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Egypt has the highest prevalence of antibodies to hepatitis C virus
(HCV) in the world, estimated nationally at 14.7%. An estimated
9.8% are chronically infected. Numerous HCV prevalence studies
in Egypt have published various estimates from different Egyptian
communities, suggesting that Egypt, relative to the other nations
of the world, might be experiencing intense ongoing HCV trans-
mission. More importantly, a new national study provided an op-
portunity to apply established epidemiologic models to estimate
incidence. Validated mathematical models for estimating incidence
from age-specific prevalence were used. All previous prevalence
studies of HCV in Egypt were reviewed and used to estimate inci-
dence provided that there was sufficient age-specific data required
by the models. All reports of anti-HCV antibody prevalence were
much higher than any single other national estimate. Age was the
strongest and most consistently associated factor to HCV preva-
lence andHCVRNApositivity. Itwas not possible to establish a prior
referencepoint forHCVprevalenceor incidence tocomparewith the
2009 incidence estimates. The modeled incidence from the national
study and collectively from the modeled incidence from the previ-
ous community studies was 6.9/1,000 [95% confidence interval (CI),
5.5–7.4] per person per year and 6.6/1,000 (95% CI, 5.1–7.0) per per-
son per year, respectively. Projected to the age structure of the
Egyptian population, more than 500,000 new HCV infections per
year were estimated. Iatrogenic transmission is the most likely,
underlining exposure to the ongoing transmission. The study dem-
onstrates the urgency to reduce HCV transmission in Egypt.

incidence | iatrogentic transmission | parenteral transmission | Middle East
and North Africa | mathematical modeling

Hepatitis C virus (HCV), first identified in 1989, is strictly
a blood-borne RNA viral infection in the family Flaviviridae.

Humans are the only reservoir for this viral infection. HCV in-
fection most often leads to an asymptomatic chronic state, which
can later progress to active liver disease, liver failure, or primary
hepatocellular carcinoma. Treatment ofHCV is costly, beyond the
reach of most patients in less-developed countries, requires 48 or
more weeks to complete, and has serious adverse effects and low
efficiency. HCV in a family member can be socially and econom-
ically detrimental. There is no vaccine for HCV.
TheMiddle East and North Africa region (MENA) suffers from

high prevalence of unnecessary medical injections and trans-
fusions, reuse of needles and syringes, needle-stick injuries among
health care workers, and skin scarifications (1–9). Public health
systems are overstretched in several countries, leading to some
careless attitudes toward safetymeasures (6). Standardprecautions
are not routinely implemented in public and even less so in private
practices, such as among dentists (10–12). Injections are the pre-
ferred mode of therapy even when alternative modes are equally
effective (13, 14). At 4.3 per year, MENA has the highest rate of
injections per person per year of all regions (15). MENA has also
the highest levels of all regions in the proportions of incident
hepatitis B virus (58.3%), HCV (81.7%), and HIV (7.2%) infec-
tions attributable to contaminated injections (15). Blood trans-
fusions are performed evenwhen notmedically indicated (16). The
first documented HIV outbreak in renal dialysis centers in the

history of the HIV epidemic occurred in Egypt (17), which has
witnessed yet a second outbreak in recent years (18).
HCV currently infects ≈2% of the world’s population (19).

Collectively, among all nations, the percentage positive for HCV
ranges from 0.01% in Scandinavia to 3% in North Africa, with
a single unique exception, Egypt (19). In 1992, when HCV anti-
body testing became widely available, the prevalence of HCV in
Egypt was reported to be 10.8% among first-time blood donors
(20). Since this discovery,many prevalence estimates ofHCVhave
been reported, mostly from rural communities located in the
northern Nile Delta. Two more recent prospective studies esti-
mating the incidence rate of new HCV cases have also been
published, suggesting ongoing transmission in their respective
communities (21, 22). For more than a decade, Egypt has been
widely regarded as having an epidemic, with the highest recorded
prevalence of HCV in the world (19). HCV is currently the most
significant public health problem in Egypt.
Explanations for this unique epidemic in Egypt have been an

ongoing subject of controversy. The iatrogenic role of parenteral
antischistosomal therapy campaigns to control endemic schisto-
somiasis, which ceased some decades ago, is a widely held hy-
pothesis (23). There may have been considerable other con-
current iatrogenic exposures at the time. More recent evidence
suggests a continuation of iatrogenic exposures that is contrib-
uting to ongoing HCV transmission (24, 25).
The recently published Egyptian Demographic Health Survey

