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ABSTRACT 
 

 Introduction: The hepatitis C virus (HCV) is a public health concern that impacts both 

developing and developed countries alike. The World Health Organization estimates that 

currently 130–150 million people worldwide are chronically infected; Egypt has the highest 

prevalence in the world with an estimated 14.7% of its population exposed to HCV and 9.8% 

chronically infected. HCV infection leads to chronic liver disease and its long term sequelae 

including cirrhosis and hepatocellular carcinoma; therefore the need for prevention and control is 

urgent, both in terms of patient morbidity and mortality and the burden to the healthcare system, 

especially in a low-income country such as Egypt. Providing a tool that public health officials 

can use to evaluate the effectiveness of different prevention and control approaches is an 

important step towards allocating resources to where they will be most beneficial. 

 Method: I approached this challenge by building a dynamic compartmental disease 

model. I recreated the historical HCV incidence curve in Egypt based on HCV prevalence and 

incidence and on demographics. I then developed a model with compartments for the susceptible 

and infectious populations. I used transmission parameters that were based on results from a 

systematic review of studies on transmission risk factors. 

 Results: The review of transmission risk factors revealed that the most frequently 

researched risk factors are those associated with the formal healthcare sector, while the roles of 

the informal sector and community sources such as intrafamilial transmission are not as well 

understood. The historical incidence curve showed a substantial decline in incidence following 
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the end of the parenteral anti-schistosomiasis therapy campaigns. The model projected the 

number of infectious individuals with the status quo maintained over the next 85 years would 

gradually decrease. Implementing infection control and treatment interventions will return HCV 

prevalence to pre-epidemic levels by 2025. 

 Conclusion: A dynamic model is a valuable tool in assessing the most effective 

intervention approaches to ending endemic HCV transmission in Egypt. Furthermore, the model 

indicates that HCV prevalence and incidence are sensitive to the introduction of interventions, a 

promising finding for those dedicated to tackling HCV in Egypt. 
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CHAPTER 1 – INTRODUCTION AND SPECIFIC AIMS 
 
1.1 Introduction – Hepatitis C as a Public Health Concern 

 The hepatitis C virus (HCV), a blood-borne pathogen that primarily targets liver cells, 

has grown as a public health concern since it was first suspected in the 1970s and identified as 

the cause of non-A, non-B hepatitis. With symptoms seen in only a minority of cases, the virus 

spreads largely undetected and leads to a chronic infection in most individuals. The World 

Health Organization (WHO) estimates that currently 130–150 million people worldwide are 

chronically infected (WHO 2014a). These individuals with persistent viral infections are at high 

risk for chronic liver disease, cirrhosis, and hepatocellular carcinoma (HCC), conditions that 

result in approximately 350,000 to 500,000 HCV-related deaths a year (WHO 2014a). Following 

the isolation of its RNA genome in 1989 and the introduction of testing protocols, efforts have 

been made to screen blood products and implement infection control measures to reduce 

transmission (Doss 2008; Shepard 2005); however transmission remains a concern. 

Understanding the current transmission dynamics for HCV is critical to reducing HCV incidence 

and thereby lessening the future burden of chronic liver disease. One case study for investigating 

transmission dynamics is Egypt, which has the world’s highest HCV prevalence. 

The source of Egypt’s high HCV burden has been attributed to the large-scale public 

health campaigns to treat schistosomiasis, a disease also affecting the liver, intestine, spleen, 

lungs, and bladder that results from infection by parasitic worms of the Schistosoma genus 

(Frank 2000; Strickland 2006). Treatment for schistosomiasis beginning in 1918 consisted of 

multiple injections of tartar emetric, hereafter referred to as parenteral (intravenous or 

intramuscular injection) anti-schistosomal therapy or PAT. Egypt’s Ministry of Health and 

Population (MOHP) used PAT in anti-schistosomal campaigns as early as 1921 and expanded 
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them in the 1950s (Strickland 2006). The peak years for these campaigns were the 1960s through 

the 1970s. The MOHP phased out the use of PAT in the 1980s after the introduction of a single 

dose oral treatment for schistosomiasis in 1982 (Strickland 2006; Frank 2000; Struthers 2007). 

While the PAT campaigns were successful in reducing parasitic infections in the population, they 

inadvertently contributed to the spread of HCV due to lax sterilization procedures and re-use of 

needles and glass syringes, as described in Section 2.3. The legacy of these campaigns 25 years 

later is a high present-day prevalence of chronic HCV and continued transmission through 

medical and community routes due to the large HCV reservoir in the Egyptian population (Miller 

2010). 

Previous epidemiological studies on HCV in Egypt have examined prevalence, incidence, 

associated risk factors, and the effectiveness of treatment on infection and disease progression. 

Recently, a systematic review (Mohamoud 2013) and meta-analysis (El-Ghitany 2014) have 

attempted to synthesize and summarize these findings. Their conclusions and thus prescriptions 

for addressing the current endemic state of HCV transmission are useful for understanding the 

broad picture of HCV in Egypt but tend to be non-specific and nonconcrete (i.e. more research is 

needed). My research, not only strives to integrate the findings from previous research into a 

cohesive summary of the historical and current elements of HCV transmission, but it also 

produces a tool, a dynamic infectious disease model, that can be used to evaluate the current 

endemic state of HCV in Egypt and project future incidence under different scenarios. The 

purpose of this model is to provide public health officials with data on which to base informed 

decisions or set public health goals. It also provides an opportunity to identify specifically the 

gaps in available data and how they can be filled. For example, as the focus of previous HCV 

modeling has been largely on intravenous drug use (IDU), little is known about HCV modeling 
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for the general population. The proposed model of HCV in Egypt takes a much broader view by 

addressing the multiple sources of HCV transmission and a population much more 

heterogeneous than that of intravenous drug (ID) users. In the course of developing the HCV in 

Egypt model, I recreated the historical infection curve in Egypt, evaluated current transmission 

trends, and identified effective levels of intervention, such as treatment or infection control.   

 

1.2 Specific Aims 

 Considering Egypt’s high prevalence of HCV and evidence for ongoing HCV incidence, 

understanding the dynamics of Egypt’s epidemic and endemic experience with HCV is critical to 

implementing appropriate intervention methods. Two factors complicating the situation are 1) 

the asymptomatic and chronic nature of HCV infection; and 2) the multiple sources of HCV 

transmission in Egypt, which range from historical (e.g. the PAT campaigns), to iatrogenic (e.g. 

hospital admissions, invasive procedures, injections, and blood transfusion), to community 

sources (e.g. anti- HCV+ family members, shared razors, and ear piercings). Due to both of these 

factors, longitudinal cohort studies that allow assessment of incidence rate and associated risk 

factors are difficult and resource intensive. Developing an infectious disease model allows us to 

look at how a variety of factors interact with each other and relate to HCV status in a much more 

economical way. Furthermore it allows us to explore future projections under a range of 

hypothetical scenarios. Finally it can inform public health policy by identifying key routes of 

transmission and establishing intervention goals. 

 

The overall goal of this study is to understand better the characteristics of the HCV 

epidemic in Egypt and to identify effective approaches for controlling and limiting it.  
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Specifically, by evaluating the dynamics of Egypt’s HCV epidemic with a dynamic disease 

model, this study aims to determine how interventions can be most successful in 

interrupting HCV transmission. 

 

Specific Aim 1: To review the risk factors for HCV and evaluate their contributions to HCV 

transmission. A systematic review of the literature was conducted to identify cross-sectional and 

case-control studies that included information on exposure to risk factors, prevalence of HCV, 

and the odds ratio for HCV status and exposure. Subsequently, this data was used to estimate the 

population attributable risk for each risk factor of significance.  

 

Specific Aim 2:  To estimate the historical infection curve based on data in the literature such as 

birth rates, death rates, age distribution, and historical data points for HCV prevalence and 

incidence rates.  

 

Specific Aim 3: To develop the model structure, define its parameters, fit it to the historical 

infection curve, and corroborate it by comparing the present results to what is found in the 

literature. 

 

Specific Aim 4: Finally, to manipulate the model in different ways to ascertain the influential 

parameters (i.e. those parameters that when adjusted cause substantial changes in the model 

outcome) and introduce intervention factors such as treatment or improved infection control. 

Using different scenarios to project future HCV incidence helped identify the most effective 

intervention approaches that reduced transmission of HCV in Egypt. 
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CHAPTER 2 – THE HEPATITIS C VIRUS IN CONTEXT: THE VIROLOGY AND EPIDEMIOLOGY 

 

2.1 Natural History of the Hepatitis C Virus 

An infectious disease model approximates how a pathogen affects a population by 

modeling how persons move from a susceptible state to an infectious state and, depending the 

pathogen and immune response, on to a recovered/immune state or a return to the susceptible 

state. Transitioning between these states, or in modeling term compartments, depends on how the 

pathogen is transmitted, whether there is an incubation period, and how long the infectious 

period lasts. An understanding of the natural history of the pathogen establishes these dynamics 

and determines the fundamental design of the model. 

HCV, a member of the Flaviviridae family, is a small, blood-borne enveloped virus with 

a 9.6 kb long RNA genome that serves as the blue print for 10 protein products: three structural 

(one core- and two envelope-associated proteins) and seven nonstructural proteins such as those 

involved in replication (Thomson and Liang 2000). Due to low fidelity during replication, the 

virus exists as 11 known genotypes (although the first six identified are the ones primarily 

addressed in reports and articles), and hundreds of subtypes and strains (WHO 2014b). 

Genotypes can differ by 30 to 35% in nucleotide sequence, yet, despite this diversity, the 

genotypes remain consistent in their infectivity, persistence, and severity of disease they cause 

(Simmonds 2004). 

The virus’ primary reservoir is humans, where it targets hepatocytes, the principal cells of 

the liver. It was originally recognized in the 1970s with the advent of tests for viral hepatitis B 

(1963) and hepatitis A (1973). Patients exhibited symptoms similar to those associated with 

HBV and HAV, but their blood tests were negative for both giving the disease its initial 
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diagnosis: non-A, non-B hepatitis. In 1989, researchers isolated the virus’ genome and named it 

hepatitis C (Thomson and Liang 2000). 

HCV is spread through contact with infected blood. The main modes of transmission 

include blood transfusion, organ donation, sharing of intravenous needles (including IDU), lax 

infection control in medical settings (Alter 2000), and household or occupational exposure (Chen 

2006). Research has shown that HCV can maintain its infectivity outside a host cell on an 

inanimate surface for as long as 6 weeks. With such a long period of viability, a contaminated 

fomite has a greater opportunity for transmitting the virus to a susceptible person (Paintsil 2014) 

in medical and community settings. Some transmission has been associated with perinatal 

mother-to-infant exposure and sexual contact, though these routes are thought to be less efficient 

than the above modes of transmission (Yeung 2001; Dienstag 1997). 

Once infected, only 20 to 30% of individuals present with clinical symptoms in the acute 

phase. Figure 2-1 outlines a typical infection. Once the virus enters the host, it travels to the liver 

where it begins replication. During the incubation period, the period between exposure to the 

virus and the onset of symptoms, HCV RNA can be detected in the blood 1 to 2 weeks after 

exposure. RNA levels continue to rise until the appearance of symptoms, which occurs between 

2 to 12 weeks (with an average of 7 weeks) after exposure. Rising levels of serum alanine 

aminotransferase (ALT), a liver enzyme whose presence indicates hepatocyte necrosis, become 

detectable around 2 to 8 weeks after exposure. At first, infected individuals experience non-

specific symptoms such as fatigue, anorexia, fever, nausea, and upper right quadrant discomfort. 

This period, known as the preicteric phase, lasts about 2 to 10 days. The icteric phase follows 

with the more characteristic symptoms of jaundice, lethargy, weakness, muscle and headaches, 

and upper right quadrant pain. During the icteric phase, usually 1 to 3 months after exposure, 
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antibodies to HCV are detectable by immunoassay. Symptoms may worsen for 2 to 3 weeks after 

onset before subsiding. Mild symptoms may continue for several months. The disappearance of 

symptoms does not guarantee that the body has cleared the virus. In most cases (55 to 90%), the 

virus persists and leads to a chronic infection, which is defined as the presence of HCV RNA in 

the blood more than 6 months after the acute infection phase (Chen 2006; Hoofnagle 2000). 

 

 
Figure 2-1. Clinical course of acute HCV infection 
 

  
Currently, no vaccine is available for HCV. However, with the goal of developing a 

vaccine, ongoing research is looking at immune responses to the virus and the potential for 

acquiring immunity. A cellular immune response appears to be the primary path the body uses to 

combat HCV infection. A humoral response is evident by the presence of HCV antibody (anti-

HCV). The effectiveness and role of antibodies is not fully understood, although neutralizing 

antibodies are thought to play a part in controlling the infection. The minority of infected 

individuals who spontaneously clear the virus in the acute phase demonstrate a relatively strong 

virus-specific T-cell response compared to those who progress to a chronic infection. These 

individuals also have higher levels of neutralizing antibodies. While those who spontaneously 

clear the virus remain susceptible to reinfection upon re-exposure, and increasing body of 

evidence shows that a proportion of these individuals are more likely to have lower levels of 

viremia upon reinfection and to clear the virus again thereby avoiding progression to chronic 

infection (Law 2013; Elliot 2006).  

Exposure to 
HCV

Incubation 
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Preicteric Period
2-10 days
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Up to 3 months 
(if self-limiting)
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Chronic HCV infection is one of the world’s leading causes of liver disease: 10 to 20% of 

those with chronic infection will develop complications such as cirrhosis, and of these 1 to 5% 

will develop HCC. As a result, 22% of the 500,000 new liver cancer cases that occur annually 

across the globe are attributed to HCV (Lavanchy & McMahon 2000). How the viral infection 

leads to such severe liver disease is not fully understood. The virus does not directly damage the 

liver either by lysing hepatocytes or inserting itself into the host genome and disrupting anti-

cancer cell activity – a mechanism employed by retroviruses and some DNA viruses. Instead, 

injury to the liver tissue appears related to chronic inflammation due to the host’s own immune 

response over a prolonged period (Rehermann 2000). The progression from HCV infection to 

liver disease and the relevant risk factors involved has been the subject of many studies. The 

focus of my study on the other hand is HCV transmission; therefore, I will not discuss chronic 

HCV and HCV-associated liver disease much beyond the above overview except for how it 

applies to HCV-associated mortality. 

 

2.2 Treatment For Hepatitis C 

The standard treatment for HCV until recent advances has been a combination of 

ribavirin and pegylated interferon-α (PEG-IFN-α). The goal of treatment is to cure the individual 

or more specifically achieve a sustained virologic response (SVR). SVR is defined as the 

absence of detectable HCV RNA 6 to 12 months after treatment (McHutchison & Hoofnagle 

2000), which can mean that either viral titer levels are so low as to be undetectable or that the 

host has completely cleared the virus. Regardless of which is the case, patients experience 

improved liver function and decreased ALT levels. 
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Cure rates, however, can vary greatly with the combination therapy: 30 to 80% of cases 

that qualify for treatment achieve SVR (Brass 2006; Zeuzem 2004). The range in this cure rate 

stems from differences between genotypes in their responsiveness to treatment. Individuals 

infected with genotypes 2 or 3 have SVR rates ranging from 60 to 80% when given combination 

treatment over a 24-week period; while those with genotype 1 have 30 to 50% response rates to 

the same treatment over a 48-week period (Zeuzem 2004). The cure rate for those with genotype 

4, the main type in Egypt, falls in between those for 1 and 2 or 3; patients experience SVR rates 

of 50 to 80% with PEG-IFN-α plus ribavirin treatment over the course of 48 weeks (Kamal & 

Nasser 2008). 

In Egypt, the 50 to 80% cure rate is limited to individuals who have access to the 

combination drugs, can afford these drugs, and can tolerate the often-serious side effects that 

lead many to drop treatment before completion. These side effects include nausea, fever/chills, 

myalgia, fatigue, and depression. According to the WHO (2014a), treatment availability remains 

low, especially in low- and middle-income countries. Egypt has made a concerted effort to 

counter this trend and make treatment more accessible. The MOHP’s National Committee for the 

Control of Viral Hepatitis has developed the National Control Strategy for Viral Hepatitis, 

established treatment guidelines, and opened multiple treatment centers (Kaplan 2013; Doss 

2008). By using local production for the treatment drugs, Egypt has been able to bring treatment 

costs down to $2,000 for a 48-week course of treatment of PEG-IFN-α (compared to a high of 

$18,000 in other developing countries) (Momenghalibaf 2013; Doss 2008). While Egypt has 

achieved much with these steps, the question remains: has it done enough to reduce the estimated 
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7.4 million people currently infected,1 and diminish the current infectious reservoir and future 

HCV transmission? 

With such a high global burden of HCV, research has been ongoing to find treatments 

that are more effective and have fewer side effects. In 2011, the United States’ Food and Drug 

Administration (FDA) approved boceprevir and telaprevir, two protease inhibitor drugs that 

prevent viral replication (Maugh 2011). When administered in addition to PEG-IFN-α and 

ribavirin, patients experience significantly improved response rates after a short period of 

treatment. For example triple therapy with telaprevir can reduce the treatment time to 24 weeks 

for genotype 1 (Jacobson 2011). Benhamou et al. (2013) demonstrated in a small, randomized 

trial that the triple therapy is also effective in improving treatment time and efficacy for genotype 

4.  

 In December 2013, the FDA approved two additional drugs to treat HCV infection. The 

first was simeprevir (trade name Olysio), a NS3/4A protease inhibitor that prevents synthesis of 

viral proteins, thereby preventing viral maturation. The drug is administered in conjunction with 

PEG-IFN-α and ribavirin for 12 weeks. Treatment with PEG-IFN-α and ribavirin continues for 

the full 24 to 48 weeks. The success rate for this treatment protocol is as high as 80% in patients 

with no prior treatment history. For patients who have had prior treatment, the success rate was 

65% for those who had showed some response and 53% for those that had no response. 

Simeprevir is only approved for genotype 1 and costs about $66,360 for a 12-week treatment 

(Ryan 2013).  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!Estimated!current!infections!based!the!World!Bank!and!U.N.’s!2008!population!data!(World!Bank!
2014;!UN!2012)!and!on!the!Egypt:'Demographic'&'Health'Survey'2008!report,!which!estimated!that!
9.8%!of!the!population!tests!positive!for!HCV!RNA,!an!indication!of!a!current!infection!(ElXZanaty!
2009).! !
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 The second drug recently approved was sofosbuvir (trade name Sovaldi), which stops 

viral replication by inhibiting the virus’ RNA polymerase. This drug can be administered without 

interferon, which is greatly welcomed since interferon is responsible for the most severe flu-like 

side effects, but ribavirin is still necessary. Successful SVR is seen in up to 80 to 90% of 

treatment cases. Another benefit of sofosbuvir is that it is approved for treatment of genotypes 1 

through 4. However, the drug also comes with a high price tag. A 12-week treatment costs 

around $84,000 (Ryan 2013). Gilead, the pharmaceutical company responsible for Sovaldi, has 

proposed licensing Indian drug companies to produce a version costing $2000 for low-income 

countries (McNeil 2014). Organizations such as Doctors without Borders and WHO are pushing 

for even lower costs (McNeil 2014; WHO 2014a). In the meantime, until the cost of these drugs 

drop, they are not likely to be included in most HCV treatment regimens in Egypt. 

 

2.3 Epidemiology of Hepatitis C Virus 

As mentioned in the Section 1.1, HCV is a significant public health concern with an 

estimated 135-155 million people chronically infected worldwide (World Health Organization 

(WHO) 2011). Given that the most severe results of the disease do not appear until 10 to 30 

years after the initial infection, the full extent of the disease’s financial and health burden remain 

to be seen (Deuffic-Burban 2006). While many strides have been made to reduce transmission, 

including blood screening and improved infection control measures, incomplete adherence to 

standard infection control precautions in overburdened healthcare systems, a lack of knowledge 

regarding HCV and its risk factors (Chemaitelly 2013; Saleh 2014), and IDU have contributed to 

new infections. 
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Figure 2-2 shows the geographic distribution of HCV by prevalence and genotype. Egypt 

has the world’s highest prevalence rate with 14.7% of the population testing positive for anti-

HCV (El-Zanaty 2009). In some older and/or rural subpopulations, prevalence can be as high as 

almost 40% (Darwish 2000). The genotypes with a worldwide distribution are primarily 1, 2, and 

3. Genotype 5 is found almost exclusively in South Africa, and genotype 6 appears to be limited 

to Southeast Asia. Genotype 4 is overwhelmingly predominant in Egypt and other Middle 

Eastern and North African (MENA) countries. 

 
Figure 2-2. Geographic distribution of HCV prevalence & genotypes. The map shows the national prevalence of 
HCV across the globe. It also identifies the proportion of cases by genotype as represented by the pie charts 
associated with each country studied. The numbers to the outside of the pie charts are the genotype number. For 
example, the U.S. has an HCV prevalence between 1% and 2% and the majority of cases are genotype 1a. Egypt has 
a prevalence of greater than 3% with approximately 96% of cases categorized as genotype 4. (CDA 2012) 
 
 In developed countries such as the U.S. and the United Kingdom (U.K.), the source of 

infection for HCV is usually associated with exposure to blood products (i.e. transfusions) prior 

to 1992 after which screening protocols were established (CDC 2008b), and to ID users who 
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share contaminated needles. In Egypt, blood transfusion and other iatrogenic means have played 

a more central role in transmission than IDU, although research indicates that IDU may not be as 

rare in the MENA region as previously thought and that IDU is becoming more common 

(Dewing 2006; Barrett 2013). In addition to medical sources, community-based and intra-

familial transmission is assumed, but specific routes have been difficult to identify (Miller 2010; 

Mohamed 2005; Mohamed 2006; Plancoulaine 2008; Magder 2005).  

The fact that the overwhelming proportion of HCV cases (~90%)(Kamal & Nasser 2008; 

Frank 2000) in Egypt fall into the genotype 4 classification is a strong indicator that the epidemic 

can be traced to a specific source. This source is largely attributed to the large-scale public health 

campaigns to treat schistosomiasis with PAT from the 1950s to the 1980s before an effective oral 

treatment, praziquantel, became available. Frank et al. (2000) made the defining case for this 

connection in an ecological study that reviewed data from the WHO’s Eastern Mediterranean 

Regional Office (EMRO) and Egypt’s MOHP on the administration of PAT and two datasets 

from large-scale HCV studies, one of which was conducted by the MOHP. They found that 

geographic distribution of anti-HCV seropositivity matched the geographic distribution of 

schistosomiasis and the administration of PAT. While the study could not prove causation, the 

overlapping geographical distributions in conjunction with the ample opportunity for HCV 

transmission afforded by the PAT campaigns made a compelling argument for the link.  

Schistosomiasis is a disease arising from infection by the one of the two parasitic worms 

of the Schistosoma genus: S. mansoni and S. haematobium (CDC 2012). The former primarily 

causes gastrointestinal and hepatic symptoms while the latter is associated with urinary 

symptoms. Both sets of symptoms are due to the human host’s inflammatory response to the 

parasitic worms’ eggs (CDC 2012). The worms’ intermediate hosts are fresh water snails of the 
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genus Biomphalaria (for S. mansoni) and Bulinus (for S. haematobium) (Rozendaal 1997). 

Historically, S. haematobium has been the predominate species in rural Egypt, but with changes 

to the habitat caused by the introduction of perennial irrigation techniques 95 years ago and the 

construction of the Aswan Dam in the 1960s, S. mansoni became the predominant species first in 

the Nile Delta and spreading into Upper Egypt (El-Khoby 2000). As S. mansoni became more 

prevalent, the Egyptian population experienced increases in schistosomiasis-associated liver 

disease, which prompted the MOHP to undertake the large-scale PAT campaigns (Strickland 

2006).  

