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Abstract: Egypt has the highest prevalence of recorded hepatitis C virus (HCV) worldwide, 

estimated nationally at 14.7%, which is attributed to extensive iatrogenic transmission during 

the era of parenteral antischistosomal therapy (PAT) mass-treatment campaigns. The objective 

of our study was to attempt to highlight to what extent HCV transmission is ongoing and discuss 

the possible risk factors. We studied the prevalence of HCV among 7.8% of Egyptians resident 

in Qatar in relation to age, socioeconomic status, and PAT and discuss the possible risk factors. 

HCV testing was conducted in 2,335 participants, and results were positive for 13.5%, and 8.5% 

for those aged below 35 years. The prevalence of HCV in the PAT-positive population was 

23.7% (123 of 518, 95% confidence interval [CI] 20.2%–27.6%) compared with 11.2% in the 

PAT-negative group. Significantly higher HCV prevalence occurred in participants who were 

older than 50 years (23%, 95% CI 19.3%–27.1%) compared to those aged 45–50 years (19.3%, 

95% CI 15.2%–23.8%), 35–45 years (11.1%, 95% CI 8.9%–13.7%), and less than 35 years 

(8.5%, 95% CI 6.8%–10.4%) (P,0.0001). Insignificant higher prevalence occurred in the low 

socioeconomic group (14.2%, 95% CI 11.3%–17.4%). Logistic regression analysis revealed 

that increasing age, history of PAT, bilharziasis, and praziquantel were common risk factors, 

but there was no relation with dental care. Host genetic predisposition seems to be a plausible 

underlying factor for susceptibility among Egyptians and intense ongoing infection.
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Introduction
Hepatitis C virus (HCV) is a leading cause of chronic liver disease worldwide.1 

The World Health Organization estimates that 170 million people are infected 

with HCV globally and 3–4 million new infections occur annually.2 Egypt has the 

highest rate of antibodies to HCV worldwide, estimated nationally at 14.7%.3 This 

epidemiological situation is of significant concern and requires urgent, broad, and 

active intervention for the prevention and control of HCV. Primary prevention 

activities include: screening and testing of blood, plasma, tissue, organ, and semen 

donors, virus inactivation of plasma-derived products, risk-reduction counseling 

services, and implementation of infection-control practices. Secondary prevention 

activities include identification and testing of persons at risk and management of 

infected persons.

The high prevalence of HCV among Egyptians was attributed to the iatrogenic 

role of the parenteral campaign therapy that was carried out in the 1960s and 1970s to 
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control endemic schistosomiasis using insufficiently steril-

ized intravenous injection equipment,4 which unfortunately 

established a very large reservoir of HCV. In spite of the fact 

that the mass-treatment campaign has been stopped, sero-

prevalence studies in Egypt have shown that the prevalence 

rates in children born after the end of mass treatment have 

been ranging between 1% and 10%.5,6

Extensive studies of risk factors for prevalent and inci-

dent infections in Egypt have been conducted.7,8 Unsterile 

syringes and contaminated blood or blood products could 

not account for a substantial proportion of present  infections. 

Current HCV infection possibly has a strong familial com-

ponent, explained at least partly by specific modes of intra-

familial viral transmission.9

National health care awareness and infection-control 

programs should be strengthened to prevent further 

transmission,10 but we should properly estimate the 

prevalence to improve our understanding of HCV epidemi-

ology and encourage researchers to seek more information 

on how and why HCV being transmitted among certain 

populations, and to assist the Egyptian government in their 

preventive efforts.

Despite the various studies that have been conducted 

among different samples of the Egyptian population to exam-

ine the prevalence of HCV infection, an important question 

has been raised regarding HCV transmission in Egypt. Are 

the parenteral antischistosomal therapy (PAT) campaigns, 

which took place before 1985 the main cause of HCV 

transmission, and if yes, why does it continue? Therefore, 

the primary aim of this study was to study the prevalence of 

HCV among Egyptians resident in Qatar in relation to age, 

socioeconomic status, and PAT, and the  secondary aim was to 

shed light on and analyze the possible risk factors responsible 

for the persistence of infection.

Patients and methods
Ethics statement
All patients provided written informed consent following the 

Declaration of Helsinki of 1979, and the study was approved 

by the local research and ethical committee of Hamad Hospi-

tal, Qatar. All study work was performed in accordance with 

national ethical regulations.