(EDHS) in 2009 was a national probability sample of the resident
Egyptian population. This report estimated an overall anti-HCV
antibody prevalence of 14.7% (26). The number of Egyptians es-
timated to be chronically infected was 9.8%. This report provides
a precise national prevalence estimate and includes additional data
on patterns ofHCVprevalence by gender, age, urban vs. rural, and
between different regions of the country.
The primary objective of this study was to use the past and now

current estimates of HCV prevalence in Egypt to characterize
the magnitude of HCV infection transmission.

Methods
HCV Data. A search of all published peer-reviewed literature (English langu-
age) from1992 to 2010onHCVandEgyptwasmadeusing theNational Library
of Medicine, PubMed, Google Scholar, Web of Science, Biological Abstracts,
manual review of citations in search-identified publications, and in Egypt for
reports available only locally. Studies that (i) reported HCV prevalence or in-
cidence, (ii) described the serologic methods, (iii) were of cross-sectional or
prospective epidemiologic design, and (iv) could be abstracted for the pur-
poses of the study were included. In addition, age or 5-y age group–specific
prevalence data were required for estimating age-specific incidence. Pub-
lications based on clinical populations were not included.
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Modeling Incidence Estimates. Prevalence in a given population was defined
as the total number of persons identified as positive for anti-HCV antibody
divided by all tested-negative plus all tested-positive persons in the pop-
ulation. Prevalence times 100 is often reported as a percentage. Prevalence is
a proportion, at a given point in time, of a defined condition in a defined
population. Themagnitude of prevalence is a direct function of incidence and
increases with the number of new incidence cases (27).

DetectingnewHCV infections isproblematic. Soonafter infection,HCVRNA
viremia can be detected using nucleic acid testing (28), but rarely does this
result in an acute symptomatic clinical illness. Symptoms, if and when they
appear, may not be associated with disease onset, undermining the use of
classic case–control studies to identify exposures. Direct estimation of in-
cidence proportion or incidence rate requires prospective studies, which take
considerable resources, large sample sizes, and time measured in years. Na-
tional prospective studies would be impractical and doubtfully cost-effective.

Themethodused in this study for estimating incidence fromprevalencewas
published by Leske et al. (29), Zou et al. (28), and others (30, 31). Zou et al.
adapted the method for estimating HCV incidence from HCV prevalence in
first-time blood donors. Using the notation of Leske et al. (29), incidence risk
(∏) is a cumulativeprobability,which ranges from0 to1, ofnewHCV infections
in a given time period, in this case either within a 5-y age group or single age
group, and is estimated by:

Πx ¼ Pxþ1 −Px

Dx
;

where ∏x is the cumulative probability of incidence cases for the age interval
x, and x + 1 is the age interval in the next older age group, P is the preva-
lence proportion, and Dx is the age difference in the age group. For exam-
ple, in 5-y age groups, Dx would equal 5.

There are several strict assumptions necessary to avoid distorted incidence
estimates using this method:

1. Once positive for the anti-HCV antibodymarker, an individual does not
revert to anti-HCV antibody negative. Positive HCV antibody status is
essentially irreversible and remains for the lifetime of the individual
(30).

2. Incidence within an age interval is relatively stable. Age or ≤5-y age
groups are sufficiently short periods for this assumption (30).

3. Thebiomarkerof infection shouldappear shortly after infection. InHCV,
there is a rather short delay from infection to the appearance of anti-
body, the so-called “window period,” usually considered to be approx-
imately 50 days.

4. The sensitivity and specificity of anti-HCV antibody assays should not
change significantly over time. Third-generation ELISA tests have
replaced second-generation assays over the time period of this study.
When incidence estimates were compared between studies using sec-
ond-generation ELISA and studies using current third-generation
assays, adjustments to second-generation were made using published
sensitivity and specificity estimates for the two assays (32).

5. The demographic structure of the target population should be stable
over time. The Egyptian population has grown over the study period,
from 1992 to 2009, with only minor changes in the population age
structure. This is a concern when there is significant migration, which
is not the case in Egypt.