Regarding the opportunity for HCV transmission, Frank et al. (2000) described PAT as 

12 to 16 injections of tartar emetic, a salt compound, over several weeks. Struthers (2007) 

estimates the number of injections to be greater than 9 prior to 1975, and 6 or less after. All 

people aged 6 years and older, who tested positive for the parasites during screening, were 

treated; many rural workers received numerous treatments over their lifetime. While efforts were 

made to sterilize the reusable syringes and needles, the sheer number of patients and the rural 

locations often made this goal impossible. Where sterilization was possible, the equipment was 

often boiled for less than 2 minutes, an inadequate amount of time to inactivate the virus. Given 

these conditions and the fact that HCV infection is often asymptomatic or causes only mild non-

specific symptoms, the virus spread silently through the population, especially in the rural areas 

(Frank 2000; Struthers 2007). 

 The geographic distribution of HCV in Egypt corresponds to the historical distribution of 

schistosomiasis infections (Frank 2000). Lower Egypt, also known as the Nile Delta, has had a 

long history of high schistosomiasis prevalence, which led to the PAT campaigns heavily 

focusing on this region. Accordingly, this area currently has the highest HCV prevalence in the 
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country. Middle and Upper Egypt saw increases in schistosomiasis incidence after the region 

shifted to perennial irrigation with the construction of the Aswan High Dam during the 1960s 

(Abdel-Wahab 1979). Additionally, these regions shifted away from PAT to oral treatment 

nearly a decade before Lower Egypt did (Frank 2000). With a shorter period of intense PAT, the 

populations of these regions also have lower anti-HCV prevalence. Similarly, in the major urban 

centers, Cairo and Alexandria, where rates of schistosomiasis have consistently been much lower 

than in rural areas, the prevalence of anti-HCV among the population is low. 

 In the 1980s, the treatment for schistosomiasis transitioned from injections to the oral 

drug praziquantel. Despite the removal of a significant source of infection, HCV incidence in 

Egypt has continued at relatively high rates. In order to investigate HCV transmission, Miller and 

Abu-Raddad (2010), reviewed relevant HCV incidence and prevalence studies, including the 

Egypt: Demographic and Health Survey (EDHS; El-Zanaty & Way 2009). Through a risk model, 

they estimated that the current national incidence of HCV in Egypt is 6.9/1000 new cases per 

year. Based on 2008 population levels, this rate equates to more than 500,000 new cases every 

year. Another study estimated the annual incidence to be much lower: 2/1000 (Breban 2013). 

However, both incidences of HCV in Egypt are much higher than that in the U.S., which is 

estimated at 5.7/100,000 (CDC 2008a; US Census Bureau 2007).2  

 

2.4 Transmission Risk Factors for Hepatitis C in Egypt 

 Miller and Abu-Raddad’s (2010) study design was not intended to identify routes of 

transmission; however they acknowledge that underfunded, overburdened public health systems 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2!United!States!incidence!rate!calculated!by!the!estimated!number!of!new!cases!in!2007!divided!by!
the!susceptible!population!of!2007!(the!total!population!minus!the!number!of!people!chronically!
infected!by!HCV:! !",!!!

!"#.!"!!"##"$%!!.!!!"##"$% = 0.000057!or!5.7!cases!per!100,000!persons!per!year.!



! 16!

and medical facilities do not have the resources to implement the same level of safety and 

infection control measures employed in developed countries. They also point to an over-reliance 

on injections as the preferred method for administering therapeutics, even when alternative 

methods are available. Talaat et al. (2003) carried out a survey on injection practices in two 

Egyptian governorates, one in the Nile Delta region and one in Upper Egypt. In both 

governorates, rural and urban populations were included. Their findings demonstrated a heavy 

reliance on injections. Approximately 72% (range = 62.4% to 80.4 percent) of households had at 

least one member who had received an injection in the last 3 months. At the individual level, 

about 25% (range = 21.9 to 27.7) of individuals had received an injection in the last three 

months; 8.4% of these individuals reported that the syringe was not safe (i.e. had not been 

opened from sealed sterile package). Almost 60% of these unsafe3 injections were administered 

at a government-supported health facility. Figures 2-3 through 2-5 show Talaat et al.’s (2003) 

results on age distribution of, reason for, and source of injections. 

 

 
Figure 2-3. Age–sex specific prevalence of injections in Lower and Upper Egypt governorates. Talaat et al. (2003) 
reviewed injection practices in Egypt. (Figure 1 in original text) 
 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3!Unsafe!needles!are!defined!as!used!needles!that!are!reused!without!proper!sterilization!techniques.!
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Figure 2-4. Types of injections in Lower and Upper Egypt governorates. Talaat et al. (2003) reviewed injection 
practices in Egypt including the purpose of the injection. Therapeutic injections refer to any drug or vitamin 
administered via injection. “Others” include intravenous infusions and contraceptive injections. (Figure 2 in original 
text) 
 

 
Figure 2-5. Injection administrators in Lower and Upper Egypt governorates. Talaat et al. (2003) reviewed injection 
practices in Egypt and who administered such injections. (Figure 3 in original text) 
 
 Talaat et al. (2003) also looked at the social factors contributing to such high reliance on 

injections for therapeutics. In interviews, respondents stated they preferred injections because, 

“they are powerful and cure faster, circumvent the problems of having to swallow bad tasting 

tablets and stomach upsets caused by pills, and because they are particularly useful for children 

who are always reluctant to swallow medicine.” Talaat’s group also interviewed formal 

healthcare providers, who also demonstrated a preference for injections. When discussing the 

administration of injections, community respondents replied, “an injection is not a sophisticated 
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process and it just needs a trustful experienced person who does not require special skills or 

training.” People who do not have easy access to formal providers usually turn to informal 

providers such as barbers, persons who travel to their homes, friends, relatives, and neighbors. 

 The informal healthcare sector has been considered a potential source of HCV 

transmission. El Katsha et al. (2006) carried out an exploratory pilot study looking at how the 

informal healthcare sector operates in the community. The group looked at two villages, one in 

the Nile Delta region and the other in Upper Egypt, and through interviews and focus group 

discussions, sought to understand better the why people chose informal health providers and the 

scope of the services provided by the informal healthcare sector. Reasons for choosing an 

informal provider included lower cost, easier access, and trust. Many of these providers had been 

working in the area for over 30 years and had built up strong relationships within the community.  

The study categorized the range of roles carried out in the informal healthcare sector in 

the following way. Male providers prescribed medicine, treated wounds and abscesses, changed 

dressings, and circumcised boys and occasionally girls. Where there was no dental clinic, male 

providers offered dental treatments. Dayas, or midwives, attended births, although they did not 

often provide pre- and post-natal care. They also carried out the majority of female 

circumcisions. Most training of male providers and dayas involved apprenticeship with a parent 

or other practicing adult. “Injectionists” were individuals who traveled in an area and visited 

patients in their homes to administer injections. El Katsha et al. (2006) mentioned that these 

injectionists generally use one-time disposable syringes, but proper disposal options were not 

frequently available. Pharmacists also played a significant role in the informal sector. In addition 

to dispensing medicine, they often provided advice, administered injections and occasionally 

treated wounds. Finally, nurses from clinics also provided informal services in their villages, 
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outside their place of employment. The authors were not able to observe directly any differences 

in behavior of these nurses in the formal, clinic setting and in the informal setting. However, they 

did report that while nurses were generally aware of the risk of blood-borne infection, they were 

not beholden to the official regulations outside their primary employer. Nurses also reported 

feeling obligated to conform to the patients’ expectations and limited resources, which may not 

have allowed for them to fully adhere to infection control measures. Nevertheless, efforts to 

encourage villagers to use new disposable needles or limit a needle to their own personal use 

have been made.  

Overall, El Katsha et al. (2006) observed that infection control practices fell far short of 

standard precautions4 in terms of glove use, sharps disposal, and sterilization. However, 

preliminary efforts to improve infection control by educating practitioners about HCV and how 

to reduce transmission risk have shown some promise for improving practices. 

 In light of the evidence that HCV transmission has continued since the end of the PAT 

campaigns, studies over the last 25 years have looked at a variety of risk factors associated with 

HCV status. These risk factors have included injection practices, exposures in the formal medical 

sector, exposures in the informal healthcare sector, and exposures in the community and family. 

A list of many of these risk factors is seen in Table 2-1.  

 
 
 
 
 
 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4!Standard!precautions!are!the!CDC’s!and!WHO’s!basic!practices!for!infection!control.!Under!the!premise!that!
any!specimen!or!patient!contact!could!be!infectious,!they!include!hand!hygiene!such!as!cleaning!hands!with!
an!antiseptic,!use!of!personal!protective!equipment!such!as!gloves!and!gown!or!coat,!safe!injection!practices,!
safe!handling!of!potentially!contaminated!equipment!and!surfaces!such!as!proper!sharps!disposal!and!not!
recapping!needles,!and!respiratory!precautions!(CDC!2011;!WHO2004).!
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Table 2-1. Identification of HCV risk factors in Egypt  
Category Risk  Factors 
Medical  • Hospital Admission 

• Endoscopy 
• Surgery 
• IV Catheter 
• Urinary Catheter 
• Sutures 
• Abscess Drainage 
• Any Invasive Medical Procedure 
• Blood Transfusion 

• Blood Donation 
• Healthcare Worker 
• Birth: Delivery at a hospital 
• Birth: Cesarean section 
• Use of intrauterine device 
• Anesthesia 
• Injections 
• Dental Treatments 

Informal Healthcare • Injections 
• Dental treatment 
• Wound care 

• Circumcision 
• Birth: Delivery at home 

Community  • Shaving at barber 
• Ear piercing 
• Tattoo 

• IV drug use 
• History of Schistosomiasis 
• History of PAT 

Family/Home • Shaving at home 
• Father HCV status 
• Mother HCV status 

• Sibling HCV status 
• Perinatal transmission 

 
 The significance of these risk factors has been evaluated in studies on the association 

between exposure to a risk factor and HCV status; however, a review synthesizing the results of 

these studies with the specific aim of understanding their contribution to transmission has yet to 

be published. In my efforts to model the HCV epidemic in Egypt, I completed such a systematic 

review, which I will discuss in more detail in Chapters 4 and 5. 
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CHAPTER 3 – CRITICAL REVIEW OF DISEASE MODELING 
 

The purpose of this chapter is review dynamic modeling in general and the previous 

models of HCV transmission and of other diseases with the goal of examining how these models 

might inform my model on transmission of HCV in Egypt. 

 
 
3.1 Review of Infectious Disease Modeling 
 
 The modeling technique I used is a deterministic compartmental dynamic infectious 

disease model, which examines how persons in a given population pass from one compartment 

or stage of an infectious disease to the next. Figure 3.1 shows the prototypical SIR model, which 

includes compartments for susceptible persons (S), infectious persons (I), and recovered or 

removed persons (R). Recovered or removed persons refers to those individuals who are not 

infectious and also have acquired immunity either through recovering from the disease or getting 

vaccinated and are no longer susceptible to infection. Since I am looking at the disease dynamics 

in a national population, I have chosen a deterministic model as opposed to a stochastic model, 

which incorporates chance. Chance would have a much larger impact on a small sample 

population. With a very large population on the other hand, I am more interested in the average 

impact of the disease (Vynnycky 2010).  
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Figure 3.1: Basic SIR Model with population dynamics included. S = the population of susceptible individuals; I = 
the number of infectious individuals; R = the number of individuals who have recovered and have immunity. 

 

The dynamics of the model are shown in Figure 3.1 by arrows signaling persons moving 

in and out of the compartments. For example, new births enter compartment S while those who 

become infected or die from non-disease related causes leave compartment S. Those who 

become infected move into compartment I. Those infected who recover or die from disease- and 

non-disease-related causes leave compartment I. Those who recover enter the compartment R. A 

system of differential equations calculates the changes in these numbers based on the values of 

the parameters and the number of time units cycled through.  

The parameters or rates of entering and exiting a compartment are derived either from 

values found in the literature or through fitting the equations to data. The birth (µb) and general 

mortality (µd) rates are based on demographic databases such as those maintained by the World 

Bank or the United Nations Population Division. If the population modeled is determined to be 

static, then µb = µd. Disease-associated mortality rates can be found in the medical literature. The 

rate at which individuals move from the S compartment to the I compartment is measured by the 

force of infection (FOI; λ), which is “the risk that a susceptible person becomes infected between 

time t and t+1.” (Vynnycky and White 2010). More specifically, it is the risk of a susceptible 
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person coming into contact with an infectious source such as an infectious person or a 

contaminated fomite and the probability that infection of the susceptible person occurs in a given 

time unit. The “per capita rate at which two specific individuals come into effective contact per 

unit time” (Vynnicky and White 2010) is referred to as the effective contact rate (β), where an 

effective contact is “a contact which would be sufficient to lead to an infection, were it to occur 

between a susceptible and an infectious individual” (Vynnicky and White 2010). The FOI, relies 

both on β and the number of infectious individuals in a population, therefore λ = β x I. The 

recovery rate (r) is the proportion of individuals who recover in a given time unit and has an 

inverse relationship to the duration of the infectious period (D): ! = !1 D (Vynnycky and White 

2010). For example, if the duration of a disease is five days, one person recovers every five days 

or 20% of infected persons recover each day. Similarly, mortality rate is often defined as the 

inverse of the average life expectancy. 

The SIR model is only one type of model. Other models may only have compartments for 

susceptible and infectious persons (SI model) if the disease is chronic and untreatable. For self-

limited or curable diseases in which recovery does not confer immunity, recovered individuals 

return to the susceptible compartment (SIS model). Finally, some diseases are not directly 

transmitted from person-to-person through direct contact, but instead they require a vector of 

some type to transmit the infection. Malaria and Lyme disease are two examples that require 

respectively a mosquito or tick to transmit the pathogen from one individual to another. Food-, 

water-, and blood-borne diseases require an external factor for transmission such as 

contaminated food or water for the first two categories or an instrument contaminated by blood 

that comes into contact with another’s blood for the third. Medical instruments, blood products, 

IDU syringes and needles, razors, knives, etc. are all examples of the latter. Models with this 
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external source of infection include the rate of contact between the external source and infectious 

population, the dynamics of this external source (e.g. mortality rate of mosquitos or the rate of 

sterilization/disposal of contaminated syringes before reuse), and the rate of contact between 

susceptible individuals and the external sources.   

 

3.2 Previous Models on Hepatitis C 

 The main source for HCV transmission in developed countries has been blood 

transfusions, exposure to blood products prior to 1992, and IDU (CDC 2008a); although, for 

many infected individuals the source of infection remains unknown. Since the implementation of 

blood screening, IDU has become the main source of transmission in developed countries, 

therefore most modeling studies focused on the dynamics of this population. There are also a few 

advantages to modeling HCV in this population: 1) there is one primary source of infection, 

shared needles; 2) the population is defined and relatively insulated; and 3) decades of research 

have provided data on ID user behavior.5 

In one study in the U.K., investigators used a mathematical model to assess the impact on 

transmission rates of two different approaches to treating HCV among ID users (Martin 2011). 

The basic model structure they used is shown in Figure 3-2.6 In this model, Martin et al. (2011) 

determined that the acute phase of a hepatitis C infection was too short relative to the potential 

length of a chronic infection to merit a separate infectious compartment. The values for many of 

the parameters, such as mortality rate, and rate of exiting HCV treatment were derived from the 

literature on drug use and treatment success. The rate at which ID users entered the model was 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5!A!cursery!Internet!search!in!the!websites!for!the!US!National!Institute!on!Drug!Abuse,!the!CDC,!the!WHO,!
and!UK!health!organizations!revealed!a!number!of!reports!on!IDU!statistics!and!behavior.!
6!The!variable!terms!used!by!Martin!et!al.!(2011)!were!X!for!susceptible!IDUs,!C!for!those!chronically!infected,!
T!for!those!in!treatment,!and!Z!for!recovered!individuals.!I!substituted!S,!I,!T,!and!R,!respectively,!to!maintain!
consistency!among!models!studied!and!allow!for!easy!comparisons.!
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set equal to the exit rate to maintain a static population. The infection rate was manipulated to 

produce a range of untreated equilibrium prevalence values among ID users. The rate at which 

infected drug users entered treatment was set as a function that measured either a proportion of 

infected ID users entering treatment or a fixed number of ID users; the goal was to evaluate the 

relative effectiveness of each approach to treatment enrollment (Martin et al. 2011).  

 
Figure 3-2. Martin et al. (2011) HCV Model schematic: S=susceptible; I=infectious; T=in treatment; R=recovered 
w/ immunity 
 

Another study modeled ID users in the U.S.. The purpose of this study was to establish 

FOI among ID users and to evaluate the effect of a vaccination program should a vaccine for 

HCV be developed (Dontwi 2010). Figure 3-3 shows the fundamental dynamics of the Dontwi et 

al. (2010) model. Unlike the Martin et al. (2011) model, this model included an acute infectious 

phase compartment. Since the model’s time unit is in months and the acute phase usually lasts 

approximately 3 to 6 months, this compartment makes sense.  
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Figure 3-3. Dontwi et al. (2010) HCV Model schematic: S=susceptible; A=acute infection; C=chronic infection; 
R=recovered with immunity 
 

The FOI included the rate of contact (in this case the rate of borrowing injecting 

equipment) multiplied by the probability of transmission based on either acute or chronic stage 

status. Equation (1) shows this relationship with k as the contact rate, ba and bc the probability of 

transmission given acute or chronic status respectively, and A(t)/N(t) and C(t)/N(t) as the 

proportions of the population acutely or chronically infected, respectively. 

 

! ! = ! !! ! !
! ! + !!

! !
! ! !!!     (1) 

 
In this model, the authors estimated the transmission parameters to be ba = 0.3 (acute phase) and 

bc = 0.003 (chronic phase). The recovery rates for acutely and chronically infected were defined 

as 5 and 0.01, respectively. Dontwi et al. (2010) included a range of k values to show the impact 

of contacts on the force of infection over time, which is shown in Figure 3-4. 
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Figure 3-4. Dontwi et al. (2010) The force of infection at different frequency of k contacts (Figure 2 in original text) 
 

 

Corson et al. (2012) modeled HCV transmission among ID users in Glasgow, Scotland. 

In the diagramed model in Figure 3-5, the susceptible populations are divided into a naïve group 

and those who had recovered from a previous infection. The acute phase is divided into the 70-

80% whose infections will progress to the chronic stage and the 20-30% who will spontaneously 

clear the infection without intervention. According to this model, reinfection does not change the 

probability that the infection will progress to the chronic stage or resolve itself. As with the 

previous two models, Corson et al. (2012) included a compartment for acquired immunity.  
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Fig 1(a): Transmission for (S, A, C, R),                             Fig 1(b): Transmission for (S, A, C, R), 

                              k=10                                                                                         k=20 
The duration-dependent force of infection was 
estimated by the model at different contact rates k. 
The Figure 2 below shows the estimated forces of 
infections at different values of the frequency of 
sharing injecting materials, k. 
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Fig 2: The Force of infection at different frequency of k 
contacts 
From figure 2, there is a very steep increase in the 
force of infection at shorter durations for higher 
sharing frequencies (k=25, 20). For lower sharing 
frequencies i.e. k=5, 10, 15, the force of infection 
rises steadily over the duration of exposed. In all 
circumstances, the force of infection declines after 
reaching the peak but it does not diminish to zero yet 
after 120 months of exposure. 

Studying the impact of vaccination: Let us first 
consider the case of no vaccination (p=0). As an 
example we take a modest R0=10, ı1= 5yr-1, 
ı2=0.01yr-1 in a population with birth and death rate 
µ=1/70yr-1. The infection is introduced with an initial 
‘seed’ corresponding to 0.0001 yr-1. The time window 
considered is in years. 

 
Fig 3(a): Susceptible with no vaccination 
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Figure 3-5. Corson et al. (2012) HCV Model schematic: S(x & x1) = susceptible; A(h1 & h2) = acute infection; C(y) 
= chronic infection; I(z) = Immune. The lower case letters in the parentheses are the variables used in the model and 
appear in the subscript of some of the parameters listed below. S, A, C, and I are included for easier comparisons 
with other models. 

 
The infection rate or FOI estimated by Corson et al. (2010) is given by the function:  
 

! = !(1− !)(!! !!! + !!! + !!!!)     (2) 
 
Where7:  
λ 
Φ 
αh, αy 
βh1, βh2, βy 

Average rate of sharing needles 
Probability that needle will be successfully sterilized before reuse 
Transmission probabilities related to acute and chronic infections, respectively 
Fractions of h1 acutely infected, h2 acutely infected, and chronically infected 
needles/syringes 

 
 A notable component of this model is that needles and syringes are also modeled in the 

system of differential equations. The number of needles/syringes at time t is represented by the 

variable m, and the proportion of needles to ID users is represented by γ = n/m, where n is the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7!The!Corson!et!al.!model!moves!away!from!the!parameter!designation!that!I!have!used!so!far!as!shown!in!the!
parameter!definitions!that!are!listed!below!Equation!(2).!In!subsequent!models,!I!will!return!to!my!original!
parameter!definitions.!

S(x) S(x1)

A(h1) C(y)

A(h2) I(z)

Infection 
rate

Recovery 
rate

Progression 
to chronic 

state

Infection 
rate

Infection 
rate

Recovery 
rate

Recovery 
rate

Corson et al. 2012
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population of ID users. The turnover rate or rate at which ID users exchange used needles for 

clean is represented by τ. The following Equations (3), (4), and (5) represent the changing 

proportions of the 3 categories of infectious needles (acute newly infected, acute re-infected, and 

chronically infected) within the IDU community. πh1, πh2, and πy represent the fraction of ID 

users in the acute h1, the acute h2 and the chronic y compartments, respectively.  Arranging the 

model this way allows for different exposures to have different effects within the model. 

!!!!
!" = !" !!! − !!! − !!!!     (3) 

 
!!!!
!" = !" !!! − !!! − !!!!     (4) 

 
!!!
!" = !" !! − !! − !!!      (5) 

  
 Other studies modeling HCV took approaches other then dynamic compartmental 

models. One such study sought to reconstruct the HCV epidemic in France to better understand 

the future disease burden of HCV-associated chronic liver disease including cirrhosis and HCC 

(Deuffic 1999). Their method involved using back calculation to develop a historical infection 

curve based on HCC deaths attributable to HCV. Using this historical infection curve, the 

researchers quantified the progression from HCV infection to liver disease and estimated the 

projected number of HCC deaths resulting from HCV. This group replicated this process in 

Egypt (Deuffic-Burban 2006) and produced the historical curve seen in Figure 3-6. This curve 

shows the incident number of HCV cases each year. The model assumes that the infection curve 

grew as a logistic function. To mimic the end of the PAT campaigns in the 1980s, the researchers 

implemented an arbitrary 50% reduction in incidence for the year 1985 and assumed an endemic 

steady state of infection after 1985.  
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Figure 3-6. Historical HCV incidence curve in Egypt by Deuffic-Burban et al. (2006), estimated through back 
calculation of infection incidence based on HCV-attributed HCC deaths. 
 
