd school absence because of
illness were also commonamong pediatric patientsliatl by El-Razikyet al.in
2007159].Whereas the first group of authors reported higickl abnormalities in
three quarters of the HCV RNA-positive children ythevaluated, the second
investigators found thatnone of the HCV positivédrien was diagnosed as having
signs of advanced liver disease upon clinical or
ultrasonographicexamination.Regardingchildren withADM examined by



294 Farghalyet al. [61]in 2014, HCV infection was not associated wsignificant
295 changes in hepatic biochemical parametersand there no significant impact on
296 serum levels of liver biochemical profile.

297
Year | Age Study location ELIS +veno(%) PCR | +veno( | Others Referen
sample A %) +veno(%) | ce
2000 <19 2010 Lower Egypt 178 (9%) - (40)
2002 <19 2967 Upper Egypt + 84 (3%) - (58)
2007 1-9 1042 Hospital-based  + 15 (1.4%) + 5 ALT(6) | (59)
2010 2m- | 465 Assuit 3%gen | 121(26%) + 87 (a1)
15y University (72%)
2011 6-15 500 Alexandria + 5.8% + (60)
2014 3-16 | 150 Assuit 3% gen | 18(12%) + 12(75%) Total (61)
(T1DM) bilirubin,
direct
bilirubin,
protein,
ALT, AST
298
299  Table.Summary of the most recent studies performed irpEgyith regard to the prevalence of
300 HCV among children.
301
302 5.2.Risk factors
303

304 In the Western World, blood transfusion is the @pal route of transmission of
305 HCV in children [62]Earlierevidence suggested that new cases are chezit@atal
306 (vertical) transmission [63]

307 Studies in Egypt suggest that children are exptse&tCV vertically through

308 mother-to-child transmission [64- 68].High RNA padence was documented

309 among infants of HCV positive mothers, ranging kesw 3.8% and 11.1% [69,
310 70]. Moreover, Egyptian children are at high risk oingehorizontally infected

311 with HCV by their parents,or household exposurd.[T@e latter canoccureither
312 directly or indirectly through shared needles dreotpossible fomites [FAnalysis
313 of data gathered during studies of countrysidecomtes’demonstratedparents
314 who had anti-HCV were more likely to have childreith anti-HCV antibodies

315 than parents who lacked antibodies. The relatignailais larger with mothers than
316 fathers and when the parent had HCV RNA[71]. Seguegnisolates from 13

317 families with parent(s) and children having HCV RNshowed that10 of 18 had
318 genetically similar viruses.

319 In Egypt also, medical exposures to HCV at a veoung age have been
320 incriminated [72- 75]. High HCV levels were repalteamong thalassemic children
321 [72, 76, 77] children on hemodialysis [73, 74] and diabeticldriein [72, 73,
322 75].Residence in rural areaandlow socioeconomic classalso significant risk
323 factors [61]Barakat and Elbashir in 2011, concluded that history of previous
324 blood transfusion (odds ratiofOR] = 34.8, 95% CB9272.95), intravenous
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injections (OR=4.68, 1.89-11.59), surgical intemv@m (OR=5.64, 2.55-12.52),
dental treatment (OR = 6.81, 2.64-17.39), [54]ihget (OR=2.29, 1.08-4.89)
and circumcision for boys by informal health careviders (OR=2.6, 1.0-6.73),
age above 10 years (OR=6.83, 2.44-19.07), are ths significant risk factors
for HCV infection [60]

6. Has HCV incidence rates declined or not?

Some studies have concluded a decline in HCV imadewhile others did not.
Barbanet al. [78]have recently suggested that it seems plaugibat HCV
incidence rate has declined drastically in the tast decades since the discovery
of the epidemic in 1991-1992. That is because sufrtiee potential drivers of this
epidemic, such as the PAT campaigns and contaninaiteod, are no longer
present. However, results of the time trend anslgéiMahmoud et al. (2013)
suggested that, contrary to expectations, thereappo be a small decline, though
statistically not significant, in HCV prevalencees\time in the general population
and high risk population in Egypt [38], a findingat goes in accord with other
authors. Apossiblereasonis the very high baseli@¥ ldrevalence in the country.
For example, the transmission risk for reuse of lemc needles or
syringes,depends on the likelihood that the neggli®ge was used before on an
HCV patient, which is HCV RNA prevalence. The higahckground prevalence
can drive much more incidence. In the neighborirfayd for instance, having less
than 1% HCV RNA prevalence [55], a reuse of a acmntated needle is nearly
ten-fold less likely to lead to an HCV spread tiraggypt [51]

7. Occult HCV
7.1. Background

The role of occult HCV infection in chronic livellment was first described by
Castillo et al. in January 2014 [79]. When patients have neit@Y antibodies
nor RNA in their sera, buthave elevated liver fimctests,they may have
detectable HCV RNA in their liver tissue and PBM@8].

Occult hepatitis C has beenalso found in chronpahigs of unknown origin, in
several groups at risk for HCV infection such ashbdialysis patients or family
members of patients with occult HCV RNA,orin nornradividuals having no
evidence of liver disease. OCI appears to be liedsnt than chronic HCV.
However, affected patients may progress into lorehosis and even
hepatocellular carcinoma[81].
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7.2. Occult HCV in Egypt

Interest in occult HCV has emerged recently in Egfgtudies at a national level
are being carried out, but no results have yet betrased. Many small scale
studies have been performed among particular gagrenps.

In 2011, occult HCV was found to be highly prevaleeamong Egyptian
nonalcoholic fatty liver disease patients (NAFLEP(7%). It seemed to induce a
mild liver disease. The study recommended that NARlatients with elevated
ALT and negative HCV RNA in sera are to be investiggl for tissue (liver) HCV
RNA, and followed up for the occult HCV to monitprogression to overt disease
[82].

In 2012, two studies were published addressing O@lussef et al. (2012)
detected OCI in 20% of patients group with lymplodferative disorders,
compared to only 4% OCI in controls group [8Bhere was a male predominance
in both HCV and OCI. All HCV positive patients wegenotype 4Gad et al.
(2012)reported a high prevalence of occult HCV infectf@B%) in patients with -
unexplained persistently abnormal liver functiostteesults [84] Those patients
exhibited a distinct immunoregulatory cytokine patt favoring viral persistence

infection [83, 84].In2013, Amin et al.investigated the risk of post-transfusion
infection with HCV in the background of OCI ofdanblood and the recipients
are immunocompromised.The risk of acquiring poamtdfusion HCV infection
from an occult HCV blood unit was 5% [85]

8. Conclusions and closing remarks

HCYV infection is a major health problem in Egyphelbeginning was iatrogenic,
however, other routes of transmission led to ceutiion of the problem up till
now. Both adults and children are affected by disgase. Routes of transmission
and risk factors for this infection are well estsibed.

Occult HCV infection is an entity which has beecemtly described. Studies at
national level are being conducted. However stufdiespecial groups of patients
have highlighted its importance.

All efforts should be exerted to bring HCV dise&san end.
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