In general, when HCV prevalence is measured in Egyptian communities, it
varies across 5-y age groups. Regression models were tested and used to
smoothprevalenceover agegroups as described by Leske et al. (29) and in turn
used the estimated prevalence for the beginning of each age interval. The SAS
(SAS Institute) procedure FREQ with RISK DIFF included in the statement was
used to calculate 95% confidence intervals (CI), as described by Zou et al. (28).

Incidence was estimated and tabulated from each report that met the
criteria listedabove.Data fromthenational sample (26)wereused togenerate
an overall national estimate of ∏ (total population), ∏x,, and an overall esti-
mate of the total population that would become infected with HCV in 1 y.
Total population estimates for Egypt were obtained from the Center for
Public Mobilization and Statistics (CAPMAS) (33) and related sources (34).

Given the importance of the EDHS nationally representative sample,
needed for making a national representative estimate of incidence, the study
design, sampling methods, and laboratory determination of HCV antibody
and HCV RNA were scrutinized. The study design and sampling methods
followed the strict guidelines set forward by the parent international De-
mographic Health Surveys (DHS) organization founded in 1984. DHS has since
completed more than 240 studies in more than 85 countries, providing na-

tional representative data on health and population trends in developing
countries (35). Laboratory methods for the detection of HCV antibody and
HCV RNA were detailed in the EDHS report (26). Positive third-generation
ELISA results were retested, and all dual-positives were confirmed by chemil-
uminescent microplate immunoassay. Quantitative real-time PCR was used
at the Central Laboratory for the detection of HCV RNA. A stringent quality-
control system was carried out in a separate government laboratory. The
methodology used in the EDHS serology is robust, and it is unlikely that
a known or unknown cross-reacting Flavivirus circulating in Egypt would
have affected the prevalence measures.

An additional method to estimate incidence, given prevalence, was made
using the data from each of the publications reviewed by study, whereby
incidencewas plotted against prevalence using each report as an observation.
In this ecologic model, incidence was estimated for a given prevalence. Re-
gression models were used to estimate the magnitude of association and
curve fitting as described by Morgenstern (36).

Results
In total, 752 titles were found by using “hepatitis C” and “Egypt” as
search words. There were 400 publications identified from search-
ing individual references starting from the most recent studies that
met all criteria and working back to 1992. Including the Internet
databases, another 352 titles were screened. Only four reports were
unique inaddition to those identifiedmanually.One report thatmet
criteria for inclusion had to be obtained in Egypt. Fig. 1 shows the
search results. Four study designs emerged from the reviewed lit-
erature that were included: blood donation studies, cross-sectional
studies of rural communities, two national studies, and two pro-
spective cohort studies. The reports that met the study criteria are
listed by year, location, sample size, prevalence, incidence, and ci-
tation in Tables 1 and 2.
As shown in Table 1, the earliest report of anti-HCV antibody

prevalence (10.8%) inEgypt was in 1992 (20). This study examined
a large number of healthy first-time volunteer blood donors in
Cairo. HCV prevalence in these blood donors increased mono-
tonically with age (Fig. 2). For example, at age 20 y the prevalence
was 7.5% and increased steadily to 20% at age 40 y.
HCV prevalence varied considerably, from 8.8% to 26.6%, in

the reports of blood donors, owing primarily to differences in the
age structure of the blood donors tested, as shown in Table 1.
Blood donor studies were reported from 1992 to 2009. In a 2009
study on a large number of first-time volunteer blood donors in
a central urban area in the Nile Delta, a trend in HCV preva-
lence over time was reported (37). In this study, the prevalence
of HCV using third-generation assay in 2000 was 17.7%. Each
year after 2000, the prevalence of HCV declined until the study
completion in 2007, when 7.4% of donors were HCV positive.
As shown in Table 2, prevalence ranged from 8.7% to 40% be-