Procedure
A screening survey of 233 Egyptian people of 130,000 resi-

dent in Qatar (7.78% of the population) was conducted from 

December 2008 through July 2010 in Qatar health centers 

and the Egyptian embassy. It was carried out in two phases, 

involving 1,834 cross-sectional and 501 rural area subjects 

with low socioeconomic status (low income and low education 

level while living in Egypt). Qualitative detection of HCV 

antibodies was done using a colloidal gold-enhanced rapid 

immunochromatographic assay (Health-Chem Diagnostics, 

Pompano Beach, FL, USA).11 Diagnosis of chronic HCV 

was confirmed by measuring the viral load using reverse-

transcription polymerase chain reaction (TaqMan®, Amplicor 

Molecular System version 2.0; Hoffmann-La Roche, Basel, 

Switzerland), with a minimum detection limit of 50 IU/mL, 

and those found positive underwent liver biopsy.

A total of 28 and 33 patients with proven chronic HCV 

formed the controls for validation of the kit used in the first 

and the second cohort, respectively, and these controls were 

not included in the statistics. HCV genotyping was tested 

using the Inno-LiPA HCV II assay (Innogenetics, Alpharetta, 

GA, USA). Questionnaires that included demographic and 

health information, number of dental care visits, PAT, intra-

venous drug use (IDU), and previous potential exposure to 

HCV infection were administered.

statistical analysis
Descriptive statistics were used to summarize demographic 

and all other clinical characteristics of the participants. The 

primary outcome variable – the prevalence of HCV – was 

estimated and is presented along with 95% confidence inter-

vals (CIs). Associations between two or more qualitative 

variables were assessed using χ2 or Fisher’s exact tests as 

 appropriate. Quantitative variable means between HCV-

positive and - negative groups were analyzed using Student’s 

unpaired t-test. Univariate and multivariate logistic regression 

analysis was carried out to examine and assess the association 

of various potential predictors and covariates, such as age, 

residential area, history of PAT, bilharziasis, and praziquantel 

with the outcome variable HCV. Logistic regression analysis 

results are presented in terms of odds ratios (ORs) and associ-

ated 95% CIs. A two-sided P-value ,0.05 was considered to 

be statistically significant. All statistical analyses were done 

using SPSS 19.0 (SPSS, Chicago, IL, USA).

Results
During the study period – December 2008 to July 2010 – a total 

of 2,335 participants were enrolled and screened. For the 

2,335 enrolled, age ranged from 18 to 69 years, with a mean 

age of 39.4±10.3 years. All were males and Egyptian nationals. 

HCV testing was obtained in 2,335 participants, and the results 

were positive for 315 (13.5%). Participants’ baseline demo-

graphic and clinical characteristics are presented in Table 1.
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Table 1 Baseline demographic and clinical characteristics

Characteristics Frequency 
(n=2,335)

Percentage

age (years)* 39.4±10.3 (39 [18–69])
age group
  ,35 years 908 38.9%

  35 to ,45 years 658 28.2%

  45 to ,50 years 322 13.8%

  $50 years 447 19.1%
sex
  Male 2,335 100%
nationality
  Egyptian 2,335 100%
residential/socioeconomic status
  Urban 1,834 78.5%

  low 501 21.5%
history of bilharziasis
  Positive 605 27.1%

  negative 1,625 72.9%
history of PaT
  Positive 518 23.2%

  negative 1,713 76.8%
history of praziquantel
  Positive 592 26.5%

  negative 1,639 73.5%

Note: *age is shown by mean ± standard deviation, followed by median and range.
Abbreviation: PaT, parenteral antischistosomal therapy.

Table 2 Prevalence of hepatitis C virus by demographic and 
other clinical characteristics

n Percentage  
prevalence (95% CI)

P-value

Overall 315/2,335 13.5 (12.2–14.9)
age group
  ,35 years 77/908 8.5 (6.8–10.4) ,0.0001
  35 to ,45 years 73/658 11.1 (8.9–13.7)

  45 to ,50 years 62/322 19.3 (15.2–23.8)

  $50 years 103/447 23.0 (19.3–27.1)
residential/socioeconomic status
  Urban 244/1,834 13.3 (11.8–14.9) 0.614

  low 71/501 14.2 (11.3–17.4)
history of bilharziasis
  Positive 134/605 22.1 (19.0–25.6) ,0.0001
  negative 181/1,625 11.1 (9.7–12.7)
history of PaT
  Positive 123/518 23.7 (20.2–27.6) ,0.0001
  negative 192/1,713 11.2 (9.8–12.8)
history of praziquantel
  Positive 133/592 22.5 (19.2–26.0) ,0.0001
  negative 182/1,639 11.1 (9.6–12.7)

Abbreviations: CI, confidence interval; PAT, parenteral antischistosomal therapy.