3.3 Other Disease Models 
 
 One of the difficulties in modeling HCV transmission is that direct person-to-person 

transmission is not the main source of infection. As mentioned in section 2.4, sexual contact and 

perinatal exposures are generally viewed as inefficient modes of transmitting the virus. The 

majority of infection occurs through indirect exposure. In the example of ID users, one infectious 

user may share a contaminated needle with another susceptible user, and the needle is viewed as 

a vector. Alternatively, the population of contaminated needles could be viewed as a reservoir for 

infection. Two infectious disease models that represent these dynamics are the malaria model, 

for which the mosquito is the vector, and the cholera model, where the bacterial populations in 

water used for drinking and cooking is the infectious reservoir. 
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Modeling malaria was one of the first efforts in modeling the dynamics of infectious 

disease. The basic model for malaria is captured in the following two equations (Anderson and 

May 1991), which represent only the infectious populations of humans and mosquitos. The 

equations for susceptible individuals and those who have acquired a degree of immunity are not 

shown. This system is very simplistic in its representation, but the interactions between these two 

populations have parallels in the dynamics of HCV and its transmission through equipment that 

comes into contact with blood. For example, the Corson et al. (2012) model uses aspects of the 

!"
!" = !!" !!!!!!(1 − !) − !"      (6) 

 
!!!
!" = !"#(1 − !!) − !!!      (7) 

 
Where:  

y Proportion of infectious humans 
ŷ Proportion of infectious mosquitos 
!! !⁄  Ratio of the number of mosquitos per human host 
a rate a single mosquito bites a human 
b proportion of infectious bites on humans that produce infection in human 
c proportion of bites by susceptible mosquitos on infected humans that cause infection in 

mosquitos 
γ per capita rate of human recovery from infection (1/γ = average duration of infection) 
µ per capita mortality rate for mosquitos 

 

 
Figure 3-7. Anderson & May (1991) Simple malaria model schematic 
 
!
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malaria model in its modeling of ID users, where the ratio of the mosquitos to host is similar to 

Corson et al.’s ratio of ID users to needles. Also the mortality rate of mosquitos is a parallel to 

the rate at which exposed equipment (whether used by ID users, medical professionals, or 

informal healthcare providers) is sterilized or properly disposed and thereby removed as a source 

for transmission. The malaria model diverges from the HCV model because mosquito population 

dynamics are independent of the human population dynamics and activities. With HCV, on the 

other hand, the contamination of infection sources and exposure of susceptible persons is wholly 

dependent on human activities. For example, when considering injection practices in Egypt, the 

number of contaminated injections depends on both the Egyptians’ preference for therapeutic 

injections over oral or topical treatment and infection control measures. If more individuals 

chose oral or topical treatment over injections or adhere to standard precautions, they would 

effectively “reduce” the injection population as an HCV-source. Similarly, when infected blood 

products are screened and discarded, the population of contaminated HCV sources drops.  

 In the cholera model, susceptible individuals come into contact with contaminated water 

and become infected by the bacteria. Infectious individuals come into contact with the water 

source, usually through poor sanitation systems, and contribute to the bacterial contamination. 

Figure 3-8 shows the dynamics of this model. In this scenario, the water serves as the facilitator 

of indirect transmission similar to the way medical equipment can transmit infection in a hospital 

or clinic. As with malaria, the Vibrio cholerae can persist in an aquatic environment, 

independently of the human host. The model therefore has the additional compartment for the 

bacterial population. HCV, on the other hand, is a virus with no natural host other than humans; 

therefore a viral reservoir independent of humans is not possible.  
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Figure 3-8. Fung (2014) Cholera model schematic: outlining the contribution of an external reservoir for infectious 
sources 
 
 Each of the models covered in this section had a role in shaping my model of HCV 

transmission in Egypt, from mapping the dynamics, to developing the system of differential 

equations, to defining the parameters. I will discuss their specific contributions in more detail 

Section 4.5. 
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CHAPTER 4 – METHODOLOGY 

 

4.1 Historical and Background Data for Hepatitis C in Egypt  

As statistician George E. P. Box wrote, “All models are wrong, but some are useful”. In 

other words, no model can perfectly reflect all aspects of a system. Systems can be infinitely 

complex, especially those involving infectious disease, and to try to capture all of the intricacies 

in a model would result in an outcome too convoluted to understand or be meaningful. Therefore 

the goal is to strike a balance between enough and too many details. The first step to 

understanding the context of HCV in Egypt and how I might apply a dynamic model was to 

conduct a general literature review that identified articles and books falling into one of four 

categories: 1) the virology of the hepatitis C virus; 2) the epidemiology of HCV, especially in 

Egypt; 3) mathematical models for HCV and other relevant diseases, and 4) general modeling 

and mathematical techniques. The first category involved the natural history, routes of 

transmission, and the available treatments for HCV and their efficacy. The second set of papers 

identified the scope of HCV as a health concern in Egypt and the circumstances that contributed 

to the epidemic rise and current endemic state of HCV in Egypt. They also covered how HCV 

affected certain subpopulations within Egypt such as pregnant women, children, rural 

communities, patients diagnosed with acute HCV, healthcare workers, and populations living in 

different geographical regions. The results of the literature review for both of these categories are 

covered in Chapter 2. The results of the third category of this general literature review is 

summarized in Chapter 3, where I examined how other research groups explored modeling HCV 

and how these models could contribute to building my model. Finally, in the fourth category, I 

studied other modeling and demography techniques, which would allow me to better tailor my 
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model to meet my specific needs. The results of the fourth category are integrated into the 

methodology discussed in this chapter and in Chapter 5. In addition to the general review of 

literature, conducted a systematic review of the literature on HCV risk factors in Egypt, and I 

identified databases with information on demographics in Egypt from 1950 to the present.  

 

4.2 Assessment of Hepatocellular Carcinoma Study Control Group 

 In an initial approach to modeling HCV in Egypt, I anticipated using the control group in 

case-control study on HCC (subsequently referred to as “the HCC study”) as the population on 

which to base the model. The purpose of the HCC study was to improve understanding of the 

etiology of HCC. Researchers from a coalition of U.S. and Egyptian institutes collected data 

between 2001 and 2010 on Egyptian residents who lived in the Cairo-Giza metropolitan area and 

in surrounding governorates. Cases were defined as those diagnosed with HCC and were 

recruited at the National Cancer Institute-Cairo. Controls, recruited at Cairo University’s 

orthopedic hospital, were selected to frequency-match the cases on sex, age category (five-year 

age groups), and current residence type (i.e. rural or urban). Details of case and control 

enrollment, case confirmation, interview procedures, and participation have been previously 

described in detail (Ezzat 2005).  

Inclusion criteria were being over the age of 17, having residence in Egypt for at least a 

year, and having the competence to complete the survey. The total number of participants was 

2,079: 563 pathology-confirmed cases and 1,761 controls. Both groups were assumed to come 

from the same socio-economic level since both medical facilities where recruitment occurred 

provided state-sponsored healthcare and served the same geographic region.  
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Due to the nature of matching controls to HCC cases, which are generally older males, 

the control group had a higher proportion of males than the general population and was biased 

towards older age groups. Comparison with the EDHS sample confirmed that the control group 

for the HCC study was not representative of the national population. However, when I limited 

the comparison to the male population, I found that the HCC study was representative of the 

older male population in Egypt in terms of prevalence and risk factor exposure. A more complete 

description of the HCC study and how it compared to the EDHS is found in Appendix A.  

Since the HCC study was not representative of the general population in Egypt, I did not 

use this data to build my model.  

 

4.3 Assessing Risk Factors for Hepatitis C in Egypt 

As reviewed in Section 3.2, the majority of studies modeling HCV addressed 

transmission of HCV among ID users, a relatively closed community with one primary source of 

infection: shared needles and syringes. However, IDU has historically been a much smaller 

factor for HCV transmission in Egypt relative to developed countries such as the U.S.. 

Furthermore, while the PAT campaigns contributed to the epidemic rise of HCV in Egypt, the 

current endemic transmission occurs through a variety routes.  

In addition to the general literature review on HCV and modeling, I also completed a 

more narrowly focused systematic review of studies on HCV transmission risk factors in Egypt. 

After identifying the risk factors, I assessed their contributions to transmission. I began by 

searching the PubMed database using the key words Egypt, HCV, hepatitis C virus, and 

transmission. I then limited the results to include only cross-sectional and case-control studies 

that examined medical and/or community-based transmission risk factors for HCV in Egypt. 
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Further inclusion criteria were that the studies had information on HCV prevalence, proportion 

of the sample exposed to the risk factor, and the odds ratios, or enough information to calculate 

any of the above parameters. In general, risk factors were limited to potential means of 

transmitting a blood borne pathogen such as invasive medical procedures or injections. I also 

included intra-familial transmission, which has been shown to occur in a number of the studies 

included in this review as well as in others that did not meet this review’s criteria.  

Associations between age, gender, and residence with HCV status were reviewed to 

elucidate how HCV was distributed throughout the sample populations and whether these factors 

affected the association between HCV status and the risk factors; however these data were 

considered more in depth in the general literature review described in Section 4.1. Finally, in an 

effort to focus more on recent and current routes of HCV transmission, no study published prior 

to 2000 was included in this systematic review. Studies that produced multiple publications were 

reviewed to determine any redundancy in the results and/or study populations. Where there was 

redundancy, the report that best met the inclusion criteria was kept. Where there was no 

redundancy, both reports were included. 

The relative importance of HCV transmission risk factors in the cross-sectional and case-

control studies was assessed by calculating the population attributable risk (PAR) based on 

Levin’s formula, Equation (8), which uses the proportion of the population exposed to a risk and 

the relative risk of developing the disease. Since the data reviewed came from case-control 

studies and cross-sectional surveys, and HCV prevalence meets the “relatively rare” standard8, 

odds ratio were used instead of relative risk. PAR calculations were limited to those variables 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8!The!relatively!rare!assumption!for!diseases!is!often!defined!as!diseases!having!less!than!a!10%!prevalence.!
While!Egypt’s!prevalence!is!estimated!to!be!14.7%,!a!large!portion!of!these!cases!occurred!decades!ago.!The!
current!incidence!is!relatively!low,!as!will!be!described!in!subsequent!sections.!Furthermore,!the!probability!
of!exposure!across!a!sample!is!largely!constant!across!a!sample.!(CSTPedia!2012)!
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that had statistically significant odds ratios. Because access to each study’s data was limited to 

only what was published in the reports, a more detailed and nuanced calculation of the 

attributable risk or attributable fraction (AF) was not possible; however, whenever the 

investigators calculated the AF, I reported it along with my PAR calculations.  

 
%!"# = ! !!× !!!!

!!× !!!! !!×100      (8) 
 
 

One difficulty in my effort to broadly compare studies on transmission risk factors was 

the wide variability in the methodologies used and the particular information collected in each 

study. For this reason the PAR in my review was used as a qualitative metric to compare the 

relative importance of a risk factor across studies. As such, I ranked each risk factor within a 

study by PAR and compared the rankings between studies to ascertain whether any patterns 

emerged. Next I noted the number of studies that reviewed a risk factor and the number of those 

in which the risk factor was significantly associated with HCV status and therefore had a PAR 

value assigned to it. In the final step of this analysis, I excluded all risk factors that were included 

in less than three studies or were significant in less than two. To organize the risk factors for 

better comparison, I assigned them to the following groups: 1) “informal”, which includes 

practices most likely seen in the informal healthcare sector; 2) “formal”, which covered practices 

carried out in the formal healthcare sector; 3) “injections”, which can bridge both the informal 

and formal healthcare sectors; 4) “IDU” to which only a subpopulation in Egypt would be 

exposed; and 5) “history of PAT”, a historical rather than current risk factor.  
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4.4 Egypt’s Historical Hepatitis C Incidence Curve 

 Before I could begin building a dynamic infectious disease model for HCV transmission 

in Egypt, I had to understand how the current situation arose. Specifically, my model needed 

historical data on which to be based. Most studies measured HCV prevalence by testing serum 

for the presence of anti-HCV. The technical reason for this is that the test for antibodies (the 

enzyme-linked immunosorbent assay or ELISA) is relatively inexpensive, rapid, and widely 

available, compared to the tests that detect the presence of RNA (Carey 2003). Testing for anti-

HCV also gives a better picture of the extent of HCV exposure in the population as opposed to 

only those currently infected. Therefore, references to prevalence refer to anti-HCV 

seropositivity unless noted otherwise. 

Pybus et al. (2003) estimated that the prevalence in Egypt prior to the epidemic was 

around 1-2%, a proportion similar to the current prevalence in other MENA countries that never 

experienced an epidemic spike in HCV cases. In the early 1950s the HCV epidemic began with 

the scaling up of the PAT campaigns (Frank 2000; Deuffic-Burban 2006; Pybus 2003). From the 

late 1970s through the 1980s, the PAT campaigns across Egypt ended, removing a significant 

source of infection. Nevertheless research on children never exposed to PAT (Mohamed 2006; 

Saleh 2010; Said 2013), indicated that transmission continued (Miller and Abu-Raddad 2010). 

The current prevalence of anti-HCV in the Egypt population remains around 14.7% (El-Zanaty 

and Way 2009). The pattern of infection between the beginning of the epidemic and the current 

endemicity is largely unknown.  

 Deuffic-Burban et al. (2006), through their back calculation method, proposed the best 

estimate of the historical incidence curve found in the literature (Figure 3-6). The group assumed 

that the infection grew as a logistic function, but did not provide the equation. Therefore, I began 
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by assessing how closely their curve aligned with other data in the literature; I manually 

measured incidence data points from the Dueffic-Burban et al. (2006) curve and used the Curve 

Fitting Tool in Matlab R2012a student-use software to fit a function to these data points. Since 

the Deuffic-Burban curve cuts off at 1985, well before the upper limit asymptote (Figure 3-6), I 

tried fitting both exponential and logistic population growth functions, Equations (9) and (10) 

respectively, to find the best fit.  

 
!(!) = !!(!)(!!!"#$)      (9) 

 
!(!) = !

!!!!!!(!!!"#$)      (10) 
Where the generic parameters are: 
a growth rate 
b initial population value 
K carrying capacity or value of upper asymptote  
 

To gauge the appropriateness of the initial population value found by the Matlab’s curve 

fitting tool, I calculated incidence for the period 1950 to 1951. Using the average pre-epidemic 

HCV prevalence, 1.5%, proposed by Pybus et al. (2003), I estimated the number of exposed 

persons in 1950 and 1951. Egypt’s population was growing at the time, so there were a larger 

number of exposed individuals in 1951; therefore, by keeping prevalence constant from 1950 to 

1951, the additional cases in 1951 represent the incident cases for that period.  

Once I fit the Deuffic-Burban curve, I calculated the prevalence predicted by the curve 

for the time periods covered. The first period, which includes the epidemic growth of HCV in 

Egypt, spans from 1950 to 1985, and the cases that arose in that period are hereafter referred to 

as Cohort A. To get the 1985 prevalence, I took the integral of Equation (11) multiplied by the 

survivorship term, which represents those in the cohort that survived until 1986, and then divided 

the total number of cases by the 1985 population as reported by the U.N., Population Division 
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(UN 2012) (Equation (14)). The reason the integral spanned from 1950 to 1986, as opposed to 

1985, was to calculate the prevalence of HCV exposure at the end of 1985. 

!!"(!) = ! !
1+!!(!)(!−1950)          (11) 

 
!!"(!) = 0.5 !

!!!!(!)(!"#$!!"#$)          (12) 
 

!!"(!) = 0.25 !
!!!!(!)(!"#$!!"#$)         (13) 

 

!"#$!"#$ =
!!"(!)!!!!(!"#$!! !"!"#$

!"#$
!"#$!!"!           (14) 

 

!"#$!""" =
!!"(!)!!!!(!"#$!!) !"!"#$

!"#$ !!!"×!! ! !!"(!)!!!!(!""#!!) !"!""#
!"#$

!"""!!"!      (15) 
  

!"#$!""# =
!!"(!)!−!!(1986−!) !"

1986
1950 !−23×!! + !!"(!)!−!!(2001−!) !"

2001
1986 !−8×!! + !!"(!)!−!!(2009−!) !"

2009
2001

2008!!"!   (16) 
Where: ADB = Cohort A in the Deuffic-Burban Curve       

  BDB = Cohort B in Deuffic-Burban Curve       
CDB = Cohort C in the Deuffic-Burban Curve       
µd = mortality rate (number of deaths/population per year)    

  
Continuing with the methods employed by Deuffic-Burban et al. (2006), I estimated a 

50% drop in incidence for the period between 1985 and 2000, the year that Deuffic-Burban et al. 

(2006) ended their calculations, and used that value to represent the annual incidence in the post-

1985 steady-state endemic period (Equation (12)). I then added the total number of surviving 

cases from Cohort A (based on the survival term !!!"×!! ) to the number of new cases arising 

between 1986 and 2000, hereafter referred to as Cohort B, in Equation (15). I accounted for the 

cases in Cohort B who died between 1986 and 2000 in the same way that I did for Cohort A. The 

last step for this period involved dividing the sum of Cohort B and Cohort A survivors by the 

2000 population to estimate the HCV prevalence at the end of 2000 (Equation (15)).  

The final phase in assessing the Deuffic-Burban curve was to extend the steady-state 

endemic incidence to 2008. For the period from 2001 to 2008, the cases of which I referred to as 

Cohort C, I imposed another 50% decrease to account for the full implementation of blood 
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products screening and reduction of transfusions as a source for HCV infection (Equation (13)). 

Although the Egyptian National Control Strategy for Viral Hepatitis 2008-2012 states that the 

Egyptian blood supply has been screened for HCV since 1993 (Doss 2008), unofficial and 

anecdotal reports indicates that full implementation did not occur immediately. Allowing for 

time to establish the administrative and laboratory network and to implement the protocols for 

nationwide blood screening practices, I set the year 2000 as a reasonable estimate for achieving 

full national blood screening coverage. 

Once I had plotted the final segment of the extended Deuffic-Burban infection curve, I 

added the Cohort C cases to the surviving cases from Cohorts A and B. The total number of 

cases estimated to be alive at the end of 2008 was divided by the 2008 population to generate the 

anti-HCV prevalence in 2008 (Equation (16)). I compared this number with the prevalence 

calculated in the EDHS (El-Zanaty and Way 2009).  

In Equations (11) through (16), µd represented the average mortality rate for the period 

covered. Of note, (15) and (16) include a term !!!×!! , where t is the number of years in the 

cohort period. This term represents the survival rate of the previous cohort over the period of the 

subsequent cohort. This so-called “cohort survivorship” is critical to accurately reflect the 

contribution of each cohort to the prevalence. 

When the prevalence values for 1985, 2000, and 2010 estimated from the replication of 

the Deuffic-Burban infection curve did not agree with prevalence estimates from other studies 

around those dates, as will be discussed in Chapter 5, I reviewed alternative calculations for the 

historical curve. Early estimates of HCV prevalence in Egypt range from 8.7% to 40% (Medhat 

2002; Darwish 2000). Frank et al. (2000) reported that the prevalence around 1990 was ~20%. 

Arthur et al. (1997) estimated prevalence of blood donors in 1993 to be 24.8%. With the 
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assumption that prevalence was higher at the end of the PAT campaigns in 1985, five years 

earlier9 than the Frank et al. (2000) estimate, but not as high as prevalence seen among blood 

donors, which is a group often found to have higher HCV prevalence than community-based 

samples (Darwish 1992; Darwish 1994; Plancoulaine 2008; Arafa 2005), I estimated that the 

1985 prevalence was around 23%.  

 By 2000, I estimated that the prevalence had dropped to 18%. By 2008, the prevalence 

was 14.7%, as reported in the EDHS. Based on these estimates for prevalence, I calculated the 

total number of cases that would have to be alive at each time point based on the population for 

that year. These are the “ target case numbers” to which I will subsequently refer. 

Additionally, I disagreed with the assumption in the Deuffic-Burban et al. (2006) model 

that following the end of the PAT campaigns incidence dropped by 50% and then continued at an 

unchanging level. Instead I began with the hypothesis that the incidence curves of the three 

periods (or cohorts) would look more like the graph shown in Figure 4-1. Although the logistic 

growth function fit the Deuffic-Burban curve most closely, I began with the exponential curve to 

estimate my historical curve. The logistic growth function included the additional carrying 

capacity (K) parameter for which I had no independent source for verification; it added 

complexity with little return on improved validity. The incidence for Cohort A therefore would 

grow exponentially, the incidence for Cohort B would decay exponentially, and the incidence for 

Cohort C would further decay exponentially. The initial incidence for Curve A was the incidence 

needed to maintain 1.5% prevalence in the 1950 to 1951 population growth. The initial values 

for Curves B and C were the final values of the previous curve. Figure 4.1 shows a hypothetical 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9!The!higher!prevalence!accounts!for!a!smaller!population!in!1985!and!includes!the!cases!that!died!between!
1985!and!1990.!
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depiction of the historical incidence in Egypt.  All mathematical calculations were carried out by 

Matlab R2012a student use software. 

 

    
Figure 4-1. Hypothetical historical incidence curve in Egypt: exponential growth for Cohort A and exponential 
decay for Cohorts B and C. The dashed lines represent the annual survival for Cohorts A and B during subsequent 
cohort periods, which is factored into the HCV prevalence for each year of interest (1985, 2000, and 2008). 
 

To calibrate the curves so that the sum of the integrals matched the target prevalence 

estimates for the ends of each cohort period, I had to address a number of variables. Mortality 

rates were an influential parameter (i.e. those parameters that when adjusted caused notable 

changes in the model outcome), so ensuring they reflected the actual mortality rates experienced 

in the anti-HCV+ population was important. The group covered a broad range of ages; therefore I 

needed an estimate of the age-distribution, how the cohorts moved through the age groups, and 

the impact these factors had on mortality rates. Without historical data available on age at 

infection, I began with the simple assumption that the age distribution for new HCV cases 

matched the age distribution for the general population. Using data from the United Nations, 

Department of Economic and Social Affairs, Population Division (UN 2012), I used Excel to 
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establish the distribution of 5-year age groups beginning in 1960 (the first year that age-

distribution data was available) through 2010 in five-year increments (De Wolf 2012). Figure 4-2 

shows a partial example of how the age distribution table was set up. Since the PAT campaigns 

only treated people age 6 and older, I omitted the 0-4 age group. I justified this decision by the 

facts that there is little data on prevalence in this age group, prevalence in this group is a small 

fraction of the overall prevalence, and anyone infected in this age group would be captured as an 

incoming case in the 5-9 age group.

 

Figure 4-2. Example of age distribution table for HCV incident cases. Orange arrows show how the sub-cohort’s 
population is distributed along the age groups. The red arrow shows the how the mortality rate was applied, and the 
black arrows show the survivorship of a sub-cohort in the next sub-cohort period. The solid red circle shows the sum 
of the surviving sub-cohort populations to calculate the total number of cases in each age group. 
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+ + + + + =

Earlier sub-cohorts

Sub-cohort #1 Sub-cohort #2
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To populate the Excel spreadsheet, I needed the number of incident HCV cases arising in 

each 5-year increment or sub-cohort in the age-distribution table. The sub-cohort populations 

were calculated from a preliminary infection curve from the incidence function expressed in 

Equation (17a). Subsequent analysis indicated Equation (17a) did not result in an accurate 

distribution of Cohort A cases; specifically, incidence was biased towards the later years (a more 

detailed explanation will be given in Sections 5.5). I also tried a logistic growth function, but 

discarded it for the same reasons as the exponential function. Finally, I switched to Equation 

(17b), which uses a Gaussian function or bell curve to fit the data. The benefits of this function 

are its distribution of incidence shifts more cases to earlier years in the Cohort A period and 

accounts for the reductions of cases at the end of the period when the PAT campaigns were 

scaling down. I continued to use exponential decay functions for Cohorts B and C since these 

functions are simpler than a decreasing logistic function. A Gaussian function would not make 

sense for Cohorts B and C. 

!!",!"#$%!%&'()(!) = !!!"!!!"(!−1950)         (17a) 

!!",!"#$%"&(!) = !!! + !!!!
!!!"#! !!

!

       (17b) 

 
!"#$%ℎ!"#(1960) = !"#$%ℎ!"#×!!!"×!! + !!"(!)!!!!(!"#$!!) !"!"#!