tween cross-sectional studies reported from1993 to 2008.With two

Data from 25 studies listed in Tables 1 and 2 were included

8 blood donor,
15 cross-sectional, & 

2 prospective

Medline /Pub Med
196 titles

45 reviewed

Manual search
400 titles

93 reviewed

Google Scholar
82 titles

38 reviewed

Web of Science
74 titles

31 reviewed

Fig. 1. Publication search results for HCV epidemiologic studies in Egypt.
Journal articles were screened for hepatitis C in Egypt, from which those that
suggested clinical, treatment-related, or laboratory-based studies were ex-
cluded. Additional criteria for selection that were used included (i) reported
HCV prevalence or incidence, (ii) described the serologic methods, (iii) were
of cross-sectional or prospective epidemiologic design, and (iv) could be
abstracted for the purposes of this study.
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exceptions, all studies were conducted in different rural villages,
mostly in the Nile Delta. All reports showed a similar age-specific
increase,withHCVprevalence as shown inFig. 2. Somedifferences
between studies therefore could be explained by thedifferent range
of ages included in the respective studies, given the strong associ-
ation of age with HCV prevalence. Collectively, the Nile Delta
communities had a higher prevalence than the single estimate from
Upper Egypt (the region of Egypt south of the Nile Delta), which
suggested that Upper Egypt had a lower HCV prevalence than the
Nile Delta.
The 1996 report of 13.5% HCV prevalence as a national esti-

mate was from a secondary publication of data and incompletely
documented (38). For example, estimates were given without SEs
orCIs.Only 10of the 26governoratesofEgyptwere included.Age-
specific prevalence data could not be abstracted from this report.
The EDHS data were based on a representative national sam-

ple, completed in 2008 and published in 2009 (26). As shown in
Table 2, the overall country HCV prevalence was 0.147 ± 0.005.
Fig. 3 shows the 5-y age group–specific HCV prevalence from the
national study. Prevalence increased with each 5-y age group. The
2008 study also included the prevalence of HCVRNA, also shown
in Fig. 2, which also increased sharply with age. Note, however,

that HCV RNA prevalence, as expected, was consistently lower
than HCV prevalence in every age group but that this difference
increased slightly by age.
The data in Fig. 3 represent both urban and rural populations;

the prevalence in the 20–24-y age groupwas 0.05, which is less than
the blood donor data for the same age group more than a decade
previously, 0.078 (Fig. 2). Prevalence also increased by age. Com-
paring the regression lines in Figs. 2 and 3, HCV prevalence in-
creased more sharply with age in the national survey. SEs are
provided in the EDHS report (26).
Two prospective studies were completed in 2005 and 2008 (21,

22). The incidence reported from both studies demonstrated on-
going transmission ofHCV.However, therewere large differences
in incidence reported, as shown in Table 2. This can be best
explained by differences in study design and the respective target
populations. The 2005 study started as a cross-sectional design in
two rural communities, one in the Nile Delta and the other in
UpperEgypt. The incidence from this report was 3.1/1,000 and 0.8/
1,000 for the Nile Delta site and Upper Egypt site, respectively.
Intrafamilial transmission was suggested by the authors. The 2008
study was a prospective study of pregnant females at a large urban

Table 1. Anti-HCV antibody screening in blood donors at various locations and times in Egypt

Year* Sample size Study type Prevalence (%)
Incidence per

1,000 Location HCV assay
First author
(reference)

1992 13,483 Blood donors 10.8 3.7 Cairo Second generation Kamel (20)
1992 90 Blood donors 14.4 —

† Cairo Second generation Darwish (50)
1992 1,837 Blood donors 14.5 — Suez Canal Second generation el Gohary (51)
1993 163 Blood donors 13.6 — Cairo Second generation Darwish (52)
1993 2,644 Blood donors 24.8 — National Second generation Arthur (53)
1995 188 Blood donors 26.6 — Cairo Second generation Bassily (54)
1999 3,608 Blood donors 8.8 — National Second generation Tanaka (55)
2009 55,922 Blood donors 7.4–17.7 — Nile Delta Third generation Ismail (37)

*Year of investigation, not year of publication.
†Age-specific data could not be abstracted.

Table 2. Studies of HCV in different communities, including the results of the EDHS study on a representative national sample

Year* Sample size Study type Prevalence (%)
Incidence per

1,000 Location HCV assay
First author
(reference)

1993 726 Military recruits 33.4 —
† Alexandria Second generation Farghaly (39)