Table 3 association of various predictors with hCV: logistic 
regression analysis

Percentage  
of HCV

Unadjusted  
OR

95% CI  
for OR

P-value

age group
  ,35 years* 8.5 1.0

  35 to ,45 years 11.1 1.3 0.97–1.89 0.084

  45 to ,50 years 19.3 2.6 1.79–3.70 ,0.001
  $50 years 23.0 3.2 2.34–4.45 ,0.001
residential/socioeconomic status
  Urban* 5.6 1.0 0.614

  low 12.4 1.1 0.81–1.43
history of bilharziasis
  negative* 11.1 1.0

  Positive 22.1 2.3 1.77–2.90 ,0.001
history of PaT
  negative* 11.2 1.0

  Positive 23.7 2.5 1.92–3.17 ,0.001
history of praziquantel
  negative* 11.1 1.0

  Positive 22.5 2.3 1.81–2.97 ,0.001

Note: *subjects in this category served as the reference group.
Abbreviations: HCV, hepatitis C virus; OR, odds ratio; CI, confidence interval; 
PaT, parenteral antischistosomal therapy.
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Of the 2,335 participants in the study, 315 (13.5%) were 

HCV ribonucleic acid (RNA)-positive, and 2,020 (86.5%) 

participants were HCV antibody-negative. The predominant 

genotype was genotype 4 in 98% of our studied group, while 

2% were genotype 1a. The mean age in the HCV-positive 

group was significantly higher (43.7±10.3 years) compared 

to the HCV-negative group (38.8±10.2 years, P,0.0001). The 

prevalence of HCV by age and other clinical characteristics 

is shown in Table 2. The overall prevalence of HCV was 

13.5% (95% CI 12.2%–14.9%). The prevalence of HCV in 

the PAT-positive population was significantly higher (23.7%, 

95% CI 20.2%–27.6%) compared with 11.2% (95% CI 

9.8%–12.8%) in the PAT-negative population (P,0.0001). 

Significantly higher HCV prevalence occurred in participants 

who were older than 50 years (23%, 95% CI 19.3%–27.1%) 

compared to age 45 to less than 50 years (19.3%, 95% CI 

15.2%–23.8%), age 35 to less than 45 years (11.1%, 95% 

CI 8.9%–13.7%), and age less than 35 years (8.5%, 95% CI 

6.8%–10.4%) (P,0.0001). Higher prevalence occurred in the 

low socioeconomic group (14.2%, 95% CI 11.3% –17.4%); 

however, the differences between the groups did not achieve 

statistical significance (P=0.614). There was a trend toward a 

higher prevalence of HCV in the older age groups compared 

to younger age (P,0.0001), as presented in Table 2.

Logistic regression analysis revealed that increasing age 

and history of PAT, bilharziasis, and praziquantel were com-

mon risk factors and significantly associated with an increased 

risk for HCV infection. The risk of HCV infection was 

3.2 times more likely to be higher in the age group $50 years 
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with previous reports that confirmed a very high HCV-antibody 

prevalence in Egypt.13,14 In our opinion, the relatively high prev-

alence we report below the age of 35 that increases with age 

is most likely attributed to the sample group, as most of them 

were farmers from rural areas with low education, where high 

prevalence was reported to be as high as 27.4%.15 Also, living 

in rural areas and in Lower and Upper Egypt was reported to 

be an independent risk factor for high  prevalence, being related 

to many factors, such as  parent-to-child undetected mode 

of transmission,16 vertical transmission, iatrogenic factors, 

perinatal infection, intrafamilial and interspousal transmission, 

nonsterile medical and dental activities, IDU, poor education, 

circumcision by an informal health care provider,17 and shaving 

by community barbers.18 Nevertheless, none of these factors is 

enough to explain the intense ingoing infection in Egyptians 

aged ,35 years.