!"#$      (17c) 

!"#$%ℎ!"#(!) = (!!"!
!!! (!))!"          (17d) 

Where: AHI(t) is either AHI, exponential(t) or AHI, Gaussian(t)       
 

!!"(!) = (!"#$%!!"(!))!!!! !!!"#$            (18) 

Where: !"#$%!!"(!) = !!"!!!"(!"#$!!"#$) or  !! + !!!−
1985−1983 !!

2

      (18b) 

 
!!"(!) = (!"#$%)!!!! !!!"""             (19)  

Where: !"#$% = ! !"#$%!!"(!) !!!! !"""!!"#$            (19b) 

!"#$!"#$ =
!!"(!)!!!!(!"#$!! !"!"#$

!"#$
!"#$!!"!             (20) 
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!"#$!""" =
!!"(!)!!!!(!"#$!!) !"!"#$

!"#$ !!!"×!! ! !!"(!)!!!!(!""#!!) !"!""#
!"#$

!"""!!"!           (21) 
  

!"#$!""# =
!!"(!)!−!!(1986−!) !"

1986
1950 !−23×!! + !!"(!)!−!!(2001−!) !"

2001
1986 !−8×!! + !!"(!)!−!!(2009−!) !"

2009
2001

2008!!"!    
 (22) 

 
Where: AHI(t) is the historical incidence function for Cohort A    

BHI(t) is the historical incidence function for Cohort B    
CHI(t) is the historical incidence function for Cohort A    
aex is the growth rate for AHI, exponential(t) 
bex is the initial value for AHI, exponential(t)    
ag is the peak value for AHI, Gaussian(t), i.e. highest incidence 
1983 is the year of the highest incidence 
bg is the initial value for AHI, Gaussian(t), i.e. initial incidence 
cg is the constant related to the full width of AHI, Gaussian(t) at half the maximum incidence  
aB is the decay rate for BHI(t)       
aC is the decay rate for CHI(t)  
µd = mortality rate (number of deaths/population per year)    

 
Once initial parameters had been entered first into Equation (17a) and subsequently into 

Equation (17b) and both produced a prevalence estimate in agreement with the target 1985 

prevalence, I set up a series of integral equations to estimate the number of cases in each sub-

cohort. The first sub-cohort of Cohort A included mortality calculations because without 

available age-distribution data for 1950 to 1960, I could not capture the mortality in the table. I 

also added the HCV cases existing prior to 1950 (1.5% of the 1950 population) to the first sub-

cohort and calculated cohort survivorship for this “pre-cohort” from 1950 to 1960 (Equation 

17c). Subsequent sub-cohort populations were calculated using the format of Equation (17d). 

The mortality estimates for all subsequent sub-cohorts were calculated in the age distribution 

table, by using the average mortality based on the inverse life expectancy for each 5-year period. 

I then switched to age-specific mortality rates (UN 2012) and took the average mortality rate for 

ages 5 to 39 and the average for the 40 to 79 ages. I also added the additional HCV-associated 

mortality to the older group’s mortality but not to the younger group’s mortality rate. HCV-
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associated liver disease, which is responsible for chronic HCV-associated morbidity and 

mortality, can take 20-30 years to develop (Deuffic-Burban 2006); therefore the impact of HCV 

infections on mortality will be seen primarily in the older age groups.  

Figure 4-2 shows how the mortality rates were used to move sub-cohorts through the 5-

year periods (the full age-distribution table is found in Appendix II). The incoming HCV+ 

population was distributed along the age groups according to the proportions in the “Age Dist. 

%” column (calculations are indicated by the orange arrows). The black arrows show the aging 

of Sub-Cohort #1 into the Sub-Cohort #2. This transition was calculated by multiplying the 

population of the age group by the survivorship term based on the mortality rate (µd, the dashed 

red circle in Sub-Cohort #2) of the sub-cohort period into which each group aged. Survivorship 

over the five-year period is represented by the term e-5µd, except for the 80-84 age group. Under 

the assumption that no one survived to 85, this age group did not age into the next sub-cohort 

period. The circle at the bottom of the Sub-Cohort #6 shows how all the survivors from the 

previous cohorts are summed to estimate the new age distribution of the HCV+ population at the 

end of the 35 year period for Cohort A. (The value crossed out in the red circle is a proportion 

and not included in the sum.)  

Once the preliminary sub-cohort values were entered in the age distribution table, I 

calculated the surviving cases for Cohort A in 1985 (the sum of “Dist. of Total” column) and the 

1985 prevalence. If the prevalence or the target number of cases from the age-distribution table 

did not match that from the incident function, I adjusted the aA and µd values in Equation (17b) 

and Equation (20) and recalculated the sub-cohort populations. This interplay between the 

incidence function and the age-distribution table continued until there was agreement in the 1985 

prevalence.  
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After Curve A was established, I repeated the process for Curves B and C using 

Equations (18), (19), (21), and (22). In doing so, I also had to account for the fact that the target 

number of cases at the end of each of the periods for Cohorts B and C included both new cases 

and the surviving cases from the previous cohort. To calculate the number of new cases arising 

from the new cohort, I used incidence values from the literature and the population of the mid-

year of the period to estimate the average annual incident cases. The sum of these cases from the 

whole period minus the deaths that would have occurred was subtracted from the target number 

of cases for the year ending that period. The remainder was the number of cases surviving from 

the previous cohort(s). The decrease in the previous cohort’s number of cases from the number 

that was present at the end of the previous period indicated the mortality rate for this aging 

cohort during the subsequent period. 

When adjusting the parameters of the incidence functions did not resolve the discrepancy 

with the life table, I reviewed the age distribution to understand better its impact on the mortality 

rates, which I have already noted as an influential parameter. Age distributions, such as Egypt’s 

general population, which is biased towards younger age groups, will have a lower crude death 

rate for a finite period as it will take longer for the younger groups to age out of the life table. If 

all other variables were equal in another population that is biased towards older age groups, the 

latter’s crude death rate will be higher (Preston 2001). While schistosomiasis generally had 

higher infection rates among children and young adults (Frank 2000), which increased their 

probability of treatment under the PAT campaigns and would support an HCV incidence age-

distribution favoring younger age-groups, the recalibration also took into account that older age 

groups would have more exposures to other infectious sources such as hospitalization, blood 

transfusions, therapeutic injections, etc., which would shift the peak incidence to older groups. 
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To verify my age recalibration, I compared the final age distribution for all three cohorts with the 

age distribution of the anti-HCV+ population in the EDHS, and repeated the process described 

above to bring the age-distribution table into agreement with the incident functions for the three 

cohorts.  

 

4.5 Building an Infectious Disease Model of Hepatitis C in Egypt 

 The population of interest to which the model applies is Egypt’s national population as 

estimated by the U.N. Population Division for the years 1950 to 2010 (UN 2012). The population 

was divided into the compartments “susceptible” and “infectious”. While I account for recovery 

in my model, I did not include a recovery compartment, as in some of the models reported in 

Chapter 3. A recovery or “removed” compartment would imply that those who recover acquired 

immunity. While a proportion of those who spontaneously clear the virus during the acute phase 

is better prepared to respond to and clear HCV upon reinfection as I discussed in Section 2.1, 

they remain susceptible to a new infection after recovery from the primary infection. 

Furthermore, the percent of infected individuals who fall into this recovery category is not 

known. For these reasons, I make the assumption that all those who recover do not acquire 

immunity and return to the susceptible compartment.  

To fit the model to the data, I converted the incidence curve into a cumulative case curve 

to show the number of exposed persons alive at time t. The force of infection (FOI), or the rate at 

which susceptible individuals become infected, was divided into three constituent rates assigned 

to the risk factors PAT (λPAT), blood transfusion (λBT), and all other risk factors (λOth). I chose 

these categories because the relative influences of these factors on HCV transmission change 
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over time. Each λ consisted of: β, the ratio of all potential HCV risk factor exposures to the 

population multiplied by the probability that that exposure is to the specific risk factor i: 

!! = !"#$%&'!%!"!#$
! × !"#$%&'!!

!"#$%&'!!"!#$
= !"#$%&'!!

!      (23) 

The next component, ρ, is the number of HCV contaminated sources out of the total 

number of exposures. More specifically, ρ consists of the proportion of the population that is 

infectious, the probability an infectious person comes into contact with an exposure, and the 

probability the exposures is the specific risk factor i minus the proportion of contaminated 

sources of exposure i that are disposed of or sterilized. ρ represents the indirect link between the 

infectious and susceptible populations and changes over time as the influence of different 

sources of infection changes. Finally, α is the probability of infection given exposure to an HCV-

contaminated source for risk factor i. 

 Figure 4-3 illustrates the basic design of the model, and Table 4-1 describes the 

parameters for the model. Table 4-2 lists the differential equations that govern the dynamics of 

the HCV in Egypt model. All mathematical calculations were conducted in Matlab R2012a 

student use software. The design was influenced by many of the components of the previous 

HCV models discussed in Section 3.2. The models developed by Martin et al. (2011) and Dontwi 

et al. (2010) were informative in how to set up my model’s compartments and dynamics. 

However both studies manually picked a range of values for FOI rather than generate a FOI 

through fitting the model to data or drawing the FOI from the literature; Dontwi et al (2010) did 

so by changing the contact value (Figure 3-4). Therefore, this aspect of their models did not 

inform my model since I had historical data on which to base my FOI. 
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Figure 4-3. Basic model for HCV transmission in Egypt with demographic dynamics. λ-PAT, λ-BT, and λ-Other 
represent the force of infection categorized by the type of risk factor exposure. S is the number of susceptible 
individuals in the population and I is the number of infectious individuals. S + I equals the total population, N. 
 
Table 4-1. Model Parameters 
Parameter Symbol 
Average annual per capita birth rate, 1950-2008 µb 
Average annual per capita death rate, 1950-2008 µd = 1/life expectancy 
Additional annual HCV-associated death rate µHCV; represents decrease in life expectancy 

when added to average per capita death rate 
Recovery rate per year* 0.3σ 
Force of infection,  !! = !!×!!×!! 
Average probability of exposure to risk factor i per capita 
per year 

βi; 

Average probability of no exposure per year βNE; Where βPAT +βBT +βOth +βNE = 1 
Probability of transmission given exposure to 
contaminated risk factor 

αi 

Probability of a contaminated risk factor i per total 
exposures per year 

!! = ! !× 1 − ! !!" ×!! − !!×!! 

Average probability of exposure to risk factor i per total 
exposures per year 

εi 

Average proportion of contaminated risk factor removed 
from circulation per year 

τi 

* 0.3 refers to the 30% of infected individuals who spontaneously clear the virus in the acute phase; (1-0.3) is the 
proportion of infected who develop a chronic infection. 
 
 
 
 
 
 
 
 
 

S I

lambda-PAT + lambda-BT + 
lambda-Other

Recovery Rate

average per 
capita birth rate

average per 
capita death rate

average per 
capita death rate

average per capita 
HCV-associated 

death rate
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Table 4-2. System of differential equations that govern model dynamics 
Variable Differential Equation 

Susceptible 
!"
!" = !!! − ! !!"# + !!" + !!"! − !!! + 0.3!" 

Infectious 
!"
!" = !! !!"# + !!" + !!"! − !(!! + !!"# + 0.3!) 

ρPAT 
!!!"#
!" = !

!× 1 − !!" ×!!"# − !!"#×!!"# 

ρBT 
!!!"
!" = !

!× 1 − !!" ×!!" − !!"×!!" 

ρOth 
!!!"!
!" = !

!× 1 − !!" ×!!"! − !!"!×!!"! 

  

 The approach of Corson et al. (2012) was very influential for my model of HCV in Egypt 

because of the authors’ use of differential equations to reflect different probabilities of 

transmission from different sources. While the authors’ system of equations focused more on the 

relative proportions of needles shared by the different categories of infectious individuals (new 

acute infection, acute reinfection, and chronic infection) and the different degrees of infectivity 

for each needle category, I used this approach to represent the 3 different categories that make up 

the FOI.  

A single injection for PAT has approximately the same infectivity as a therapeutic 

injection, but the course of treatment involves multiple injections, which increases the 

probability of transmission. For the proportion of the population exposed to PAT, the 

compounded risk of transmission for a course of treatment is high compared to other injections. 

As for blood transfusion, a much smaller percentage of the population received blood 

transfusions compared to PAT, but an exposure to HCV contaminated blood transfusion would 

almost certainly result in infection due to the high viral loads in blood. The other category 

covered a wide range of exposures including therapeutic injections, individuals with HCV+ 

family members who most likely face multiple yet low risk exposures, and invasive surgery, 
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which carries a much higher probability of infection given exposure to an HCV contaminated 

source.  

Another reason for dividing the force of infection along the three risk factors, PAT, blood 

transfusion, and the umbrella category “Other” is because the impact of PAT and blood 

transfusion on transmission changed over time. PAT was widespread between the years 1950-

1982 but was phased out in the 1980s in favor of an oral treatment. This model sets 1985 as the 

year PAT ended. The model therefore must reflect the temporal influence of PAT separately 

from the other sources of transmission. Similarly, the influence of blood transfusions on 

transmission over time must be addressed separately, not because transfusions of blood or other 

blood products have decreased, but after screening for anti-HCV in blood donations began in 

1993, the probability of transfusions causing HCV infection dropped significantly in the 

subsequent years. The “Other” category covers sources for all other HCV infections such as 

hospital admissions, therapeutic injections, giving birth at home, having a family member who is 

positive for HCV (either antibody or RNA), etc. By having different parameter values assigned 

to the different risk factors, I could be more precise in applying external changes to the system, 

such as ending the PAT campaigns in the mid-1980s. 

 To estimate the parameter values for the risk factor categories, I began with PAT. The 

λPAT consists of βPAT, αPAT, and ρPAT. βPAT refers to the average percent of the population 

exposed to PAT treatments. Based on the annual incidence as estimated by the historical 

incidence curve, I calculated the proportion of the total cases that were attributed to PAT and 

annual exposure to PAT treatments using data from the literature on lifetime exposure to PAT, 

the historical exposures to PAT treatments, the proportion of those exposed to PAT who were 

anti-HCV+, and the average number of injections in a treatment. 
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According to the EDHS, 8.3% (95% CI : 7.5-9) of the 2008 population had been exposed 

to PAT, which is equal to 6.63 million persons reporting exposure to PAT in their lifetime. The 

average number of injections given per treatment was 9 prior to 1975 after which it dropped to 6 

or less (Struthers 2007). The weighted average of injections per treatment from 1950 to 1985 is 

7. Based on reports from Struthers (2007) and Frank (2000), an average of 38 million PAT 

injections were administered from 1964 to 1982 (inclusive of both years). This total equates to an 

average annual exposure to 2 million injections or 286,000 treatments per year for this period. 

Based on the assumption that the 1964-1982 period was the peak period for administering PAT, I 

estimated pre-1962 exposure to be 75% of the peak exposures. With these two values, I 

established a baseline distribution for PAT exposure.  

Two studies included in my review on risk factors reported the percent of those exposed 

to a risk factor who were anti-HCV+. For PAT, Arafa et al. (2005) reported that 52% of those 

exposed to PAT were anti-HCV+, while Guerra et al. (2009) reported that 29.5% of those 

exposed to PAT were anti-HCV+. Using the average of these two studies, I multiplied the 

estimated exposures by 40% to give a rough idea of the number of cases that were due to PAT 

treatments. To check the validity of this approach, I compared the cumulative sum for PAT 

exposures and attributed cases to the total exposures and cases estimated by the EDHS. While 

these values matched, Figure 4-4 demonstrates that the distribution of PAT-attributed cases 

based on average exposure does not make sense in light of the incidence curve – prior to 1974 

the estimated PAT-attributed cases is more than the estimated total annual incidence. 

Furthermore, estimating the number of cases based only on the exposure does not account for the 

fact that the rate of transmission would increase over time as the HCV reservoir in the population 
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grew thereby increasing the probability of a PAT injection coming into contact with an infectious 

person before being reused for a susceptible person. 

 

 
Figure 4-4. Historical incidence curve and initial distribution of PAT exposure 
 

To bring the estimated PAT-attributed cases in-line with the incidence curve, I 

recalibrated the distribution of PAT-attributed cases as a percentage of the total cases so that the 

final numbers of cases and exposures matched the expected cumulative PAT-attributed cases and 

exposures based on data from!ElXZanaty!&!Way!(2009), Frank et al. (2000), Struthers (2007), 

Arafa et al. (2005), and Guerra et al. (2012). Finally, I calculated the percent of the total 

population annually exposed to PAT up until 1985. The average proportion of the population 

exposed to PAT equaled the value of βPAT.  

 The next component of λPAT was the αPAT. Based on studies that have looked at the risk 

of HCV infection in healthcare workers who experience a needle stick when working with HCV+ 

individuals, the probability of transmission from a single needle stick is 0.06 (range 0.02 - 0.1) 

(DOHC 2005; Mitsui 1992; DOH-NY 2005; Kane 1999). Considering that the PAT treatment 

involved on average 7 injections, the probability that transmission occurred in a given treatment 
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was expressed as the probability that transmission occurred through at least one injection in the 

treatment (Equation (24)). With the value of ρPAT provided by the system of differential 

equations (Table 4-2), the FOI for PAT is expressed as:  

!!"# = !!"#×(1− 1− !!"#×!!"# ! )     (24) 

 Blood transfusion was the next significant risk factor that dramatically changed with time 

as screening of the blood supply and products was implemented after 1993 (Doss 2008). 

According to the EDHS, 4.1% of Egyptians report having received at least one blood transfusion. 

Based on the 2008 population, 3.1 million people in 2008 had been exposed to at least one blood 

transfusion in their lifetime. Six studies reported the percent of individuals exposed to a blood 

transfusion who were anti-HCV+ (Table 4-3). Of these 6 reports, 2 studies (Said 2013; El-

Faramawy 2012) examined multi-transfused patients. Given the positive correlation between the 

number of blood transfusions and seropositivity (Said 2013), this group was not representative of 

the general population. Another study reported on a cross-sectional survey of blood donors in 

Cairo (Awad & Zohry 2005). Among those who received blood transfusion, 72% were anti-

HCV, a percent much higher than the percent (30%) reported in studies that focused on 

community populations (Arafa 2005; Plancoulaine 2008; El-Zanaty&Way 2009; Said 2013)  

Table 4-3. Studies reporting percent of sample exposed to blood transfusions that are anti-HCV+ 
Study Sample description % Exposed, 

HCV+ 
Arafa et al. (2005) Cross-section survey of Nile Delta community 31.4%* 
Plancoulaine et al. (2008) Cohort study in Nile Delta community 34.6% 
El-Zanaty & Way (2009) Cross-sectional survey of nationally representative population 24.3% 
Awad & Zohry (2011) Cross-sectional study of blood donors at blood bank in Cairo 72% 
El-Faramawy et al. (2012) Cross-sectional study at blood blank in Upper Egypt of children who 

required multiple transfusions.   
45% 

Said et al. (2013) Case-control study on thalassemia patients  34.4% 
*Weighted average of those who had received 1 blood transfusion and those who had received more than one. 
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Unlike PAT, there are no historical estimates for rates of blood transfusion exposures and 

associated cases. Therefore, I had to distribute the blood transfusion-attributed cases in a way 

that met two criteria. First, the number of blood-transfusion cases, when added to the PAT-

attributed cases, had to remain smaller than the number of total annual incident cases. As a 

starting point, I used the blood transfusion PAR reported in Table 5-7 as a percent of the total 

annual incidence. Secondly, cumulative exposures adjusted for mortality had to equal the total 

lifetime exposures estimated in the EDHS. The annual exposure to blood transfusion was 

calculated based on crude estimate by Egypt’s National Blood Transfusion Services: 

approximately every 5 minutes, someone in Egypt needs blood (NBTS!2009). That statistic 

equates to approximately 105,120 persons being exposed to blood transfusions or products a 

year, which is 0.16% of the 2008 population. Assuming that this percent remained relatively 

constant over the time period in this study, I estimated the annual exposure for each year. The 

cumulative exposures calculated with general mortality resulted in 2.9 million people that had 

been exposed to blood transfusions in their lifetime, which was only 200,000 fewer than the total 

predicted by the EDHS data.  

The other constant parameter in λBT is αBT. This value was expected to be very high 

based on the fact that a single transfusion exposure to contaminated blood or blood product 

would carry a very high viral load. The estimate used in my model was 80% transmission 

probability (Foburg 1996). Appendix C has a more complete description of the calculations for 

the transmission parameters. 

Calculating the β for the Other category involved looking more closely at the risk factors 

that made up this category, specifically, hospital admission, injections for purposes other than 

PAT, having an HCV+ family member, circumcision, giving birth at home or with an informal 
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attendant, and dental treatments. For the sake of simplicity, I assumed that the relative 

distribution of exposures to each of these risk factors did not change in any significant way over 

the historical period of this study. I approximated the proportion of the Other-attributed cases 

that could be ascribed to a risk factor by using the PAR value I calculated during my review of 

the risk factors and their contribution to HCV transmission. While the PAR in my risk factor 

analysis refers to the total number of cases, applying it to only the Other-attributed cases is 

appropriate for two reasons. First, the data from the studies that were used to estimate the PARs 

was based on lifetime not annual exposure, which would overestimate attributed-cases in this 

situation. Secondly, the data was collected after 1997, a minimum of 13 years after the end of the 

PAT campaigns and well into the establishment of national blood screening. Attributing 30% of 

all cases to hospital admissions for example may make sense in 2000 when PAT is no longer a 

factor and blood transfusion risk has been reduced as a factor. However, attributing 30% of all 

cases to hospital admission in 1965, a peak year for the PAT campaigns and with no available 

screening test for blood, is not as reasonable. Furthermore, by limiting the number of cases 

attributable to a specific risk factor to a fixed proportion of the Other-attributed cases, the 

proportion begins to refer to the total cases as PAT- and blood transfusion-attributed cases 

decrease. 

 Proportions of the population exposed to a constituent risk factor were drawn from the 

literature. The sum of these exposures from the Other category was added to the exposures for 

PAT and blood transfusion to establish the total number of exposures. A more complete 

description of how the Other exposures were calculated is found in Table C-2 in Appendix C.  

Assigning a value to αOth was difficult due to the lack of data in the literature and the 

substantial variation in transmission probabilities across the range of risk factors included in the 
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Other category (e.g. HCV positive family members and hospital admission). However, this lack 

of certainty for this value meant I could adjust it to align the HCV in Egypt model with the 

historical infection curve. Therefore, I only needed an initial rough estimate, which I was able to 

ascertain by using the transmission probabilities of similar risk factors. For example, the 

transmission probability for injections ranges from 2 to 10%. I assumed intrafamilial 

transmission, which could be through sharing a razor, treating a mild wound, etc., was close to 

the lower end of that range. Dental treatments, which are more invasive, would be closer to the 

high end of that range. Hospital exposures range from needle sticks to surgeries, the latter of 

which would have a transmission probability closer to that of a blood transfusion. An average of 

all the possible exposures would fall somewhere in the middle. 

With parameter estimates and the initial values for the system of differential equations, I 

could run the model. The historical data represented an “ever infected by HCV” status (i.e. it 

measured anti-HCV seropositivity and not HCV RNA seropositivity); therefore I did not align 

the “infectious” curve of the model to this data. Instead I included an “ever infected” curve to be 

aligned with the historical data. This curve was calculated by multiplying the infectious curve by 

143% (i.e. the inverse of 70%) in order to include those that spontaneously recovered and were 

no longer infectious. After running the model, only minor adjustments were made to αOth and the 

τi values to establish a strong match with the historical data. The values for τi were initially set 

low to reflect the insufficient sterilization in PAT, the inability to screen for anti-HCV in blood 

products, and a general lack of knowledge about the virus and how it was transmitted, especially 

prior to 1989, the year the virus was identified. 
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4.6 Using the HCV in Egypt Model to Evaluate Potential Interventions and Other Scenarios 

 Once the HCV in Egypt model was established, I used the model to evaluate 

interventions that would reduce transmission. The first approach I took was to increase the 

removal of contaminated sources (e.g. sterilization, disposal) by manipulating τi. The second 

approach was to introducing treatment by manipulating the proportion of the infectious 

population who annually recovered. Any proportion above the baseline 0.3 would be attributed 

to treatment resulting in SVR (sustained viral response).   