1994 1,258 Rural, CS 18.7 6.4 Nile Delta Second generation Kamel (44)
1995 796 Rural, CS 40.0 15.0 Nile Delta Second generation Darwish (45)
1995‡ 796 Rural, CS 40.0 15.0 Nile Delta Second generation Rao (56)
1996 155 Rural, CS 24.3 — Nile Delta Second generation Darwish (57)
1996 7,357 National, CS 13.5 — National Second generation Mohamed (38)
1997 506 Rural, CS 10.3 — Nile Delta Second generation el-Sayed (58)
1997 3,888 Rural, CS 24.3 13.3 Nile Delta Second generation Abdel-Aziz (46)
1997‡ 3,888 Rural, CS 24.3 13.3 Nile Delta Second generation Habib (59)
1999 6,031 Rural, CS 8.7 5.2 Upper Egypt Second generation Nefeh (47)
1999‡ 6,031 Rural, CS 8.7 5.2 Upper Egypt Second generation Medhat (42)
2003 1,422 Rural, CS 25.8 10.0 Nile Delta Not given el-Sadawy (48)
2003 4,020 Rural, CS 11.8 7.4§ Nile Delta Third generation Arafa (49)
2007 1,520 Rural, CS 10.9 — Nile Delta Third generation Eassa (60)
2008 11,126 National, CS 14.7 6.9 National Third generation El-Zanaty (26)
2005 6,734 Rural, P See note.¶ 3.1/0.8 ND/UP Third generation Mohamed (21)
2008 2,171 Rural, P See note.¶ 5.2 Nile Delta Third generation Saleh (22)

The two available prospective studies were placed at the bottom of the table. Incidence was estimated from prevalence reports that included age-specific
data using the methods described by Leske et al. (29) and Zou et al. (28). CS = cross-sectional study design; ND = Nile Delta; UP = Upper Egypt (area south of
the Nile Delta).
*Year of investigation, not year of publication.
†Age-specific data could not be abstracted.
‡Identical study population used in two publications.
§Interpolated from Lehman and Wilson (30).
¶Prospective study design: prevalence not estimated by design.
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medical center in the Nile Delta. The incidence was 5.2/1,000, and
iatrogenic transmission was reported.

Incidence Estimates from HCV Prevalence. Incidence among the first-
time blood donors in 1992 was estimated to be 3.7/1,000 (95%CI,
3.66–4.4). The lack of age-specific prevalence data provided in the
other reports of blood donors prevented incidence estimation.
Among the studies shown in Table 2, modeled incidence esti-

mates are given for all prevalence studies that published age-
specific data. In all cases, a logistic regression was found to fit the
age-specific data best. The derived incidence estimates also varied
among these studies, ranging from 5.2/1,000 to 15/1,000 persons
per year.
A logistic regression was found to be the best fit for age-

specific HCV prevalence, as shown in Fig. 3. The logistic re-
gression coefficients (where α=−4.4 and β=0.0758) were used to
estimate the incidence from the 2008 national sample. The over-
all HCV incidence estimated by this model was 6.9/1,000 per-
sons per year. As shown in Table 2, this estimate was lower
compared with most of the other cross-sectional prevalence
studies but slightly higher than incidence estimates from the two
prospective studies.
The variation of incidence derived from the individual cross-

sectional studies can be best explained by their respective preva-
lence (given control for age). This is demonstrated in Fig. 4, which
plots incidence as a function of prevalence for each cross-sectional
study for which incidence could be estimated (n = 7). A linear
regression with coefficients of α = 1.2 and β = 0.36 was found to
have the best fit. Note that the r2 = 0.85 or 85% of the variation in
incidence was due to variation in prevalence. The estimated in-
cidence using this relationship for a prevalence of 14.7%, the na-
tional estimate, was 6.5/1,000 persons per year.
At the time of this study, CAPMAS (33) reported the current

Egyptian population to be 77,156,000 million. The number of new
HCV infections, using theEDHS age structure estimated from the
national study sample, would be 537,066 (95% CI, 512,372–
577,782) persons per year. This estimation is shown in Table 3. Of
these,≈70,000would bepediatric infections or in those aged<20 y.
The 2008 prevalence data for HCV RNA can also be used to

estimate the number of persons who are HCV RNA positive in
each age group. Combined, this is 4,458,691 persons. This is an
underestimated human reservoir of HCV in Egypt, because those
aged <15 y and >55 y were not included.