Vertical transmission has been suggested as responsible 

for an overall adjusted rate as low as 1.7%.19 El-Kamary et al 

and Shebl et al reported that early and late clearance of 

infection through specific cell-mediated immunity occurs 

frequently, but only 2.4% of Egyptian infants born of HCV 

RNA-positive mothers had detectable HCV RNA at 2–3 

years of age.20,21 Furthermore, the incidence of HCV infection 

was not significantly associated with the child’s sex, mode 

or place of delivery, or type of delivery attendants present at 

the birth.7 Also, previous delivery of an infected child was 

not found to increase the risk of transmission in subsequent 

pregnancies.16 It was therefore concluded that the frequency 

of vertical transmission of HCV in Egypt does not seem to 

play a role in the high prevalence of HCV in Egypt.22

Perinatal infection occurs in up to 5% of HCV-infected 

mothers, and the presence of HCV RNA in breast milk has 

been reported. Nevertheless, recent reports showed that 

breast milk possesses an antiviral effect linked to endogenous 

lipase-dependent generation of free fatty acids that destroy 

the viral lipid envelope, and is thus unlikely to play a major 

role in vertical transmission.23

Reports regarding interspousal transmission are 

contradictory. While Magder et al estimated through math-

ematical modeling that 6% of infected individuals in rural 

areas in Egypt acquired infection from their spouses,24 cohort 

studies from Italy and Turkey reported very low rates over 

several years of follow-up per couple.25,26 The risk of sexual 

transmission of HCV within heterosexual monogamous 

couples is also extremely low or even nil.27 Consequently, 

HCV is classically considered as poorly contagious within 

families or between spouses, and this mode of transmission 

remains an issue of debate.26

Table 4 association of various predictors with hCV: multivariate 
logistic regression analysis

Percentage  
of HCV

Adjusted  
OR

95% CI  
for OR

P-value

age group
 ,35 years* 8.5 1.0

 35 to ,45 years 11.1 1.2 0.87–1.73 0.235

 45 to ,50 years 19.3 2.2 1.51–3.21 ,0.001
 $50 years 23.0 2.7 1.88–3.75 ,0.001
history of praziquantel
 negative* 11.1 1.0
 Positive 22.5 1.7 1.29–2.21 ,0.001

Note: *subjects in this category served as the reference group.
Abbreviations: HCV, hepatitis C virus; OR, odds ratio; CI, confidence interval.

(OR 3.2, 95% CI 2.34–4.45; P,0.001) compared to ,35 years. 

Participants who were positive for HCV infection were nearly 

2.5 times as likely to be positive for PAT (OR 2.5, 95% CI 

1.92–3.17; P,0.001), 2.3 times as likely to be positive for 

bilharziasis (OR 2.3, 95% CI 1.77–2.90; P,0.001), and 

2.3 times as likely to be positive for praziquantel (OR 2.3, 

95% CI 1.81–2.97; P,0.001) compared to those who were 

negative for HCV infection (Table 3 and Figure 1). Using 

multivariable logistic regression analysis controlling for all 

other potential covariates and predictors, such as age, history of 

PAT, bilharziasis, praziquantel, and residential area, we found 

that the factors with the strongest and significant association 

with HCV infection were among persons 35 to more than 50 

years old and history of praziquantel. No significant interac-

tions were found between age, history of PAT, bilharziasis, and 

 praziquantel, and including an interaction term in the model 

had no effect on the adjusted OR, as shown in Table 4.

Discussion
The persistently high prevalence of HCV among Egyptians 

is still an unexplained mystery. Although the introduction 

of oral praziquantel for the treatment of schistosomiasis in 

1982 halted the iatrogenic mode of transmission, and the 

current extremely low prevalence of Schistosoma mansoni 

infection (2.4%),12 the incidence of HCV in Egypt seems to be 

continuing at a rate of ∼6.9/1,000 persons per year, indicating 

a possibly ongoing hyperepidemic transmission.3

Increasing HCV prevalence has consistently been found to 

be associated with age in all reports. The decreased prevalence 

among the population born after 19863 coincided with the 

discontinuation of the PAT. As low as 0.5% prevalence was 

also reported in those below 30 years, increasing to a peak 

of 4.2% between 40 and 53 years of age.10 On the contrary, 

our report showed high prevalence (8.5%) among patients 

aged ,35 years, increasing with age, which is in accordance 
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Figure 1 Prevalence of hCV by age and other clinical characteristics.
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Dental care, another risk factor, was unlikely the cause 

in our study. In spite of the insignificant difference in dental 

care sessions among HCV-positive and -negative cases in 

our studied group of patients, which was in accordance with 

Egyptian and Iranian reports,6,28–30 they were all followed in 

the same health centers, suggesting that factors other than 

malpractice and iatrogenic role were involved. Nonsterile 

medical and dental activities have been convincingly shown as 

important in this regard,26,28 but little or no evidence has been 

provided that these practices are more prevalent in Egypt than 

other middle-income countries with low HCV prevalence. 

Different dental procedures were evaluated, and interestingly, 

despite initial results in some studies showing an association 

between HCV and dental treatment, when further analysis was 

applied, Habib et al found no difference in receiving dental 

treatment between infected and noninfected studied groups 

after adjusting for the age of the participants.31

The prevalence of HCV antibodies among Egyptian-

born persons living in New York City was 15.6%, in spite 

of an absence of iatrogenic exposures.32,33 In our study and 

another,31 the tested subjects came from similar villages, 

each served by one health center and dental care unit with 

similar standards of practice, and most health centers utilize 

infection-precautionary methods, which raises the question 

about why only 8% are exposed to infection. Though an 

important risk, iatrogenic factors cannot explain the high 

intense ongoing infection compared to other countries.