I wanted to evaluate the adaptability of the HCV in Egypt model and did so by applying 

parameters and initial values that represented a population with very high prevalence such as 

communities in the Nile Delta where exposure to PAT was elevated. After running the 

hyperendemic model with the baseline parameter values, I introduced the interventions used 

previously in the general HCV in Egypt model. Lastly, I applied parameters that met the 

conditions of a low prevalence area such as the Nile Delta and ran the model both with and 

without interventions.  
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CHAPTER 5 – RESULTS 
  
 
5.1 Historical Data Points 
 

Understanding the dynamics of a population is fundamental to building a dynamic 

infectious disease model. HCV infects a population silently in the sense that patients usually 

experience mild to no symptoms until they approach end-stage cirrhosis or liver cancer. Without 

proactive screening efforts in place, infections do not typically become apparent until decades 

later. Considering the duration individuals remain infected and infectious in conjunction with the 

time period the HCV epidemic in Egypt spans, I included birth and mortality rates. The U.N. 

Population Division and World Bank are important sources for this demographic data. Table 5-1 

shows data for Egypt from 1950 to 2010 in 5-year increments. Given the importance of 2008 as a 

year for which much data is available, I also included the demographic data for that year where 

available. Note the difference between the crude death rate and inverse life expectancy. The 

crude death rate takes into account the growing population and the resulting bias towards 

younger age groups in the age distribution of the population. However the inverse life 

expectancy captures the disease-free mortality, which is important in later considerations of 

incorporating disease-specific mortality.  
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Table 5-1. Select demographic data for Egypt (World Bank 2014)(UN 2012) 
Year Population 

(thousands) 
Crude Birth 
Rate (/1000) 

Crude Death 
Rate (/1000) 

Life 
Expectancy 

Inverse Life 
Expectancy 
(/1000) 

Percent 
Female 

Percent 
Rural 

1950 21 514 48.6 24.0 -- -- -- -- 
1955 24 431 44.8 21.0 41.14 24.3 -- -- 
1960 27 997 47.6 19.5 46.36 21.6 49.9 62.1 
1965 32 084 44.5 17.4 49.32 20.3 49.8 59.3 
1970 36 342 40.9 15.8 51.60 19.4 49.8 57.8 
1975 40 359 38.7 24.9 52.98 18.9 49.8 56.5 
1980 44 932 37.6 12.0 56.78 17.6 49.9 56.1 
1985 50 347 35.7 10.0 59.93 16.7 49.8 56.1 
1990 56 337 31.1 8.4 63.56 15.7 49.7 56.5 
1995 61 168 26.6 7.4 65.47 15.3 49.7 57.2 
2000 66 137 24.8 6.9 68.00 14.7 49.7 57.2 
2005 71 778 24.4 6.8 69.02 14.5 49.7 57.0 
2008 75 492 24.4 6.7 -- -- 49.8 56.7 
2010 79 392 24.1 6.6 69.92 14.3 49.8 56.6 
  -- Data not available  

Table 5-2 shows the average birth and mortality rates based on the inverse life expectancy for the 

three cohorts and the full (total) historical period (1950-2008).  

Table 5-2. Average birth and death rates in Egypt by cohort and total historical period 
 Cohort A  Cohort B Cohort C Total 
Average birth rate /1000 (per year) 43.3 29.3 24.4 36.6 
Average life expectancy 50.5 65.8 69.4 56.2 
Average mortality rate (inverse life 
expectancy) /1000 (per year) 

19.8 15.2 14.4 17.8 

HCV-attributed mortality rate /1000 
(per year) 

8.4* 4.1 4.1 6.7* 

Overall mortality rate per year with 
HCV-attributed mortality included 
/1000 (per year) 

28.2 19.3 18.5 24.5 

Life expectancy w/ HCV  35.5 51.8 54.1 40.1 
*The Centers for Disease Control and Prevention estimated that those with chronic HCV lived on average 15 years 
less than those without. The higher rate for Cohort A is needed to achieve the 15-year difference in life expectancy. 
The higher rate in the Total column is the weighted average of the HCV-attributed mortality rate /1000. 

In addition to the data on the demographics of the general population, I reviewed the data 

on HCV-associated mortality. World Life Expectancy reported that 0.71% of all deaths in Egypt 

are attributed to HCV. This produces an age-adjusted mortality rate of 4.84/100,000 (World Life 

Expectancy 2010). Ly et al. (2012) estimate that the HCV-attributed mortality rate in the U.S. is 

4.58/100,000 (CI, 4.50 to 6.67). However, these rates are measured within the context of the 

whole population, not just among those chronically infected with HCV. Figure 4.3 shows that 
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my model for HCV in Egypt limits the HCV-attributed deaths to the infectious compartment; the 

Li et al. (2012) and the World Life Expectancy estimates would be too low in the context of my 

model. The CDC conducted a multi-cohort study looking at HCV-attributed deaths in the U.S. 

and found that those with chronic HCV die on average 15 years earlier than those without HCV 

(Mahajan!2013).!This!translated!to!an!ageXadjusted!annual!mortality!rate!of!4.143/1000.!I!

applied!the!15Xyear!decrease!in!life!expectancy!to!the!average!life!expectancy!in!Egypt!for!

the!three!cohort!periods!and!the!overall!period!and!took!the!inverse!of!these!life!

expectancies!to!find!the!HCVXattributed!mortality!rate!(data!not!shown).!The!weighted!

mean10!difference!between!my!calculated!HCVXattributed!mortality!rates!and!the!general!

mortality!rates!listed!in!Table5X2!was!6.7/1000.! 

The EDHS estimated that 14.7% of the 2008 population was anti-HCV+. With a 

population of 75.5 million in 2008, this percentage equates to 11.1 million individuals who have 

been exposed to the virus. The EDHS further estimated that 9.8% of the population is currently 

infected with the virus, meaning that they are positive for HCV RNA. This percent based on the 

2008 population equates to 7.4 million people currently infected with HCV. (Of note the ratio of 

7.4 million currently infected to the 11.1 million ever exposed is consistent with 30% of acutely 

infected individuals recovering). Applying the HCV-attributed mortality rate I calculated for 

Egypt, 6.7/1000, to the infected population in 2008, the resulting number of deaths would be 

approximately 50,000. If I apply the Mahajan!et!al.’s!(2013) estimate, the resulting number of 

deaths is 30,700. Doss et al. (2008) estimated that the total mortality due to chronic liver disease 

in Egypt is 40,000 deaths in 2006 and rising. Other measures of HCV-attributed mortality 

indicate a greater number of deaths. A study in Thailand reported a cumulative 30.1% mortality 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10!The!mean!was!weighted!by!the!number!of!years!included!in!each!cohort.!!
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rate over 18 years for those positive for HCV RNA (Lee 2012). This equates to 1.67% of those 

chronically infected with HCV dying each year of both hepatic and extra-hepatic diseases. In 

Egypt, Struthers (2007) estimated that 2-3% of chronic hepatitis due to HCV infections result in 

deaths each year. Applying these percentages to the number of individuals estimated to be 

positive for HCV RNA according to the EDHS and 2008 population data puts the range of HCV-

attributable death closer to 124,000 to 222,000 per year.  

The wide range of estimates for HCV-attributable deaths depends on a number of factors 

including the age of the chronically infected and the availability and the quality of healthcare. 

The lower number estimated by Mahajan et al. (2013) could reflect better supportive care of 

patients with liver disease and more access to HCV treatment in the U.S. compared to Egypt and 

could underestimate the number of HCV-attributed deaths in Egypt. However, I have opted to 

keep estimates conservative, therefore I will defer to the number of annual liver-related deaths 

estimated by Doss et al. (2008). Doss et al. (2008) do not specify what percentage of those deaths 

is attributed to HCV, but if ~40,000 deaths due to liver disease is an upper limit, that boundary 

supports the HCV-attributed mortality rate put forward by the Mahajan group, which I use in 

subsequent calculations. 

As discussed in the methods section, I identified four prevalence estimates for the years 

1950, 1985, 2000, and 2008, the first year of the historical period and the years ending each of 

my cohort periods. These were 1.5%, 23%, 18%, and 14.7% respectively. Using these prevalence 

estimates and the population number for the corresponding year, I estimated the number of ever-

infected individuals alive at that year as seen in Table 5-3. I also calculated the initial incidence 

for 1950 as 8025, which is the difference between the number of cases in 1950 (population 21.5 
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million x 0.015 = 322,710) and the number of cases in 1951 (22.0 million x 0.015 = 330,735) 

based on a 1.5% HCV prevalence. 

Table 5-3. Target prevalence and number of ever infected at the end of each cohort period 
Year Population (Millions) Prevalence (%) Number of Ever Infected (millions) 
1950 21.51 1.5 0.32 
1985 50.35 23.0 11.58  
2000 66.14 18.0 11.90 
2008 75.49 14.7 11.10  

 

 Table 5.4 covers the main prevalence and incidence data used in building the HCV in 

Egypt model. The first attribute that is apparent is the lack of data available for Upper Egypt and 

nationally. Secondly, much more data is available for prevalence as opposed to incidence. 

Thirdly, there are very large differences in the values calculated within the same region, not just 

between different regions. 
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Table 5-4. Historical data points for HCV prevalence and incidence in Egypt 
Source Year of 

Data 
Collection 

National Lower Egypt/Nile Delta Upper Egypt Notes 
Prev. 
(%) 

IR/1000 
PY 

Prev. (%)  IR /1000 
PY 

Prev. 
(%) 

IR/1000 
PY 

Pybus et al. (2003) <1950 1-2      Estimate based on current HCV endemicity in 
other MENA states 

Frank et al. (2000) 1960 21.9  28.4  19.4  Age-adjusted to 1960 population based on 
data collected in 1996 & 1996 

Darwish et al. (1992) 1991   24.4 (14.4 
RNA+) 

   Non-professional blood donors  

Arthur et al. (1997) 1993 24.8      Blood donors from each of the governorates 
Darwish et al. (1994) n/a   29.8    Includes Nile Delta and Cairo (blood donors) 
Darwish et al. (2001) 1994-5   40    Community residents; semi-urban 
Medhat et al. (2002) 1997     8.7  Community residents; rural 
Habib et al. (2001) 1997   24.3    Community residents; rural 
Mohamed et al. 
(2005) 

1997  3.1  6.8  0.8 Seronegative community residences; rural 

Mohamed et al. 
(2006) 

1996 4.8  8.2  2.5  Children ages 5-18; rural 

Stoszek et al. (2006) 1997-2003   15.8 (10.8 
RNA+) 

   Pregnant women 

Plancoulaine et al. 
(2008) 

2002   12.3    Community residents 

Mostafa et al. (2010) 2001-6    2.4   Seronegative community residents 
Arafa et al. (2005) 2003-4   11.8    Community residents 
Saleh et al. (2008) 1997-2006    5.19   Seronegative pregnant women; rural 
Saleh et al. (2010) 2000-6    2.69   Children of pregnant women enrolled during 

2nd and 3rd trimester; rural 
Abdelwahab et al. 
(2012) 

2008-10   15.7    Healthcare workers 

EDHS (2009) 2008 14.7  17.5  14.7  Nationally representative survey; also includes 
9.5% prevalence in urban areas 

Miller and Abu-
Raddad (2010) 

2008  6.9      

Breban et al. (2013)   2      
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5.2 Assessing Risk Factors for Hepatitis C in Egypt 
  
 The key word search for Egypt, HCV or Hepatitis C virus, and transmission in the 

systematic review of studies on HCV risk factors in Egypt returned 95 entries. Of these, only 12 

met all the inclusion criteria. The other studies were omitted because they were not specific to 

Egypt, they were not cross-sectional or case-control studies, they did not cover transmission risk 

factors, or they did not provide OR values for the risk factors. Table 5-5 shows the included 

studies by study type, year of data collection and publication, sample size, age range, gender, 

residence type, and geographical region. The majority of the studies took place in the Nile Delta 

and in rural communities, both factors associated with high HCV seropositivity. Also most 

studies covered a wide range of ages. 

 
Table 5-5. Summary of studies in risk factor review 
Authors Year 

published 
Data 
collection 

Study 
type 

Geographic 
location 

Residency 
type 

Sample size Age 
range 

Gender 

Medhat et al. 2002 1997 cross-
sectional 

Upper Egypt rural 6033 all ages both 

Habib et al. 2001 1997 cross-
sectional 

Nile Delta rural 3999 all ages both 

Mohamed et 
al. 

2006 1997 cross-
sectional 

Nile Delta & 
Upper Egypt 

rural 4631 5-18 both 

Darwish et al. 2001 1994-1995 cross-
sectional 

Nile Delta semi-urban 796 >10 both 

Arafa et al. 2005 2002-2003 cross-
sectional 

Nile Delta rural 4020 all ages both 

Guerra et al. 2009 2008 cross-
sectional 

National both 11,126 15-59 both 

Plancoulaine 
et al. 

2008 2002 cross-
sectional 

Nile Delta rural 3994 >3 both 

Abdelwahab 
et al. 

2012 2008-2012 cross-
sectional 

Nile Delta rural & 
urban 

842 17-59 both 

Stoszek et al. 2006 1997-2003 cross-
sectional 

Nile Delta rural 2587 16-48 female 

Paez Jimenez 
et al. 

2010 2002-2007 case-
control 

Cairo urban 100 cases; 
678 controls 

15-40 both 

Paez Jimenez 
et al 

2009 2002-2007 case-
control 

Cairo urban 94 cases; 
188 controls 

15-40 both 

Kandeel et al. 2012 2007-2008 case-
control 

Cairo & 
Alexandria 

urban 86 cases; 
287 controls 

<70 both 

*Follow- sample size 
** Initial sample size because the study included many follow-up visits, each with a different number of participants 
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 The range of risk factors covered in the above studies is listed in Table 5-6. As stipulated 

in the inclusion criteria, the studies had to include odds ratio (OR), and only those risk factors 

with significant ORs were included in the analysis of PAR. Table 5-6 also summarizes the 

significant risk factors ranked by PAR for cross-sectional and case-control studies. According to 

these rankings, admission to a hospital and IV catheters are in the top 5 rankings in 4 studies; and 

each is in the top 5 in one additional study. Injections and surgery are each in in the top 5 

rankings in 4 studies. 

The table also shows the variety in the risk factors studied and in how the researchers 

categorized the risk factors. For example some studies looked only at whether a subject received 

any therapeutic injections (Paez Jimenez 2010); other studies considered the safety of the 

injection (Guerra 2009), the frequency of the injection (Medhat 2002), or the provider of the 

injection (Habib 2001). The overwhelming majority of risk factors calculated to have 

significance are medical, most of which would be performed in a hospital or clinic, such as 

surgery, IV or urinary catheters, endoscopy or blood transfusion. Whether some procedures were 

covered in the informal healthcare was not addressed in most cases. Medhat et al. (2002), Habib 

et al. (2001), and Kandeel et al (2012) were the only three studies to ask whether injections had 

been administered by an informal healthcare provider. Medhat et al. (2002), Habib et al. (2001), 

Mohamed et al. (2006) and Stoszek et al. (2006) were the only studies to address informal 

providers performing circumcision. Finally, Medhat et al. (2002), Habib et al. (2001), and 

Stoszek et al. (2006) were the only studies to ask about births overseen by informal attendants. 

Seven studies, Medhat et al. (2002), Habib et al. (2001), Stoszek et al. (2006), Darwish et al. 

(2000), Paez Jemenez et al. (2009) & (2010), and Kandeel et al. (2012) did look at community 

activities that might be a source of transmission, such as shaving at a public barber, piercing ears, 
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and getting a tattoo; however, these risk factors were not found to be significantly associated 

with HCV status in any of these studies.  

Four studies included their own analysis of attributable fraction; these were Arafa et al. 

(2005), Paez Jemenez et al. (2009) & (2010), and Kandeel et al. (2012). The equations and data 

they used were not available to replicate their results. While there was a difference in absolute 

value between the PAR I calculated and the attributable fraction calculated by the authors, the 

overall pattern was consistent between the two values, i.e. risk factors with high PARs also had 

high attributable factions; risk factors with low PARs had low attributable fractions. 

Additionally, where the authors provided confidence intervals for the attributable fractions (Paez 

Jemenez 2009; Kandeel 2012), these intervals had larger ranges than the CIs I calculated for the 

PARs of the same risk factor (data not shown). 

To identify how the significant risk factors contributed to overall transmission, I 

prioritized risk factors considered in at least three studies and whose ORs were significant in two 

or more studies. Table 5-7 shows which risk factors were more studied than others, and in how 

many studies the risk factors were deemed significant. Table 5-7 also shows the average PAR for 

each risk factor studied. Risk factors associated with the highest PAR included circumcision for 

boys and girls performed by an informal healthcare provider, admission to a hospital, invasive 

medical procedure, injections and IDU. When this data was used later in the establishment of the 

model, I assumed that the procedures included in the “Formal” section were not independent 

events and could be addressed under the umbrella risk factor “hospital admission”.  

Another point that becomes clear in Table 5-7 is the overwhelming focus on procedures 

in the formal health care sector. Almost all of the medical risk factors were included in at least 

three studies, whereas community factors such as men shaving at home or a person having an 
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anti-HCV+ family member were only addressed in one study meeting the criteria (data not 

shown). Ear piercing and tattoos were considered in three studies, but were not significant in any 

(data not shown). More than 95% of women who participated in the studies were exposed to ear 

piercing, whereas exposure to tattoos for both sexes remained under 1%. “Shaving by a barber” 

as a risk factor was included in 6 studies but was not significant in any of them. Exposure to this 

risk factor ranged from 34-96% among men (data not shown). 
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Table 5-6. Ranked population attributable risk (PAR) by study 
Study Sig. risk factors ranked – PAR  Study Sig. risk factors ranked by PAR 

M
ed

ha
t e

t a
l. 

≤ 30 years of age 
1. Frequent injections – 26.1  
2. Any dental treatment – 7.8 
3. Dental extractions – 7.7  
4. Blood transfusions – 7.0 
5. Surgery – 5.8 
6. Endoscopy – 2.0 
7. History of PAT – 0.7 
 

< 30 years of age 
1. Delivery, informal attendant – 49.5 
2. History of schistosomiasis. – 35.2 
3. History of PAT – 22.9 
4. Admin to hospital – 20.6 
5. Frequent injections – 18.9 
6. Sutures – 13.8 
7. IV Catheter – 13.5 
8. Surgery – 12.4 
9. Blood Donation – 8.5 
10. Blood transfusion – 6.3 
11. Instrumental delivery – 5.8 
12. Cauterization – 1.9 

H
ab

ib
 e

t a
l. 

> 20 year of age* 
1. Surgery – 12.1 
2. Injection, informal provider – 11.5 
3. History of PAT – 8.8 
4. IV catheter – 8.4 
5. Blood transfusion – 3.0 
6. Urinary catheter – 2.5 
7. Endoscopy – 0.3 
 

Overall 
1. Any delivery (women) – 22.1 
2. Surgery – 6.3 
3. Injections, informal provider – 6.1 
4. IV catheter – 4.943 
5. Sutures – 4.7 
6. History of PAT – 3.5 
7. History of schistosomiasis. – 3.3 
8. Urinary catheter – 2.1 
9. Blood transfusion – 1.6 

 
M

oh
am

ed
 e

t 
al

. 

1. Mother HCV RNA+ – 43.3 
2. Father HCV RNA + – 33.4 
3. Mother antiHCV+, RNA- – 13.5 

G
ue

rr
a 

et
 a

l. 1. Blood transfusion – 56.6 
2. History of PAT – 8.4  
3. Unsafe injection – 1.2 

A
ra

fa
 e

t a
l. 

≤ 20 years of age 
1. Instrumental Delivery (6.5)** 
2. Cautery (6.5) 

< 20 years of age 
1. ≥ 10 injections – 42.6 (18.9) 
2. Admission to hospital – 33.1 
3. IV catheter – 30.5 (16.2) 
4. Sutures – 24.8 
5. Surgery – 23.8 
6. History of PAT – 18.8 (12.4) 
7. Cesarean section - 14.2 (2.7) 
8. Abscess drain – 11.4 (6.2) 
9. Gum treatment – 9.7 (5.0) 
10. Urinary catheter – 9.0 
11. Frequent injections – 9.0 (2.8) 
12. > 1 blood trans – 7.3 (2.8) 
13. Endoscopy – 5.1 (2.0) 
14. Instrumental delivery – 4.7 (0.8) 
15. 1 Blood transfusion – 2.5 (0.7) 
16. Tablet for schistosomiasis – (1.2) 

K
an

de
el

 e
t a

l. 

1. Admission to hospital – 35.6 (67.3) 
2. IV catheter outpatient – 29.6 
3. Sutures and or abscess drainage – 27.2 (87.3 abscess drainage only) 
4. Any invasive procedure – 22.2 (35.1) 
5. IV catheter, hospital – 20.4 (70.3) 
6. IV drug use – 18.2 (67.9) 
7. Reused injection – 18.1 (82) 
8. Ever had injection – 16.0 
9. Surgery – 15.5 
10. Any dental treatment – 12.8 
11. Any delivery – 10.7 
12. Blood transfusion – 10.4 
13. Urinary catheter – 5.6 
1. Endoscopy – 4.6 

St
os

ze
k 

et
 a

l. 

1. Delivery at home – 8.0 
2. History of schistosomiasis – 6.5  
3. History of PAT – 1.9 

Pa
ez

 J
im

en
ez

 e
t a

l. 
(2

01
0)

 

1. Cesarean section – 52.0 
2. Admission to hospital – 36.3 
3. IV catheter – 41.4 (20.1) 
4. Sutures - 31.5  (10.7) 
5. Surgery – 22.7 
6. Urinary catheter – 19.5 (6.7) 
7. Dental anesthesia – 8.1 
8. Ever had injections – 7.6 
9. Blood transfusion – 4.8 
10. Gum treatments – 4.4 (3.8) 
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Pa
ez

 
Ji

m
en

ez
 e

t 
al

.  

1. Sutures – 16.4 (13.3) 
2. IV drug use – 14.6 (13.6) 
3. Admission to hospital – 10.6 
4. IV catheter – 9.9 
5. IV injection – 6.5 (7.7) 
6. Surgery – 6.4 Pl

an
co

ul
ai

ne
 

et
 a

l. 