Discussion
The major conclusion of this study is that the incidence of HCV in
Egypt seems to be continuing at a rate of ≈6.9/1,000 persons per
year, indicative of possibly ongoing hyperepidemic transmission.
This estimate was modeled from the 2008 national HCV survey,
which has a well-documented representative sample design with
small SEs (26). A similar estimate of incidence was made using an
ecologic model from the available, mostly rural, community stud-
ies. This result is, in part, due to the classic relationship between
prevalence and incidence (27) and provides a measure of internal
validly to the study. Results from the two published prospective
studies confirm ongoing transmission at these levels, at least in the
Nile Delta. However, estimates from these reports cannot be
inferred to the general population.
Increasing HCV prevalence was consistently found to be asso-

ciated with age in all reports. Because of this strong association, the
differences in prevalence in most studies could be explained by
differences in the age ranges included and location of study. All
cross-sectional results including reports on blood donors had
higherHCVprevalences than any single other country in theworld.

Fig. 2. Prevalence for anti-HCV antibody by age in 17,286 first-time healthy
blood donors in 1992 by age (20). Logistic regression (solid line) demon-
strates a monotonic increase of prevalence with age. Prevalence in ages 50 y
and older had fewer data, causing statistical instability. Logistic regression:
χ2 = 571.96, SE = 0.0025, df = 1, P = 0.000, r2 = 0.81, and 1/e(– α – β x), where
α = −3.8063 and β = 0.0627.

Fig. 3. Prevalence of anti-HCV antibody positive and the prevalence of HCV
RNA positive by 5-y age groups from the EDHS national sample (26). This
graph was prepared from data abstracted from the EDHS national sample
(26). The line was fitted by logistic regression for anti-HCV antibody preva-
lence. Logistic regression: χ2 = 1177.97, df = 1, SE = 0.0024, P = 0.000, r2 =
0.96, and 1/e(– α – β x), where α = −4.4 β = 0.0758.

Fig. 4. Relationship between estimated incidence and overall HCV preva-
lence from six community cross-sectional studies (44–49). The age-specific
prevalence was abstracted from each of six cross-sectional reports. Preva-
lence from the EDHS (26) was also included as a seventh observation. In turn,
these data were used as described in Methods to generate an estimate of
report-specific incidence, which can be seen in Table 2. Report-specific
prevalence and incidence points were plotted on a linear x-y graph with
percentage prevalence on the x axis and incidence per 1,000 per year on the
y axis. Linear regression: α + βx, where α = 1.23 and β = 0.363, r2 = 0.85 was
the best fit and demonstrates an internal validation of the model used to
generate a national incidence estimate.
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It bears notice that the EDHS study showed the age-specific
relationship betweenHCVprevalence andHCVRNAprevalence.
This in turn was used to estimate the number of Egyptians positive
for HCV RNA, or essentially infectious. Because the younger and
older age groups were not included, this is an underestimate of
the human HCV reservoir in Egypt. This also delineates the po-
tential magnitude of the future disease burden due to chronic liver
disease and its squelae.
The temptation to infer temporal changes between the first re-

port in 1992 or other previous studies and the 2008 national prev-
alence should be discouraged. No report was discovered in the
search of literature that was designed to demonstrate temporal
trends, with the possible exception of the 2009 blood donor study
(37). This study included a large number of first-time volunteer
blood donors in the Mansoura area (Dakahlia) recruited over
a period of 8 y. During this time HCV prevalence among these
donors declined from 17.7% to 7.4%. There was no analysis in this
study for age structure changes that may have occurred over time.
Increasing numbers of younger donors would have reduced preva-
lence. Nor was urban/rural residence assessed. Increasing numbers
of urban residences could also have reduced prevalence. It is not
possible to know whether there were changes in attitudes among
the self-selected volunteers over time or whether recruitment
methods of blood donors becamemore discerning given that better
recruitment methods would reduce collection costs. As in all cross-
sectional designs, the time of infection by HCV cannot be known
from serology. Finally, self-selected volunteer blood donors in
Mansoura are not representative of any other group or community
in the Nile Delta or the whole of the country. The EDHS HCV
prevalence estimate for the Mansoura was 17.8%, which is larger
than the 7.4% HCV prevalence of these blood donors in 2008.
The only report to date based on a national representative

sample was EDHS (26). This study was limited by design to report
only cross-sectional prevalence estimates at a point in time from

which no temporal inferences can bemade. In conclusion, no other
suitable historical estimate forHCVprevalence forEgypt could be
found for which valid historical comparisons could bemade.Given
the natural history ofHCV, an estimate of 6.9/1,000 per person per
year, and the limits of epidemiologic study designs, demonstrating
changes in HCV incidence over time would be challenging and
costly. The issue of how to demonstrate the efficacy of prevention
interventions to reduce HCV incidence in light of this should be
urgently studied.
Our modeling of the EDHS age-specific data to obtain a broad