Circumcision, a practice followed at birth by all Muslim 

males in Egypt, is another potential risk, but positive cases are 

only 8%, and even non-Muslims who do not follow this prac-

tice also tested positive for HCV. It was therefore concluded 

that circumcision has a low risk for HCV transmission,32 

because almost everyone in a village had been exposed, but 

a limited number got infected.

Poor education in rural areas and unawareness of modes 

of HCV transmission other than contact with blood among 

Egyptians have been suggested as causes of the persistence 

of infection, but Chemaitelly et al did not demonstrate any 

association between HCV knowledge and HCV infection 

among the adult population of Egypt.34,35 They also concluded 

that the effect of awareness on reducing the risk of HCV 

infection may not provide sufficient empowerment for indi-

viduals to avoid HCV infection and should be complemented 

with prevention programs. The relative contribution of IDU 

to HCV incidence and prevalence in Egypt is much smaller 

than that in other countries,36 and none of our seropositive 

cases had experienced IDU.

The relation between the prevalence of HCV, schisto-

somal infestation, and PAT is also controversial. Numerous 

contemporary studies and the current one have found that 

less than 20% of those testing HCV-seropositive in Egypt 

have a history of exposure to PAT.35 Furthermore, numer-

ous other countries have experienced similarly intense 

mass intravenous injection campaigns with inadequate 
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the higher rate of exposure of Egyptian males to both 

schistosomiasis and/or HCV and immigration for work out-

side Egypt, we recommend further studies including females 

to validate our results.

Conclusion
We conclude that the high prevalence below the age of 

35 years in the absence of iatrogenic factors suggests a change 

in the pattern of HCV spread. We still need to understand 

the exact causes behind susceptibility to improve preventive 

measures. Host genetic predisposition seems to be a plau-

sible underlying factor. Whether these alleged host genetic 

factors will affect the response and/or mutation to the new 

direct-acting antiviral drugs is an important yet unanswered 

question.
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attention to injection sterility, but without dramatic HCV 

epidemics.36,37 Sudan, a country geographically close to 

Egypt with similar schistosomiasis endemicity and a medi-

cal service with almost the same level of malpractice, in 

addition to predominance of HCV genotype 4, surprisingly 

has a low seroprevalence (2.3%) of HCV among patients 

with bilharzial hepatosplenomegaly who received parenteral 

therapy.38,39

Even with the termination of PAT campaigns and the 

implementation of more stringent infection-control measures, 

we report considerable prevalence levels among our subjects 

below the age of 35 years. Having all been exposed to the 

same risk factors, only 8.5% got infected, 11% of negative 

subjects had received PAT, only 24% of PAT-positive tested 

HCV-positive, and only some offspring members of the same 

families were infected. Not only that, but as opposed to other 

countries where HCV dynamics are focused in specific high-

risk groups, such as IDU and hemodialysis, HCV transmission 

in Egypt has reached diverse population groups, including 

those not conventionally identified to be at risk of infection.13 

Moreover, some patients remained unaffected despite repeated 

exposure to risk factors. The question remains: why are some 

members of the Egyptian population more susceptible to 

infection while others are resistant? And why are Egyptians 

at high risk while the risk factors are comparable to other 

countries?

Recently, the involvement of host genetic factors in 

susceptibility/resistance to HCV infection in endemic 

countries has been suggested, and a dominant major gene 

conferring predisposition to HCV infection has been pos-

tulated.40 The association of the human leukocyte antigen 

(HLA) system with HCV infection in Egyptian populations 

has been addressed in two studies, where HLA-A29 was 

found to be associated with HCV infection,41 and HLA-

A9 was associated with low HCV viral load.42 In addition,  

a negative association between HLA allelic DRB1-11 and 

susceptibility to HCV was reported.43 Genetic predisposition 

to infection was also proposed in intrafamilial transmission.42 

Lymphotoxin-α may also have a role in susceptibility to HCV 

infection in Egypt.44–46 Genetic variants in estrogen receptor-α 

were found to be associated with HCV infection that may 

play an important role in determining the susceptibility to 

HCV susceptibility and viral clearance in a high-risk Chinese 

population.47 In Japanese, common amino acid substitution 

in HLA-DQB1 was implicated in susceptibility to chronic 

infection.48

Because of limitations in the sex of the sample, all 

being males, which may have affected the results, reflecting 
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