2. Any invasive medical procedure – 16.4 
3. Gum treatments – 16.4 
4. History of PAT – 14.4 
5. Instrumental delivery – 9.9 
7. Blood transfusion – 5.3 

* Only male circumcision by an informal healthcare provider was significantly associated with HCV positivity. PAR = 32.0 
** Numbers in parentheses are attributable risk calculated by the authors of the study 

 
Table 5-7. HCV risk factors and their population attributable risk (PAR) 
Category Risk Factor No. of studies No. Sig PAR PAR PAR PAR PAR PAR PAR PAR Ave Par 

Informal Circumcision. – Male 5 2 35.3 39.1           37.2 
Circumcision. – Female  7 2 12.5 59.6           36.1 
Any Delivery 6 2 22.1 10.7           16.4 
Any Dental Treatment 5 2 7.8 12.8           10.3 
Gum Treatment 5 3 16.4 9.7 4.4         10.2 

Formal  Hospital Admission 8 2 48.6 10.6           29.6 
Any Invasive Medical 
Procedure 

3 2 16.4 22.2           19.3 

Cesarean Section 6 2 52 14.2           33.1 
IV Catheter 7 5 25 30.5 41.4 9.9 4.9     22.3 
Sutures 6 5 16.4 27.2 24.8 31.5 4.7     20.9 
Abscess Drainage 6 2 27.2 11.4           19.3 
Blood Transfusion 9 7 56.6 7 5.3 4.8 1.6 19.4 2.5 13.9 
Surgery 9 5 6.3 23.8 5.8 6.4 15.5     11.6 
Urinary Catheter 7 4 19.5 1.4 9 5.6       8.9 
Assisted Birth (extract) 4 3 6.5 9.9 4.7         7.0 
Endoscopy 5 3 2 5.1 4.6         3.9 

Injections Injections – Any 9 6 42.6 26.1 6.1 6.5 16 7.6   17.5 
Injections – Unsafe 4 2 18.1 1.2           9.7 

IDU IV Drug Use 4 2 14.6 18.2           16.4 

PAT History of PAT 7 6 14.4 8.4 1.9 18.8 3.5 0.7   8.0 
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5.3 Assessing the Deuffic-Burben Historical Incidence Curve 
!
 With very little data on the historical progression of the HCV epidemic in Egypt, I turned 

to the historical infection curve proposed by Deuffic-Burban et al. (2006) based on back c

 alculations from HCC deaths. Since the paper did not include the function for the curve, I 

 
Figure 5-1. Fitting the Deuffic-Burban et al. (2006) historical incidence curve 

Logistic Curve Function 

!!" ,!"#(!) = !.!×!"!
!!!"#$%!!!.!"#$(!!!"#$)       (25) 

 
 a = -0.2834 (95% CI: -0.3215, -0.2453) 

b = 14630 (95% CI: -3189, 32450) 
Goodness of Fit:   r2  0.9936 

adj. r2  0.9924  
 

Exponential Curve Function 
!!" ,!"#(!) = 1863!!.!""#(!!!"#$)       (26) 

 
 a=1863  (95% CI: -845.3, 4571) 

  b=0.1779  (95% CI: 0.1342, 0.2217) 
Goodness of Fit:  r2  0.9771 
  adj. r2  0.9725 
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used both logistic and exponential growth functions to approximate the group’s curve and 

calculate the prevalence that would result from the curve. The logistic and exponential fits are 

shown in Equations (25) and (26) respectively and the graph of the two functions and the 

Deuffic-Burban datapoints are shown above in Figure 5-1. In both appearance and goodness of 

fit statistics, the logistic growth curve has a better fit. While the initial incidence, 14630, is 

higher than the expected 8025 incident cases needed to maintain a prevalence of 1.5% for 1950 

population levels, the expected value of 8025 falls within the broad confidence interval 

established in the fit. By entering the parameter values estimated in Equation (25) into Equations 

(11), (12), (14), and (15), shown again below, I replicated the Deuffic-Burban (Figure 5-2a) and 

estimated the HCV prevalence in Egypt, which was 11.7% in 1985, and 22.2% in 2000. I also 

extended the Deuffic-Burban curve to 2008 with 50% reduction from Curve B to represent full 

implementation of screening of blood products. The final prevalence in 2008 as calculated by 

Equations (13) and (16) was 20.0% for the three cohorts. Figure 5-2b shows these three curves. 

The 1985 prevalence falls below the 23% prevalence I predicted while the prevalence values for 

2000 and 2008 are higher than the prevalence I predicted for 2000 and the prevalence estimated 

for 2008 in the EDHS. These inconsistencies indicate that Deuffic-Burban curve is not an 

accurate reflection of the historical incidence in Egypt between the years 1950 and 2008. 
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(a)  (b)  
       
Figures 5-2 a & b. Replication (a) and extension (b) of Deuffic-Burban et al. (2006) historical incidence curve. The 
prevalence estimates for under the curves are 11.7% for 1985, 22.2% for 2000, and 20.0% for 2008. 
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!!"(!) = ! !
1+!!(!)(!−1950)          (11) 

 
!!"(!) = (0.5) ! !

!!!!(!)(!"#$!!"#$)!         (12) 
 

!!"(!) = (0.25) ! !
!!!!(!)(!"#$!!"#$)!        (13) 

 

!"#$!"#$ =
∫ !!!"(!)!!!!(!"#$!!!!"!"#$
!"#$

!"#$!!"!          (14) 
 

!"#$!""" =
!∫ !!!"(!)!!!!"(!"#$!!)!!"!"#$
!"#$ !!!!!"×!!!!∫ !!!"(!)!!!!!(!""#!!)!!"!""#

!"#$
!"""!!"!     (15) 

  

!"#$!!""# =
!∫ !!!"(!)!!!!"(!"#$!!)!!"!"#$
!"#$ !!!!!"×!!!!∫ !!!"(!)!!!!!(!""#!!)!!"!""#

!"#$ !!!!×!!!!∫ !!!"(!)!!!!"(!""#!!)!!"!""#
!""#

!""#!!"!  
   (16) 

Where:  µ85 is the average mortality rate for 1950-1985      
µ00 is the average mortality rate for 1986-2000      
µ08 is the average mortality rate for 2001 to 2008      
µd is the mortality rate used in the survivorship term for the previous cohort  
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5.4 Recalibrating Age Distribution for Historical Incidence Curve Calculations 
 
 Replicating the historical HCV infection curve in Egypt required a detailed analysis of 

the population dynamics. As described in Section 4.4, understanding how anti-HCV+ cohorts 

moved through the population was important for estimating mortality rates, especially mortality 

rates for the cohort survivorship. In order to achieve this goal, I produced an age-distribution 

table that measured the cohorts and sub-cohorts aging through the period of study. Appendix B 

includes the full age-distribution table. The initial set up of the age-distribution table used 

Egypt’s general population age distribution. However, the prevalence from the age-distribution 

table was consistently higher than the prevalence estimates from the exponential incidence 

functions (Equations (17a)) and the Gaussian incidence function (Equation (17b)) for Cohort A 

and the two incidence functions for Cohorts B and C. To bring the table into alignment with the 

incidence functions, I had to apply mortality rates much higher than the rates found in the 

literature. Furthermore, applying those same mortality rates to the incidence functions brought 

the prevalence estimates for the incidence curve too low. Both factors indicated the age-

distribution in the table needed to be recalibrated.  

Figure 5-3 shows the initial age-distribution in 2008, based on the assumption that 

incident cases followed the general population’s age distribution and the age distribution of HCV 

cases estimated by in the EDHS. The “Model 2008” age distribution is biased towards the 

younger groups with the peak at the 30-34 age group. The EDHS is biased towards the older age 

groups, which is the overwhelming consensus among HCV studies that review prevalence by age 

group. Figure 5-4 shows the result of the recalibrated incidence age-distribution. The alignment 

of the EDHS and the recalibrated age-distribution seen in Figure 5-4 supports the recalibration. 
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Furthermore, I was able to find better agreement between the incidence functions and the age-

distribution table. 

 

 
Figure 5-3. Comparison of Model and EDHS age distributions before recalibration 
 

 
Figure 5-4. Comparison of Model and EDHS age distributions after recalibration 
 

5.5 Recreating Egypt’s Historical Incidence Curve for Hepatitis C 

 Once agreement between the age-distribution table and the incidence functions was 

achieved in terms of mortality rates and resulting prevalence, I could begin to finalize the 

historical HCV incidence curve and the parameters of the incidence functions for the three 
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cohorts. For Cohort A, I needed a function that would produce the number of cases that would be 

alive in 1985 and constitute a 23% prevalence. For Cohorts B and C, I estimated the incident 

cases for both cohorts that when added to the surviving cases of the previous cohort(s) would 

sum to the number of cases needed to achieve the target prevalence. I began the process using an 

exponential growth function for Cohort A (Equation (17a)). However, the distribution of 

incidence with this curve concentrated too many cases in the last few years of the period. For 

example, with the exponential function, the number of new cases that arose prior to 1980 was 4.7 

million, while 6.9 million arose during the years 1980 to 1985. The 1985 incidence was 1.6 

million. By comparison, under the Gaussian curve (Equation (17b)), 5.6 million new cases 

occurred before 1980 and 5.9 million cases occurred in the remainder of the period. The 1985 

incidence for this curve was 1.0 million. The differences between these two distributions of 

incidence were important for two reasons. First of all, with the peak incidence in Cohort A so 

high, in order to achieve the target 18% prevalence for 2000, I had to dramatically drop the 

incidence for Cohort B by imposing a very high exponential decay rate, using an initial incidence 

for Curve B that was only a small fraction of Curve A’s final incidence, or using a combination 

of each. However, no matter which approach I took, the overall incidence and the ending point of 

Curve B were so low that I had to use an exponential growth rate for Curve C to achieve 14.7% 

prevalence in 2008. Increasing the incidence for Cohort B, however, resulted in the 2000 

prevalence being the same or greater than the 1985 prevalence, an outcome not supported by the 

literature. By switching to the Gaussian function (Equation (17b)), Curve B had higher overall 

incidence and started at a higher initial incidence, and Curve C declined exponentially, all while 

meeting the target prevalence values for each period. 

The second reason supporting the Gaussian distribution became apparent when I was 
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trying to establish the distribution of PAT exposures. With the exponential curve, most of the 

cases occurred from 1980 to 1985. In order to maintain the relationship between the cases and 

exposures described in Appendix B, the number of exposures had to far exceed the expected 

number of exposures estimated by the EDHS and the annual exposures described by Frank et al. 

(2000). The distribution of incidence according to the bell curve shifted more exposures and 

cases to earlier years and allowed both the PAT case and exposure criteria to be met. Equation 

(27) is Equation (17b) with the parameter values that when integrated (Equation 28) resulted in 

11.6 million cases and a 1985 prevalence of 23.0% 

!!"(!) = 8025 + 1.02×10!!!
!!!"#$

!!.!
!

      (27) 

!"ℎ!"#!!!"#$ =
!"!###!×!!! !"×!.!"#$ ! !!"(!)!!!"(!"#$!! !!"#$

!"#$ !
!",!"#,!!!     (28) 

 
 

Where:  AHI(t) is the historical incidence function for Cohort A     
MA is the average mortality rate with HCV-associated mortality 

included for Cohort A: 26.3/1000 per year     
  

To estimate the number of new cases that arose in the Cohorts B and C and to assess my 

historical incidence curve, I reviewed available data on incidence (Table 5-4). Miller and Abu-

Raddad (2010) estimated the 2008 incidence to be around 6.5/1000 new HCV infections per year 

based on data from the EDHS. This number was contradicted by previous studies that 

specifically looked at incidence. For the Nile Delta region, Saleh et al. (2008) estimated 

incidence at 5.2/1000, el-Sadawy et al. (2003) at 10.0/1000, and Mohamed (2005) at 3.1/1000.  

The average of the rates is 6.1/1000, which is close to the rate estimated by Miller and Abu-

Raddad (2010), but it does not account for incidence in Upper Egypt. Mohamed et al. (2005) 

calculated the incidence in Upper Egypt to be 0.8/1000. Weighting these estimates by regional 

population gives a more accurate average. Lower Egypt accounts for 43% of the population, 
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Upper Egypt for 36%, and cities for 19% (GeoHive 2013). Assuming urban incidence currently 

falls in between the Nile Delta and Upper Egypt rates due to urbanization and greater access to 

healthcare exposures, the weighted average incidence is shown in Equation (29). 

 

(6.1/1000)(0.43) + (0.8/1000)(0.36) + (3/1000)(0.19) = 3.5/1000   (29) 

 

 These incidence averages are based on data collected close to 2000; prior to this year, 

before major HCV education campaigns and full implementation of blood screening, it is 

reasonable to assume incidence was higher. To estimate the number of new infections that arose 

over the period of 1986-2000, I began with a conservative 4.5/1000 incidence rate and the 1993 

(the mid-year of the era) population, 59.31 million, to estimate the average annual number of 

new HCV cases for this period: 266,900. For Cohort B, the time period was 15 years and the 

average mortality rate was 19.3/1000, which is derived from the inverse life expectancy plus the 

HCV-attributed death rate, 4.14/1000 (Mahajan 2013) (Table 5-2). The cumulative surviving 

cases in year 2000 for Cohort B were 3.37 million using Equation (30). 

!"#$%$%&'!!"#$%&"'!!"#$# = (!"#!!""#$%!!"#$%. )!!!
!!! !!!×!!   (30) 

Where: n = the number of years in the time period     
µd = mortality rate        
!!!×!!  = the survivorship term for the time period of n years   

 

I then subtracted the Cohort B cases from the total year 2000 target cases, 11.9 million, to 

calculate the survivors from the Cohort A, 8.26 million. The drop in Cohort A numbers equates 

to a 23.0/1000 mortality rate for the Cohort A during the 1986-2000 period.  

With the target number of new cases for Cohort B, I could calculate the parameter values 

for the Curve B function (Equation (18)). Once the integral matched the target number of cases, I 
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moved on to Curve C and repeated the process (Equation (19)). While estimating Curve C, I 

found that with the output from my original Curve B function I could not get Curve C to produce 

a final prevalence value of 14.7% without the Curve C growing rather than decaying. I therefore 

reviewed the functions for Curves B and C and the age distribution table and realized that my 

initial estimates for incidence during the 1986-2000 period were too low. It was at this point that 

I switched to the Gaussian function for Curve A, which allowed me to increase the initial value 

in Equation (18) (in other words reduce the initial drop in incidence following the end of the 

PAT campaigns), and reduce the exponential decay rate for Curve B. With new preliminary 

incidence values for Cohort B, I repopulated the Cohort B sub-cohorts and adjusted both the 

incidence function (Equation (18)) and the age-distribution table until there was agreement 

between the number of incident cases for Cohort B, the mortality rate for Cohort A, and the final 

prevalent cases, which were the sum of the surviving cases in 2000 from Cohorts A and B. The 

best agreement on Cohort B’s incident cases was 6.4 million cases calculated by the incidence 

functions and 6.0 million calculated in the age-distribution table. The number of surviving cases 

from Cohort A in 2000 was 5.7 million in the incidence functions and 6.1 million in the age-

distribution table. Using 6.2 million as the mid-point for the total new cases in Cohort B period, 

the average annual incidence for Cohort B was 480,000, which in terms of the 1993 population 

figure translates to an 8.0/1000 annual incidence. Using the age-distribution table I calculated the 

new mortality rate for Cohort A, which increased to 45/1000 from the previous estimate. In 

terms of life expectancy, this mortality rate meant that on average members of this group lived 

another 21 years, which is reasonable if not an underestimate considering that members of 

Cohort A have been infected at least15 years ago. 
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For Cohort C, I used the incidence calculated in Equation (29) for the 2001 to 2008 

period as the initial average annual incidence. Using the mortality rate of 18.5/1000 (Table 5-2) 

and Equation (30), I found the preliminary number of incident Cohort C cases alive in 2008 to be 

1.85 million. After finding agreement between the Curve C incidence function and the age-

distribution table for Cohort C results, the adjusted number of Cohort C cases alive in 2008 was 

1.92 million according to the incidence function, and1.88 million according to the age-

distribution table. Subtracting the number of Cohort C cases and the number of surviving Cohort 

A cases (which now had a higher mortality rate of 77/1000 or a life expectancy of 13 more years) 

from the 2008 target 11.1 million cases, I found the target number of surviving Cohort B cases. 

Using the age-distribution table, I found the mortality rate for Cohort B in the 2001-2008 period 

to be 58/1000, and I included it in the final historical incidence curve to calculate the 2008 

prevalence. The final prevalence results were 23.0% for 1985, 19.6% for 2000, and 14.2% for 

2008. 

The peak of this graph represents an incidence of 20.9/1000 in 1984. The final incidence 

rate for 2008 is 3.0/1000. This rate is less than half the rate estimated by Miller and Abu-Raddad 

(2010) and is much closer to the 2.0/1000 incidence rate estimated by Breban et al. (2013). 

Figure 5-5 shows the graph of the final curve, and Table 5-8 lists all the equations and parameter 

values for the historical HCV incidence curve in Egypt. 

Note that the prevalence equations include the term! 323000!×!!! !"×!.!"# . This term 

accounts for the “pre-cohort” or the prevalent HCV cases in Egypt prior to 1950, the beginning 

of the historical period in my model, and the subsequent cohort survivorship that occurred over 

the Cohort A period. The survivors from this pre-cohort in 1985 were included in Cohort A’s 

survivorship in subsequent cohort periods.   
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Figure 5-5. Historical HCV incidence curve for Egypt. Cohort A curve based on Gaussian function and Cohort B 
and C are exponential decay functions. 
 

Table 5-8. Equations for historical HCV incidence curve  
Result Function 

Curve A !!"(!) = 8025 + 1.02×10!!!
!!!"#$

!!.!
!

 

Curve B 
!!"(!) = 0.73 !"#$%!!!!.!"#(!!!"#$) 

• Where !"#$% = 8025 + 1.02×10!!!
!!!"#$

!!.!
!

 

Curve C 
!!"(!) = !"#$%!×!!!!.!!"(!!!""") 

• Where !"#$% = 0.73 !"#$%!×!!!!.!"#(!""#!!"#$) 

Mortality A !! = 0.0263 
 

Mortality B !! = 0.0193 

Mortality C !! = 0.0164 

Prevalence A: 
23.0% 

323000!×!!! !"×!.!"# + !!"(!)!!!"(!"#$!! !"!"#$
!"#$

50,350,000  

Prevalence B: 
19.6% 

323000!×!!! !"×!.!"# + !!" ! !!!"(!"#$!! !"!"#$
!"#$ !! !"×!.!"# + !!"(!)!!!!(!""#!!) !"!""#

!"#$
66,136,600  
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Prevalence C: 
14.2 % 323000! !− 35×0.239 + !!" ! !−!! 1986−! !"1986

1950 !− 15×0.045 !−(8×0.077 !!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!+ !!" ! !−!! 2001−! !"2001
1986 !− 8×0.058 + !!" ! !−!! 2009−! !"2009

2001
75,490,000  

 
5.6 Building the Hepatitis C in Egypt Model 
 
 With historical data on which to base my model now available, I could turn my attention 

to the structure of the model. Based on the natural history of HCV and the influence from other 

models on HCV and other infectious diseases, I determined that the most appropriate model to 

represent the dynamics of HCV in Egypt is shown again below (Figure 4.3), which is first 

described in Section 4.9. This is an SIS model where no immunity is acquired after recovery. It 

includes demographic parameters such as the average crude birth rate, the mortality rate based on 

the inverse of life expectancy, and the HCV-associated mortality rate. The critical parameters in 

the model are the λs, or the FOIs. Figure 5-6 shows the dynamic of contact between risk factors, 

susceptible individuals, and infectious individuals that result in infection. 

 
Figure 4-3. Basic model for HCV transmission in Egypt with demographic dynamics. λ-PAT, λ-BT, and λ-Other 
represent the force of infection categorized by the type of risk factor exposure. S is the number of susceptible 
individuals in the population and I is the number of infectious individuals. S + I equals the total population, N. 
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Figure 5-6. Map of exposure to risk factors and transmission of infection. Note that the HCV contamination status 
for an exposure is irrelevant when exposed to an infectious person since that transmission source is contaminated by 
that person. The contaminated status does matter when the exposure comes into contact with a susceptible person. If 
the exposure is not contaminated, no transmission occurs. If it is contaminated, then the probability of transmission 
depends on the infectivity of the exposure. For example, blood transfusion has a higher infectivity than a single PAT 
injection. 
 
 The FOI or λi and its relationship to its components are described in Equations (31a). 

Because the course of a PAT treatment involves multiple injections compounding the risk, I 

adjusted the λPAT to reflect this interaction. Equation (31b) represents the probability of 

transmission by at least one contaminated injection. There are other transmission routes in which 

the risk is compounded by multiple exposures such as receiving frequent therapeutic injections 

throughout the year or in the variety of exposures that could occur during a hospital admission 

(i.e. IV catheter, urinary catheter, surgery, etc.). However, the number of multiple exposures 

varied in these examples so that quantifying them in an equation would introduce a level of detail 

unnecessary in this particular model. Secondly, I have grouped these examples and others similar 

to them in the Other category, so the individual compounded risk is incorporated into the overall 

risk associated with the Other category. The only other transmission factor for which I could 
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apply compounded risk would be patients that require multiple blood or blood product 

transfusions. However this group of patients is only a small subset of an already small group 

given the relative rarity of blood transfusion exposures, so I have limited the FOI to a single 

blood transfusion exposure. Regarding the components of the FOI, Equation (32) (33) and (34) 

describe the units that make up β, ρ and α respectively. Equation (35) summarizes all the units 

involved in the FOI.  

!! = !!×!!×!!        (31a) 

 !!"# = !!"#×(1− 1− !!"#×!!"# !     (31b) 

!! = !"#!"!#$
! × !"#!

!"#!"!#$
= !"#!

!         (32) 

!! = ! !! !! 1− !!" = !
!×

!"#!
!"#!"#$%

= !"#$%&'#%$()!!"#$%&!
!"#!"#$%

   (33) 

Where:  

!
!×!"#! = the number of contaminated sources 

1− !!" = the annual probability of exposure to some HCV transmission 

risk factor 

 

!! = !"#$%&'%%'($!
!"#$%&'#%$()!!"#$%&!

        (34) 

Therefore the annual FOI is:  

!! = !"#!
! × !!"#$%&"$#'(!!!"#$%&!

!"#!"#$%
× !"#$%&$$&'(!
!"#$%&'#%$()!!!"#$%&!

= !"#$%!"##"$%!
! × !"#!

!"#!"#$%
   (35) 

       

The differential equations describing the system are shown below. Equations (38), (39), 

and (40) show the changes in the proportion of contaminated sources of infection to total 

exposures, which is dependent on the number of infectious individuals who come into contact 

with risk factors. The values for the parameters in Equations (36) through (40) are shown in 

Table 5-9.  
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!"
!" = !!! − ! !!"# + !!" + !!"! + 0.3!" − !!!      (36) 

!"
!" = !! !!"# + !!" + !!"! − !(!! + !!"# + 0.3!)    (37) 

!!!"#
!" = !

! !!"# 1− !!" − !!"#!!"#      (38) 

!!!"
!" = !

! !!" 1− !!" − !!"!!"       (39) 

!!!"!
!" = !

! !!"! 1− !!" − !!"!!!"!      (40) 

Table 5-9. Values for demographic parameters in general HCV in Egypt model 
Parameter Symbol Values 
Average per capita birth rate, 1950-
2008 

µb ≤ 2005: 0.036 
>2005: 0.02 

Average per capita death rate, 1950-
2008 

µd  ≤ 2005: 0.0134 
>2005: 0.0065 

Additional HCV-associated death 
rate 

µHCV 0.00414 

Recovery rate 0.3σ 1 person recovers per 6 months or 2 per year for the 
30% of infected who recover  

FOI* !! = !!×!!×!! Calculated 
Average annual proportion of 
population not exposed to an HCV 
transmission risk factor 

βNE 0.40 

  PAT BT Oth 
Average annual probability 
exposure to risk factor i in the 
population 

βi ≤1985: 0.008 
>1985: 0 

0.0016 ≤1985:!0.5896 
>1985: 0.598 

Annual probability of contaminated 
exposure i out all exposures 

ρi varies varies varies 

Probability of transmission given 
contaminated exposure 

αi 0.06 0.80 0.35 

Average annual proportion of 
exposurei to exposuretotal 

εi ≤1985: 0.01330 
>1985: 0 

0.00272 0.989 
 

Average annual proportion of HCV 
source removed from pool of 
exposures 

τi ≤1980: 0.05 
>1980: 0.4 

≤2000: 0.001 
>2000: 0.4 

≤1985: 0.05 
>1985: 0.2 

*FOI for PAT is different from that of blood transfusions and other sources; see Equation (28b). 
 