national estimate of incidence is based on stated assumptions.
These were the same assumptions used by Lehman and Wilson
(30), who published age group–specific HCV incidence using data
from a single rural community in the Nile Delta. Others have
validated this model to estimate HIV incidence (31). Because our
estimate of HCV incidence is based on a representative national
sample, inference can be made to the entire Egyptian population.
Moreover, the number of new cases, using the current population
estimate from CAPMAS and the population age structure of the
EDHS sample, is based on low sampling errors. The number of
new HCV infections per person per year is large and is likely the
highest in the world for a national population. Moreover, the in-
ability to include newly infected persons whowere in the “window”
period before the development of HCV-specific antibodies at the
time that the blood specimenswere taken, results in ascertainment
bias and, accordingly, underestimation of the true incidence (28).
Regardless of the stated strict assumptions, the results in this

study should serve as a strong rationale for recognizing that HCV
transmission is ongoing and supports the justification to confirm
and validate the estimated 6.9/1,000 new cases of HCV per year
at the national level.
Currently it is not possible, owing to the study design limits of the

available EDHS data, tomake firm causal inferences regarding the
current principal mode of HCV transmission in Egypt or historical

Table 3. Estimation of HCV incidence

Age group (y)
Estimated*
population

Regression estimated
prevalence Incidence estimate

No. of
incident cases

Prevalence
HCV RNA

No. of
viremic cases

<5 9,081,000 0.0122 0.0011 10,064 —
†

—
†

5–9 8,489,000 0.0178 0.0016 13,556 — —

10–14 8,155,000 0.0258 0.0023 18,647 — —

15–19 9,123,000 0.0372 0.0032 29,608 0.028 227,437
20–24 7,828,000 0.0534 0.0045 35,611 0.030 241,362
25–29 6,405,000 0.0762 0.0063 40,133 0.039 256,447
30–34 5,073,000 0.1075 0.0084 42,742 0.083 404,513
35–39 4,587,000 0.1496 0.0110 50,323 0.099 436,540
40–44 4,154,000 0.2045 0.0137 56,915 0.150 638,216
45–49 3,588,000 0.2730 0.0162 58,297 0.189 731,047
50–54 2,948,000 0.3542 0.0181 53,430 0.253 802,450
55–59 2,568,000 0.4449 0.0189 48,506 0.274 720,681
60–64 1,702,000 0.5393 0.0183 31,216 — —

65–69 1,385,000 0.6310 0.0166 23,026 — —

70–74 1,016,000 0.7141 0.0142 14,383 — —

75–79 645,000 0.7849 0.0114 7,370 — —

80–84 298,000 0.8420 0.0088 2,632 — —

85–89 92,000 0.8862 0.0066 607
90–94 17,000 0.9192 0.0000 0
95–99 2,000 0.0000 0
100+ 0

77,156,000 537,066‡ 4,458,693

Using logistic regression, HCV prevalence was estimated for those aged <15 y and >56 y using the data from EDHS (26). Incidence estimates for each 5-y
age group was calculated as described inMethods. The number of new or incident cases is a product of the incidence estimate and population in each 5-y age
group, respectively. The number of viremic cases was a product of HCV RNA prevalence and the respective 5-y age group population.
*Estimated from the age structure of the 2005 Egyptian population (34) and the current population estimated of Egypt from CAPMAS (33).
†No population estimates of the number of viremic persons were made for these age groups.
‡See text for 95% CI for the total number of incident cases.
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trends of HCVprevalence. For now, it is prudent for policymakers
and public health professionals to target preventionmeasures at all
HCV transmission routes. This is especially true for current and
ongoing iatrogenic transmission of HCV in Egypt. The latter is
emphasized on the basis of a significant body of literature available
on current iatrogenic routesofHCVtransmission inEgypt (39–42).
For example, this includes excessive numbers of nontherapeutic
injections (24), poor or nonexistent infection control in health and
dental care facilities (25), and unacceptable HCV seroconversion
rates in hemodialysis units (17, 43). Considering the size of esti-

mated new cases ofHCVand the current overwhelmingdemand by
Egyptian patients seeking treatment for HCV infection, reduction
of HCV transmission, specifically iatrogenic transmission, should
be given a higher public health priority.
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