Table 5-8 also includes the birth and death rates for the Egyptian population, which has 

grown over the historical period for Egypt’s HCV incidence curve due to a birth rate greater than 

the death rate. When modeling a growing population, one must consider whether a) the growing 

population leads to a change in population density, and b) whether a change in population 

density would have an impact on the transmission of infection (Anderson and May 1991). These 
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two factors would have a large impact on transmission of disease spread through direct contact. 

However, I have determined that transmission of HCV in Egypt is dependent on behavior not 

proximity of contact; therefore force of infection does not change with the overall population 

density or size. 

I have also included two different values for some parameters in Tables 5-8. These shifts 

reflect the external changes I imposed on the system, such as the phasing out of PAT as a 

treatment for schistosomiasis after 1985 and the phasing in of blood screening after 1993. The 

change in the demographic parameters, i.e. the decrease in the average birth and death rates, is 

needed to extend the model beyond the historical data. Up until 2005, I use the average birth and 

death rate for either the whole historical period or for each cohort period. Using these averages 

beyond the historical period of study would grossly overestimate these rates since both dropped 

considerably over the course of the period of study.  

Before adding the external adjustments, I ran the model without them to see how the 

HCV epidemic would have progressed if the PAT campaigns had continued, no additional 

infection control had been implemented, and treatment had not been available. Figures 5-7(a) 

and (b) shows the graph of these conditions. Figure 5-7(a) includes the curves for the susceptible, 

infectious, and ever infected populations. Figure 5-7(b) magnifies the graph to focus only on the 

ρi curves. I have also extended both graphs out to year 2100 to show that the infectious and ρi 

curves follow a logistic growth pattern. The upper asymptote indicates the endemic transmission 

equilibrium that would have eventually been reached. The susceptible population initially rises 

due to population growth and then declines in a logistic pattern as the infectious reservoir and 

transmission grows. 
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(a)       (b) 

  

Figures 5-7 a & b. Model results for HCV in Egypt with no external adjustments. These figures assume that the PAT 
campaigns did not end and that no additional infection control measures have been implemented. a) Shows the 
curves for susceptible, infectious and ever infected populations over time in comparison with the historical data on 
HCV infections, which is the cumulative infection curve based on the historical incidence curve. b) Shows the 
relative contributions of the three categories of HCV transmission, PAT, blood transfusion, and Other. The curves 
indicate the ratio of exposure to contaminated sources compared to all exposures. 

 

Clearly the infectious and ever infected curves do not follow the historical data (shown in 

pink). To bring the upper asymptote in line with the historical data, I would have to reduce the 

αi, especially the αOth dramatically. By doing so, however, I would lose the agreement with the 

increasing slope of the historical data. The only way to satisfy both the slope and the upper limits 

of the historical data curve was to impose external adjustments to the parameters, such as 

reducing the influence of ρPAT to zero after 1985. Figure 5-8a, b, c, and d demonstrate the results 

of these external adjustments to the model. Figure 5-8a includes the whole system, while Figure 

5-8b magnifies the infectious, ever infected and historical data curve to provide a better view of 

how the model aligns with the historical data. Figure5-8c summarizes the behavior of the three ρ 

values, and Figure 5-8d enlarges only the ρPAT and ρBT curves. Based on these graphs, the system 

of differential equations that make up the dynamic model is a good match to the historical data. 

 

1950 2000 2050 2100
0

1

2

3

4

5

6

7
x 107

Year

Po
pu

la
tio

n

Student Version of MATLAB

1950 2000 2050 2100
0

1

2

3

4

5

6

7

8

9

Year

Pr
op

or
tio

n 
of

 C
on

ta
m

in
at

ed
 E

xp
os

ur
e 

i, 
Ex

po
su

re
 T

ot
al

Student Version of MATLAB

!!!!!!!!!!!Susceptible!
!!!!!!!!!!!Infectious!
!!!!!!!!!!!Ever!Infected!
!****!!Historical!!

Prevalence!

Rho+PAT!
Rho+BT!
Rho+Other!



!
 

91 

(a)      (b)  

! !  
 (c)      (d)  

!   
Figures 5-8 a, b, c & d. Results from HCV in Egypt model with external adjustments. The external adjustments 
account for the end of the PAT campaigns and implementation of screening of blood. a) Shows the populations for 
susceptible, infectious, and ever infected over time, and the historical data on HCV infections. The historical data is 
the cumulative infection curve based on the historical incidence curve. b) The same graph as a) but magnified to 
show the agreement between the ever infected and the historical data, which is based on the presence of HCV 
antibodies, an indication of previous and current infection. c) Shows the relative contributions of the three categories 
of transmission routes, PAT, blood transfusion, and Other to overall transmission. The curves indicate the ratio of 
exposure to contaminated sources compared to all exposures. d) Is the same as c) though magnified to show more 
clearly the contributions of PAT and blood transfusion. Historical Data is the prevalent number of cases at year t 
based on the historical incidence curve. 
 

 In Figure 5-8a, the infectious curve appears to level out after 1985 with a slight decrease; 

Figure 5-8b confirms that the infectious curve is declining. By extending the time span of the 

model, without changing any of the parameter values, to the year 2100 (Figure 5-9a and b), the 

model indicates that HCV incidence will continue to decline but at slowing rates. The driver of 
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this decline is the decrease in the proportion of contaminated Other exposures, which is a result 

of fewer infectious individuals available to contaminate potential sources of exposure. With less 

contaminated Other sources of infection, there is less probability that a susceptible person will 

come into contact with a contaminated source and become infected. The leveling out of the 

infectious curve is the establishment of a new transmission equilibrium following the end of the 

PAT campaigns and the added measure of screening blood products but no additional infection 

control or treatment measures taken (Figure 5-9a and b).  

(a)      (b) 

!   

Figures 5-9 a & b. Extended HCV in Egypt model, 1950-2100. (a) Shows the decline in infectious individuals 
following the end of the PAT campaigns and the implementation of blood screening. (b) Shows the decline in 
contaminated Other exposures compared to all exposures. Both graph project how endemic HCV would progress in 
Egypt with no additional measures taken for infection control or treatment. Historical Data is the prevalent number 
of cases at year t based on the historical incidence curve. 
 

5.7 Examining the Effects of Interventions on HCV in Egypt Model 

 The two intervention approaches to reducing transmission of HCV are decreasing the 

number of infectious contacts a person might encounter or reducing the number of infectious 

persons that could contribute to infectious sources. To address the former, I focused on adjusting 

τOth, the rate of removing HCV contaminated “Other” sources of infection, which I found to be 
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an influential parameter. Since PAT and blood transfusions were already only a small part of 

transmission by 2010, I did not include them as a factor in reducing sources of contamination. 

The range of values τOth examined beyond the 20% baseline value of τOth is found in Table 5-10.  

The latter intervention, the increase in treatment, was represented as an increase in the 

proportion of infected individuals who annually recover. The baseline annual recovery (ARR) in 

the model was set at 30% to represent the annual cases that spontaneously recover. The 

difference between an increase in the ARtotal and the baseline ARR represents the proportion of 

annual cases undergoing successful treatment (ART), i.e. achieving SVR. Table 5-9 lists the 

values of ART that I explored. Additionally, genotype 4 has an approximate 65% success rate 

(the mid-point in the 50 to 80% range of the estimated success rate) with PEG-IFN-α plus 

ribavirin therapy (Kamal & Nasser 2008); therefore the annual treatment coverage needed to 

achieve successfully the annual cure rate is also listed in Table 5-10. I have not included the 

treatment coverage for sofosbuvir since that drug is not yet readily available for treatment in 

Egypt. 

The main point of Table 5-10 is to show the resulting HCV prevalence for the years 2025 

and 2050 with incremental increases in infection control or treatment coverage after 2010. 

According to Table 5-9 and the Figures 5-10a and b, both intervention approaches are successful 

at reducing the number of infectious cases from the estimated 5.85 million cases in 2025 that 

would occur with no intervention measures. In order to return to the pre-epidemic HCV 

prevalence levels of <2%, Table 5-10 indicates two options. The first is to remove annually 35% 

of all contaminated Other sources of infection. This would occur directly through improved 

infection control such as better disinfection in both the formal and informal healthcare sectors, 

more availability of disposable needles and syringes for the general public, better sharps and 
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medical equipment disposal options, and moving away from therapeutic injection to oral or 

topical alternatives, if available. By taking these measures, the prevalence of infectious 

individuals would drop over time primarily due to no new cases and the death of existing cases; 

treatment is not a factor in these calculations. The second approach would be to focus solely on 

making treatment more available. If Egypt continues to use the current standard combination 

treatment of PEG-IFN-α plus ribavirin therapy, 30% of infectious individuals would have to be 

treated annually to achieve an annual cure rate of 20%, rate at which the prevalence of infectious 

individuals would drop to 1.8% by 2025. If Egypt uses the new HCV drugs such as sofosbuvir, 

which has an 80-90% cure rate, in their treatment regimen, annual treatment coverage would 

only have to be 22-25% of the infectious population to achieve the same decline in HCV.  

Table 5-10. Prevalence estimates for 2025 and 2050 based on treatment and infection control interventions. 
Parameter Values 2025 Cases 

(millions) 
Prevalence of 
Infectious Cases/ 
97.0 million* 

2050 Cases 
(millions) 

Prevalence of 
Infectious  Cases/ 
121.8 million 

Initial Value in fitted model 
τOth = 0.20; ARR §= 0.30  5.85 6.0% 4.35 3.6% 
τOth value 
0.25 3.86 4.0% 1.24 1.0% 
0.30 2.32 2.4% 0.33 0.3% 
0.35 1.47 1.5% <0.10 <0.1% 
0.40 0.94 0.9% <0.10 <0.1% 
0.60 0.19 0.2% <0.10 <0.1% 
Proportion of annual recovery due to treatment  
ART§ Treatment coverage with 

PEG-INF-α and ribavirin† 
 

0.05 • 0.077 4.12 4.2% 2.01 1.7% 
0.10 • 0.154 3.02 3.1% 0.99 0.8% 

• 0.15 • 0.231 2.27 2.3% <0.10 <0.1% 
• 0.20 • 0.308 1.76 1.8% <0.10 <0.1% 

0.25 0.385 1.40 1.4% <0.10 <0.1% 
0.45 0.692 0.62 0.6% <0.10 <0.1% 
* Projected populations from United Nations, World Population Prospects: The 2012 Revision (UN 2012);  
§ARR refers to annual baseline recovery, which includes only those who spontaneously recover from an HCV 
infection; ART refers to the annual recovery with HCV treatment included. Recovery through treatment refers to 
treatment that results in SVR; 
†Based on a 65% cure rate, treatment coverage refers to the proportion of the HCV-infected population that needs to 
be treated in order to achieve the proportion of the infected population that achieves SVR through treatment.  
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(a)       (b) 

 
 

(c) 

 
   
 

Finally, Figure 5-10c shows the result of implementing both intervention approaches. By 

increasing infection control in the Other category from 20% to 30% and annually curing 10% of 

the infectious population (which requires annually treating 15% of the infectious population) 

with PEG-IFN-α plus ribavirin therapy (or treating 11-12% with sofosbuvir included in the 

regimen), the infectious population would drop to 1% of the total 2025 population. By using a 

combination of interventions, greater reductions in transmission can be achieved with smaller 
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intervention measures. All three of the above figures suggest that HCV transmission is sensitive 

to interventions. 

 

5.8 Applying the HCV in Egypt Model to Populations with Very High and Low HCV Prevalence 

 Next I customized the model for a very high prevalence population, such as that seen in 

Al Qalyubiyah, a governorate in the Nile Delta in which many studies of HCV prevalence took 

place (Arthur 1997; Darwish 2001; Abdel-Aziz 2000; Mohamed 2005). Estimates of HCV 

prevalence in this area ranged from 8.2% (Mohamed 2005) to 40% (Darwish 2001), although 

two studies put it at 24% (Abdel-Aziz 2000; Arthur 1997). The EDHS estimated the HCV 

prevalence in the Nile Delta region to be around 17.5% (El-Zanaty and Way 2009). To model 

this hyperendemic HCV region, I used an anti-HCV+ prevalence value of 24% in 2000 and a 

2008 population size similar to that of Al Qalyubiyah: 4.5 million. I also assumed that the higher 

prevalence stemmed largely from exposure to PAT, so I adjusted the exposure proportions, βPAT 

and εPAT accordingly. The initial numbers for the susceptible and infectious populations were 

back calculated from the 2008 population using the same birth and mortality rates from the 

general HCV in Egypt model. I also assumed an initial HCV prevalence of 3%. This is a higher 

prevalence than the initial value I used in the general HCV in Egypt model, but it accounts for 

the fact that PAT had been in effect prior to 1950, particularly in the Nile Delta. Table 5-11 

shows the parameter values again with the ones I adjusted listed in bold and italic. 
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Table 5-11. Values for demographic parameters for hyperendemic HCV in Egypt model 
Parameter Symbol Values 
Average per capita birth rate, 
1950-2008 

µb ≤ 2005: 0.036 
>2005: 0.02 

Average per capita death rate, 
1950-2008 

µd  ≤ 2005: 0.0134 
>2005: 0.0065 

Additional HCV-associated 
death rate 

µHCV 0.00414 

Recovery rate 0.3σ 1 person recovers per 6 months or 2 per year for the 
30% of infected who recover  

FOI* !! = !!×!!×!! Calculated 
Annual proportion of population 
not exposed to an HCV 
transmission risk factor 

βNE 0.37 

  PAT BT Oth 
Probability exposure to risk 
factor i in the population 

βi ≤1985: 0.0468 
>1985: 0 

0.0016 ≤1985:!0.591 
>1985: 0.598 

Probability of contaminated 
exposure i out all exposures 

ρi varies varies varies 

Probability of transmission given 
contaminated exposure 

αi 0.06 0.80 0.35 

Proportion of exposurei to 
exposuretotal 

εi ≤1985: 0.076 
>1985: 0 

0.00272 0.918 
 

annual proportion of HCV 
source removed from pool of 
exposures 

τi ≤1980: 0.05 
>1980: 0.4 

≤2000: 0.001 
>2000: 0.4 

≤1985: 0.05 
>1985: 0.2 

*FOI for PAT is different from that of blood transfusions and other sources; see Equation (28b). 
 

Figure 5-11a shows the results of the model with the above modifications. In 2000, 

according to the “ever infected” curve and a population size of 4.14 million, the percent of the 

population having been exposed to HCV would be 24.3%. The percent of the population 

currently infected would be 17%. Assuming no additional interventions were employed, endemic 

HCV transmission would lead to 9.7% of the population being infectious in 2025. Figure 5-11b 

shows the impact of implementing interventions. The same values for τOth (0.3) and ART (0.10) 

that were used in the scenario represented in Figure 5-10c are applied to the hyperendemic HCV 

in Egypt model. By implementing these interventions at these levels, the prevalence of ever 

infected individuals drops to 1.7% by 2025. 
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(a)          (b) 

! ! !

Figure!5+11!a!&!b.!Hyperendemic!HCV!prevalence!model.!The!population!size!is!based!on!the!population!of!
the!Al Qalyubiyah governorate, a region in the Nile Delta with an HCV prevalence higher than the national average. 
(a) Shows the curves for the susceptible, infectious and ever infection populations with no additional infection 
control measures other than screening blood, ending PAT, and implementing the baseline 20% rate of removing 
contaminated Other HCV exposures. (b) Shows the results of introducing enough treatment to annually cure 10% 
the infectious population and increasing the infection control measure to achieve removal of 30% of contaminated 
Other HCV exposures. The ever-infected curve is not shown in (b). 
 

In comparison to the hyperendemic population, I also applied the model to a population 

with a low prevalence, such as that which might be seen in the Assiut governorate in Upper 

Egypt. As can be seen in Figure 12a, the prevalence of exposed individuals drops by half by 

2025. This trend is promising, but by increasing infection control only from 20 to 30%, the 

prevalence of ever-exposed individuals drops to 2%, the pre-epidemic prevalence, indicating that 

even modest steps have a big impact in low prevalence regions. Treatment also returns similar 

results (data not shown) 
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(a)          (b) 

!  
Figures!5+12!a!&!b.!Low!HCV!prevalence!model.!The!population!size!is!based!on!the!population!of!the!Assiut 
governorate, a region in Upper Egypt with an HCV prevalence lower than the national average. (a) Shows the curves 
for the susceptible, infectious and ever infection populations with no additional infection control measures other 
than screening blood, ending PAT, and implementing the baseline 20% rate of removing contaminated Other HCV 
exposures. (b) Shows the results of increasing the infection control measure to achieve removal of 30% of 
contaminated Other HCV exposures.  
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CHAPTER 6 – DISCUSSION 

 
6.1 Review of the Epidemic Rise of HCV in Egypt 

 Liver disease has long been a public health concern in Egypt. Schistosomiasis, an 

infection caused by the parasitic worms Schistosoma haematobium and mansoni, presents 

primarily with either urinary (S. haematobium) or gastrointestinal and hepatic (S. mansoni) 

symptoms such as inflammation and fibrotic lesions of the liver. As S. mansoni and its aquatic 

host snail replaced the populations of S. haematobium due to changing irrigation practices and 

the building of the Aswan dam, the prevalence of schistosomiasis-associated liver disease grew 

to become the primary cause of liver disease in Egypt. In 1918, the first treatment for 

schistosomiasis, injections of tartar emetric, was developed. Beginning in the 1920s, peaking in 

the 1960s-1970s, and ending in the 1980s, schistosomiasis was treated by multi-injection PAT. 

These efforts along with programs to manage the population of the host aquatic snails have 

reduced both the incidence and severity of the schistosomiasis in the population, especially with 

the introduction of oral treatments, such as praziquantel (Strickland 2006; Struthers2007).  

As the relative contributions of schistosomiasis to liver disease waned, the influence of 

other etiological factors grew. The inadequate sterilization of the needles and syringes used in 

the PAT campaigns is believed to have led to a incidence surge in two blood-borne hepatitis 

viruses, HCV and HBV, both of which can progress to a chronic infection and liver disease. 

While persons with chronic HBV infection have a higher probability of developing HCC than 

those with HCV (25% compared to 1%) (Arbuthnot and Kew 2001; Lavanchy & McMahon 

2000), the probability of clearing the virus before the infection becomes chronic is much higher 

for HBV than HCV (95% compared to 30%) (Strickland 2006; Chen 2006; Hoofnagle 2000). 

Furthermore, the HBV vaccine has had a profound impact on reducing the overall incidence of 
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HBV. Strickland (2006) and Doss (2008) estimate that by 2006 only 2-4% of Egyptians were 

infected with HBV.  

HCV on the other hand has persisted in the population at high levels, and the large viral 

reservoir has allowed for continued transmission. Both of these factors have led to HCV 

becoming the leading cause of chronic liver disease in Egypt. A number of studies have found 

that the prevalence of anti-HCV seropositivity in HCC cases ranges from 61-87.9% (Mabrouk 

1997; Abdel-Wahab 2000; El-Zayadi 2005; Yates 1999; Strickland 2006). As the cohort of those 

who acquired HCV during the PAT campaigns and those who have since developed a chronic 

HCV infection age, the prevalence of HCC and other chronic liver conditions will continue to 

rise (El-Zahadi 2005; Deuffic-Burban 2006; Shaker 2013), placing an ever increasing burden on 

Egypt’s health care system. Therefore, research over the past 20 years has focused on how to 

accommodate those currently infected and how to prevent new infections. The concentration of 

my research has been on the latter. 

 

6.2 Reason for Using a Dynamic Compartmental Model  

The studies to date on HCV transmission in Egypt have used case-control, cross-

sectional, and cohort designs with the purpose of identifying the risk factors that are now the 

main routes of transmission for HCV in Egypt. Many of the cross-sectional and case-control 

studies used odds ratios and relative risks to identify which risk factors are more strongly 

associated with anti-HCV seropositivity, which is informative, but is clouded by the fact that 

many individuals have multiple exposures to HCV risk factors. For example, over the course of 

her lifetime, an anti-HCV+ woman could give birth at home with an informal attendant, receive 

dental care, live with an HCV seropositive family member, and receive multiple therapeutic 
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injections. How to determine the primary risk factor that contributed to HCV transmission is 

unclear. Furthermore, for some risk factors such as therapeutic injections or circumcision, the 

vast majority of the Egyptian population has been exposed. Over 70-90% of the Egyptian 

population has been circumcised (Medhat 2002; Habib 2001; Darwish 2001), and over 80-90% 

of the population has been exposed to therapeutic injections in their lifetime (Talaat 2003; El-

Zanaty and Way 2009). In these cases, an odds ratio or relative risk may under- or overestimate 

the association between the risk factor and HCV status because of an insufficient pool of 

unexposed individuals against which to compare the exposed.  

Prospective cohort studies measuring incidence are better designed to capture specific 

causes of HCV infection, but the silent nature of the HCV infection (only 20-30% of cases 

present with symptoms in the acute phase (Chen 2006; Hoofnagle 2000) can still obscure the 

actual source. Furthermore the cost and length of time needed to gather enough data on incidence 

often make these types of studies impractical. Finally, all of the above study types cannot capture 

the changing influence of different risk factors over time. 

To overcome many of the hurdles to studying HCV transmission in Egypt mentioned 

above, I employed a dynamic infectious disease model. The benefit of this model is that it 

provides insight into the dynamics of HCV in a population by tracking the changes in the 

numbers of susceptible and infectious individuals. Within this framework, I evaluated the role 

different risk factors had in transmission. It also allowed me to introduce interventions that 

would limit or stop transmission and see how those factors influenced the disease dynamics. 

With these features of the model, I moved beyond the data currently available in the literature 

and produced a tool that can use this information to evaluate gaps in the data and provide 
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intervention targets for health policies aimed at reducing incidence and lowering prevalence of 

HCV in Egypt. 

A number of groups have used modeling to study HCV, most of which are discussed in 

Section 3.2. Those who focused on HCV in Egypt did not use the dynamic compartmental model 

format. Those who did use the compartmental format looked at HCV in the context of IDU 

communities (in the U.K. and the U.S.) where the source of infection is limited primarily to 

unsterilized, shared needles and syringes. Furthermore these communities are relatively closed 

and the susceptible population is readily identifiable, namely an ID user (although close contacts 

of a user could also fall into the susceptible category). Modeling HCV in Egypt, on the other 

hand, presents a number of new challenges not faced in the IDU HCV models. First, the sources 

of infections are many and varied. They range from surgeries in a hospital to therapeutic 

injections at the local pharmacy to living with an HCV+ family member. Secondly, the 

susceptible population, when one is looking at iatrogenic and community-based HCV 

transmission, is the whole population, not just a select group.  

The first step I took to build the HCV in Egypt dynamic model was to estimate the 

historical HCV incidence curve in Egypt beginning in 1950, the time when Egypt’s MOHP 

ramped up its anti-schistosomiasis campaigns. To build this curve, I used HCV prevalence, HCV 

incidence, and demographic data drawn from the literature. Once I was confident that my 

historical incidence curve accurately reflected the HCV epidemic in Egypt, I used those results 

as the foundation for my model of HCV in Egypt. The model involved a system of differential 

equations that represented the changing numbers in the susceptible and the infectious 

populations. From the infectious population I could estimate the number of “ever infected”. The 

FOI represented the rate at which individuals moved from the susceptible to the infectious 
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compartment and consisted of three constituent rates for the main risk factor categories: PAT, 

blood transfusion, and Other. Other included hospital admissions, therapeutic injections, HCV+ 

family members, etc. The parameters representing these factors were calculated from data in the 

literature on risk factor exposure. The system also included differential equations that 

represented the relative contributions of PAT, blood transfusions, and Other. The demographic 

parameters, specifically birth and mortality rates, were also drawn from the literature and 

databases managed by the World Bank and the United Nations. Once the system of differential 

equations and the model parameters were set, I could run the model and begin to align it with the 

historical data. 

An advantage to dividing the FOI into three different categories was that I could apply 

different external changes to the system at different time points to represent the ending of the 

PAT campaigns, the implementation of blood screening, and an increase in infection control 

following the identification of the virus. This feature was important for accurately reflecting the 

course of HCV infection in Egypt and bringing the model in line with the historical data. 

 

6.3 Discussion of the HCV in Egypt Model and Results 

Once the model matched the data, I could evaluate several scenarios on projected future 

prevalence. These scenarios included maintaining the status quo and introducing two approaches 

to interrupting transmission: infection control and treatment. I also ran the model with parameter 

inputs that represented a hyperendemic region such as Al Qalyubiyah governorate in the Nile 

Delta and a low prevalence region such as the Assiut governorate in Upper Egypt. The model 

output of these scenarios shows how the model could be used to assess the HCV transmission 
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under different conditions and to set public health policy goals for reducing future HCV 

transmission in Egypt. 

Figure 5-9a and b indicate that the number of infectious individuals will continue to drop 

over the next 85 years even with no additional measures taken. However, the decline is slow and 

such a trend will continue to add significant numbers to the pool of individuals with chronic liver 

disease. Table 5-9 and Figures 5-10a, b, and c demonstrate the effects of achieving certain 

milestones in HCV interventions. Table 5-9 shows the incremental impact on the prevalence of 

HCV in the years 2025 and 2050 by, first, only increasing infection control, and second only 

increasing treatment coverage. Both approaches individually achieved a significant decline in the 

number of infectious individuals. The levels of intervention for each approach (increasing the 

annual removal of contaminated Other sources of infection from 20% to 35% and annually 

curing 25% of the infectious population) that brought the prevalence of infectious individuals 

down to pre-epidemic levels (<2%) by 2025 are shown in Figures 5-10a and b. Figure 5-10c 

shows the result of implementing a combination of infection control and treatment. Using lower 

levels of both interventions (increasing the annual removal of contaminated Other sources of 

infection from 20% to 30% and annually curing 10% of the infection population) yielded even 

better results in the form of lower prevalence in 2025 than the higher level of each intervention 

individually (1% compared to ~1.5%).  

In the hyperendemic HCV in Egypt model, I used a population size similar to that of the 

Al Qalyubiyah governorate and an initial infectious population that would lead to a 24% 

prevalence of anti-HCV seropositivity for the year 2000. The 24% prevalence was based on the 

findings of Abdel-Aziz et al. (2000) and Arthur et al. (1997). The infectious curve for the 

hyperendemic scenario is shown in Figure 5-11a. Even with such a high peak incidence at the 



!
 

106 

end of the PAT campaigns, the projection indicates that the number of infectious individuals will 

decline over time with no additional interventions, although at a slow rate. Figure 5-11b shows 

that even modest efforts at interventions i.e. increasing the annual removal of contaminated 

sources from 20% to 30% and providing enough treatment to annually cure 10% of the infectious 

population can have a profound effect on the infectious curve. With these levels of intervention, 

the prevalence of infectious individuals in a hyperendemic region falls to 1.7% 

In the low prevalence setting, I based the parameters on data from the Assiut governorate 

in Upper Egypt. Medhat et al. (2002) estimated that the prevalence in 1997 in this region was 

8.7%. When the model included that data point, the prevalence with no interventions dropped to 

around 4% by 2025. If only increased infection control (from 20% to 30%) was introduced, 

prevalence of ever exposed dropped to 2%. Treatment produced similar results, but I wanted to 

emphasize the effectiveness in this scenario of only relying on infection control, which is less 

costly and easier to scale up as I discuss below. 

When addressing how to translate these scenarios into public health policy, the short-term 

and long-term costs of the status quo and each intervention must be addressed. This step is 

especially important in low-income countries where the allocation of the limited resources must 

be done in a cost-effective, high impact way. Infection control generally has a lower per case 

cost than treatment, i.e., proper sterilization of medical equipment and use of disposable needles 

cost less than providing the current HCV treatment ($2000)(Momenghalibaf 2013; Doss 2008) 

and much cheaper than the new treatments now available ($84,000 for sofosbuvir) (Ryan 2013). 

While the aggregate national cost of infection control, i.e., improving proper infection control 

procedures and equipment in the formal and informal healthcare sectors from large urban 

hospitals to remote rural health clinics to traveling injectionists and campaigns to educate the 
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public about HCV transmission and how they can protect themselves, may be costly in the 

immediate future, it has the benefit, not only to prevent future HCV cases, but also to prevent 

other infections such as HBV, HIV and many others. Furthermore, as the model indicates, Egypt 

does not need to achieve 100% effective infection control to see significant decreases in the 

transmission of HCV. 

Treatment on the other hand has a high per case cost. However treatment has a double 

benefit. First it reduces the number of new infections by reducing the infectious population. 

Second, by reducing the number of chronically infected, treatment reduces the number of those 

who are currently at high risk for chronic liver disease, thereby lessening the burden on the 

healthcare system. Additionally, the model shows that a modest increase in treatment coverage 

can achieve significant reduction in transmission. Wider treatment coverage, however, would 

have a greater impact on reducing future cases of chronic disease. While incorporating the cost 

of interventions or the cost of caring for and treating future cases of chronic liver disease in those 

already infected with HCV was outside the scope of this research, it is a factor that could easily 

be evaluated with the HCV in Egypt model.   

 

6.4 Strengths and Weaknesses 

The most significant weakness to this study was a dearth of data. While most steps in the 

modeling process relied on data from published studies or reports, there were gaps for which 

assumptions and interpolative estimates were needed. Furthermore, the sources for the data 

rarely had consistent methods of data collection, which often made direct comparisons difficult. 

The model proposed in this paper would be improved by data collection directed towards the 
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input needs of the model, such as more data on risk factors for HCV transmission in community 

or intra-familial settings. 

Secondly, the model is limited to the data available, which influenced the values of the 

parameters. The outcomes are based on the assumption that the data is an accurate representation 

of the reality of HCV in Egypt. While I relied on a broad range of data to support and justify the 

model, interpretation of the model’s output much take these limitations into consideration. 

Another weakness is that the measure of HCV prevalence most frequently reported was 

anti-HCV seropositivity. While measuring exposure or anti-HCV seropositivity was important 

for identifying the scope of the population in Egypt ever infected with HCV over the 60-year 

period of interest and for building the historical incidence curve, it is a poor metric for examining 

transmission, which depends on the proportion of infectious persons in the population. 

Therefore, identifying the number of infected persons, i.e. those persons positive for HCV RNA, 

at time t is more meaningful in terms of the model’s goal of measuring transmission. However, I 

tried to remedy this situation when aligning the model to the historical data by keeping the 

infectious curve at 70% of the historical “ever infected” data. This method produced an end 

prevalence of infectious individuals that matched the estimate in the EDHS. 

The first strength of the HCV in Egypt model is the fact that it required reconstructing the 

historical data to bring together many pieces of the puzzle, such as the estimates of prevalence 

and incidence of HCV in Egypt and the data on transmission risk factors, and thus allowing a 

more complete picture of the epidemic. It demonstrated that ending the PAT campaigns had a 

significant effect on reducing transmission. It also indicated that incidence is currently holding 

steady with a slight downward trend.  
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With a better understanding of how the current high prevalence in HCV arose in Egypt, 

the model allowed me to turn my attention to the best approaches for ending HCV transmission, 

which brings me to the model’s second strength. The model is an effective tool for understanding 

the impact of different interventions on transmission and for evaluating different scenarios 

involving different intervention levels. It can also be adapted to different conditions such as 

HCV prevalence and demographic characteristics of the population. This factor allows the model 

to be applied to specific regions of Egypt in addition to the whole country. 

The third strength of this model builds on one of the model’s weaknesses, namely the 

lack of data. By reviewing the data with the degree of detail that I did, I was able to identify 

specific information that would be useful for both improving the HCV in Egypt model and 

would provide greater insight into the most influential routes of transmitting HCV in Egypt. To 

estimate the parameters βi, and εi, I needed to know the annual number of exposures to risk 

factor i and the probability that the exposure was contaminated with HCV. For αi, I needed to 

know the probability of transmission given the source was contaminated with HCV. This 

information was available for some risk factors, but had to be estimated for others based 

transmission probabilities for similar risk factors. By identifying these key pieces of information 

that are lacking, the model suggests future directions for how to study HCV in Egypt, which will 

be discussed more in-depth in the Section 6.6. 

 

6.5 Public Health Recommendations Based on HCV in Egypt Model 

 The model shows that both infection control and treatment are both effective at 

decreasing the number of new cases. While acknowledging the limitations discussed in the 

previous section, I would recommend that Egypt focus first on infection control education and 
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implementation. In urban areas, the priority should be ensuring proper sterilization and disposal 

protocols, and better management of medical waste within hospitals and clinics, i.e. the formal 

health care sector. The MOHP should also implement a needle exchange pilot program to test the 

efficacy of making clean disposable needles and syringes more available to those who use 

injections to administer therapeutic medicine and vitamins, especially those who report frequent 

use of injections.  

In rural areas, where the informal healthcare sector plays a larger role, providing more 

resources for education about HCV and how it is transmitted should be the emphasis. In the same 

way that direct outreach and education has been effective at helping families reduce exposure to 

environmental tobacco smoke (Mohlman 2013), recruiting and coaching informal providers to 

educate their patients about HCV and how to avoid transmission would be an effective way to 

increase and improve HCV knowledge within the population. While needle exchanges may not 

be as feasible in less densely populated areas, increasing the availability of single-use medicine 

vials for therapeutic injections and emphasizing the need to sterilize and not share equipment is 

another step that would reduce transmission. Injectionists and pharmacists could offer 

sterilization as part of the services they provide. 

The main reason I recommend infection control as the first step is that it is easier to scale 

up HCV education campaigns and improve awareness about infection control than it is to 

establish HCV screening and treatment programs. However, following up infection control with 

treating a greater number of HCV positive individuals is an important second step for reducing 

the number of infectious individuals that could potentially transmit the virus and the number of 

individuals at risk for chronic liver disease. Given the cost of screening for and treating HCV, 

treatment efforts should focus on those areas and communities with the highest HCV prevalence, 
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e.g. rural areas in the Nile Delta. As the low prevalence scenario showed, infection control on its 

own is effective at bringing prevalence back to the pre-epidemic levels in Upper Egypt. This 

step-wise and targeted approach to addressing HCV would effectively reduce transmission and 

decrease the burden HCV puts on the Egyptian healthcare system. 

 

6.6 Future Directions for Research on HCV in Egypt 

The lack of available information in the literature on HCV transmission became very 

clear when I began to estimate the parameter values for the Other category of risk factors. This 

category included hospital admission, therapeutic injections, HCV+ family members, 

circumcision by an informal provider, births at home or with an informal attendant, and dental 

procedures. This category made up the vast majority of exposures (97% of all annual exposures 

from 1950 to 1985 and 99% of exposures following the end of the PAT campaigns); therefore 

any adjustments to the Other parameters had a substantial impact on the model. It also meant that 

most of the current transmission was occurring through risk factors included in the Other 

category. Breaking the Other category into its constituent parts and including them with their 

own specific parameters in the model was my initial goal. However, because of the lack of 

information on annual exposures, probability that an exposure was contaminated, and the 

probability of transmission given a contaminated exposure, my best option was to estimate these 

values and use the aggregate risk in a single category. Any future efforts in modeling HCV in 

Egypt would benefit from more information on the constituent factors. 

 As discussed in Section 5.2, the risk factors that were most studied were those in the 

formal healthcare sector. Despite being the most studied, the data still had gaps that made it 

difficult to estimate parameters specific to those risk factors. For example, while there was 
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information on annual exposure to hospital admissions, identifying the exact aggregate 

probability of transmission was not possible. Future studies should look more closely at specific 

points of potential HCV exposure in a hospital or clinic setting, the probability that medical 

equipment used in that exposure is contaminated with HCV, and the probability of transmission 

during a specific hospital procedure if HCV contamination is present. For example, surgery may 

have a high probability of transmission given the highly invasive nature of this exposure and the 

multiple instruments that may come into contact with the patient. Intravenous catheters on the 

other hand are less invasive than most surgeries, but the length of time the catheter remains in the 

patients may increase the odds of infection. Understanding the relative risks carried by the these 

two risk factors and others within the hospital setting will provide a clearer picture of the role 

hospital admissions have in transmitting HCV. 

In addition to understanding more about transmission in a hospital, more information is 

needed on the difference between exposures for in-patient and outpatient services. In the 

systematic review of transmission risk factor studies, only one made the distinction between 

these two components of the formal healthcare sector (Kandeel 2012). Future research that 

makes this distinction would provide a more complete understanding of the full spectrum of 

healthcare options, which include the informal healthcare sector in Egypt, and the potential for 

each sector to contribute to HCV transmission. 

Regarding the informal sector, obtaining more information on the potential for 

transmission during births at home with an informal attendant, dental treatments, and 

circumcision would be beneficial to modeling HCV in Egypt. One approach is to review the 

infection control measures in place for these procedures. Ascertaining the probability that 

medical equipment is contaminated with HCV is one approach to assessing how well infection 
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control measures are followed. Since HCV can remain viable on inanimate objects for up to 6 

weeks (Paintsil 2014), identifying where sterilization procedures fall short is an important step to 

preventing transmission. In a hospital, this task could be part of a hospital’s routine infection 

control procedures. For informal health, a study could combine testing equipment for evidence of 

HCV contamination with community education aimed at increasing awareness of HCV 

transmission and how to appropriately clean medical equipment. This effort would have the two-

fold benefit of evaluating current transmission and reducing future transmission  

Beyond needing more data, future research on HCV in Egypt would benefit from 

establishing more consistency in the data collected. For example, in the studies reviewed for the 

risk factor assessment, the framing of the questions about injection practices varied widely. 

Question topics included whether: 

• the respondent ever had an injection;  

• the injection was intramuscular or intravenous; 

• an informal healthcare provider administered the injection; 

• the syringe or needle was shared 

• the respondent had ten or more injections but not frequent 

• the respondent had frequent injections 

• the injection was reused or unsafe 

• the respondent was an IDU 

The range of topics addressed made it difficult to compare the responses across the studies. To 

better understand the impact of injection practices on transmission, future questions should focus 

on total annual exposure, frequency of injections per person, the potential for that injection to be 

contaminated with HCV (i.e. reuse without sterilization), and if possible, identifying cases that 

result from injections. 
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Finally, the role of transmission dynamics within a family with an HCV+ member needs 

more research. Studies have shown an association between being anti-HCV+ and having a family 

member who is anti-HCV+, especially children who have an anti-HCV+ parent and were unlikely 

to experience other exposures. Within a family, transmission is unlikely to occur through one 

notable exposure with a high probability of transmission, but through one of multiple exposures 

with low probability of transmission. Studies looking at intra-familial dynamics should focus on 

potential HCV exposures within a household, e.g. sharing a razor, treatment of open wounds, 

etc., and the probability of transmission given exposure to estimate the full impact intra-familial 

transmission has on Egypt’s HCV incidence.  

While more complete data would certainly improve the HCV in Egypt model as I have 

developed it, evaluating the introduction of additional factors would be another direction for 

future research. For example, one could assess whether stratifying the population into different 

groups improved the accuracy or usefulness of the model. One approach to stratification is to 

identify the most vulnerable members of the population by stratifying the population into high, 

low, and no risk categories. This tactic would require establishing criteria to identify individuals 

that qualify as high risk such as those who receive frequent therapeutic injections or need 

multiple blood transfusions. Risk could also be stratified by geographic region, i.e. high and low 

HCV prevalence regions. Another common way to stratify a population is by age. While age is 

risk factor for being currently infected with HCV (El-Zanaty and Way 2009), not much data is 

available to indicate whether age is presently an indicator for HCV transmission. 
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6.7 Summary 

 By having the highest prevalence of HCV in the world, Egypt is an interesting case study 

in how to address two issues: 1) preventing transmission of HCV in order to limit the current 

endemic state of HCV; and 2) addressing the reservoir of individuals who presently have a 

chronic HCV infection and are at high risk for developing chronic liver disease such as cirrhosis 

and HCC. The good news is that addressing one of these issues helps address the other. As 

demonstrated in Section 5.6, either increasing infection control measures or making treatment 

more available will reduce the number of infectious individuals in the population. Modest 

increases in these interventions when they are applied together will produce the same results 

compared to higher levels of these interventions applied separately. This result holds true in a 

hyperendemic scenario as well (Section 5.7). Reaching these same conclusions with only the 

data currently available in the literature, i.e., HCV prevalence and incidence and ORs or RRs for 

HCV risk factors would not be possible; this demonstrates the value of using a dynamic 

compartmental model to assess HCV in Egypt. 

While my HCV in Egypt model would be improved by more and better data, especially 

data that would allow me to break up the Other category into its constituent risk factors, the 

model in its current state is still a valuable tool. First, the model is valuable for public health 

officials. It allows them project the future effects of different scenarios and to identify public 

health policy goals that, if met, would reduce the burden of HCV on the Egyptian healthcare 

system. Second, by estimating the historical data, I was able to show a substantial decrease in 

incidence that followed the end of the PAT campaigns, an indication that incidence is sensitive to 

interventions. This conclusion was enforced by the steep decline in the number of infectious 

individuals with the introduction of interventions in the model. Both of these results show that 
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with the appropriate resources and political will, Egypt can move past HCV as a top health 

concern.  
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APPENDIX A: COMPARING THE HEPATOCELLULAR CARCINOMA STUDY CONTROL 
GROUP WITH THE EDHS 

 
 The following prepared manuscript (in process of being submitted) reviews the control 
group of the HCC Study and compares its demographic and HCV-associated attributes with the 
population from the EDHS. 
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ABSTRACT 
 
Objectives 
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-associated death in the 
world. Egypt, with the world’s highest prevalence of hepatitis C virus (HCV), a major cause of 
HCC, is experiencing rising liver cancer incidence. Data from the control group of a study on 
factors contributing to HCC was analyzed for information on risks for HCV not previously 
reported. These results were also compared to data from the Egypt Demographic and Health 
Survey 2008 (EDHS) for further insights on the continuing HCV epidemic. 
 
Methods 
A cross-sectional approach was used to evaluate the control sample in an HCC case-control 
study among Egyptian residents. Diagnosed HCC cases were matched with controls by age, 
gender, and area of residence. Statistical analysis of the control group’s data on risk factors and 
HCV seropositivity included Pearson’s χ2 test and logistic regression. Comparisons between the 
HCC Study and the EDHS sample involved two-sample proportion tests.  
 
Results 
Older age, being male, and rural residency were all associated with higher HCV prevalence. Of 
blood-borne transmission routes, only parenteral antischistosomiasis therapy (PAT) was 
significantly associated with being seropositive for HCV in the HCC Study. Other factors 
considered and compared with EDHS results were therapeutic injections, blood transfusion, and 
blood donation. 
 
Conclusions 
The study shows that PAT does not fully explain HCV seropositivity. Furthermore a disparity 
between this study and previous studies linking therapeutic injections to HCV seropositivity may 
indicate a need for a different approach to studying the relationship between injections and HCV 
seropositivity. With 99.8% of the control group having received therapeutic injections at some 
point, there were not enough subjects with no exposure for meaningful comparison.  
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BACKGROUND 
 
Hepatocellular carcinoma is increasing worldwide (WCRF 2013), and particularly in Egypt. 
From 1997 to 2001, the country saw the frequency of liver cancer double (Anwar et al. 2008a), 
and the most recent estimate of incidence is 14.6 per 100,000 for men and 4.2 per 100,000 for 
women (IARC 2008). A contributing factor to the development of HCC is chronic hepatitis C 
virus (HCV) infection. Those who are chronically infected are 15 to 20 times more likely to 
develop HCC than those without HCV infection (El-Serag 2011). Egypt has one of the highest 
HCV prevalence rates in the world at 14.7 percent in the general population and even higher in 
certain subgroups (El-Zanaty & Way 2009). This epidemic has been attributed to the parenteral 
antischistosomal therapy (PAT) campaigns of the 1950s to 1980s (Frank et al. 2000).  
 
To better understand the etiology of HCC, researchers from a coalition of U.S. and Egyptian 
institutes collected data between 2001 and 2010 for a case-control study of HCC among 
Egyptian residents (subsequently referred to as “the HCC study”). The HCC study’s goal was to 
identify risk factors by comparing individuals diagnosed with HCC with controls matched by 
age, gender, and area of residence. Investigators collected demographic data and information on 
potential environmental and viral risk factors. Results of case-control comparisons on HCV and 
HBV infections, pesticide exposures, and aflatoxin biomarkers were reported in earlier 
publications (Abdel-Hamid et al. 2007; El-Kafrawy et al. 2005; Ezzat et al. 2005; Goldman et al. 
2009a; Goldman et al. 2009b; Gouda et al. 2010; Nada et al. 2005; Turner et al. 2008). Due to 
the central role of HCV in Egypt’s HCC incidence, the expected rise in HCV-associated HCC 
mortality (Deuffic-Burban et al. 2006), and the relative decrease in the burden of HBV in Egypt 
(Anwar et al. 2008b), in this paper we investigated the risk factors and demographic 
characteristics associated with HCV infection among the control group of the HCC study. We 
also evaluated the effectiveness of the sampling methodology in achieving a representative 
control group by comparing the HCC study’s dataset to the nationally representative data from 
the Egypt Demographic and Health Survey 2008 (EDHS) (El-Zanaty & Way 2009). 
 
 METHODS 
 
Description of the HCC Study’s Sample Population and Data Collection 
 
Details of case and control enrollment, case confirmation, interview procedures, and 
participation have been previously described in detail (Ezzat et al. 2005). Briefly, participants 
were residents of Egypt who lived in the Cairo-Giza metropolitan area and in surrounding 
governorates. Cases were defined as those diagnosed with HCC and were recruited at the NCI-
Cairo. Controls, recruited at Cairo University’s orthopedic hospital, were selected to frequency-
match the cases according sex, age category (five-year age groups), and current residence type 
(i.e. rural or urban). Additional rural male controls were recruited at public health clinics in 
villages of the Al Qalyubiyah Governorate, north of Cairo, to ensure adequate matching by 
residence (Ezzat et al. 2005). Inclusion criteria included being over the age of 17, having 
residence in Egypt for at least a year, and having the competence to complete the survey. The 
total number of control participants was 1,761. Both groups were assumed to come from the 
same socio-economic level since both medical facilities where recruitment occurred provided 
state-sponsored healthcare and served the same geographic region.  
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All participants signed informed consent forms or had a witness sign if they were unable. 
Information on those who refused to participate and their reason was also documented. The 
protocol was approved by the Institutional Review Boards of Georgetown University, the 
University of Maryland, Baltimore, and Cairo University. An interviewer administered the 
questionnaire face-to-face with participants and recorded their answers. Additionally, researchers 
collected ten milliliters of blood from participants for serological testing that included tests for 
HCV antibody and HCV RNA, as well as HBV core antibody and HBV surface antigen, as 
previously described (Ezzat et al. 2005).  
 
Description of the EDHS Sample Population and Data Collection 
 
The purpose of the EDHS was to collect health-related data to assess progress in Egypt’s health 
programs and to plan for future health needs. The whole sample was selected to represent 
Egypt’s national population. After identifying the sampling pools stratified by geography, 
urban/rural status, and population size, a systematic random sampling process selected 
households (El-Zanaty & Way 2009). A quarter of these households were randomly selected as a 
subsample for the health-specific interviews and HCV testing. 18,968 households were 
successfully interviewed in the overall study, and 4,662 of these households were included in the 
health interview subsample, in which men and women age 15-59 were eligible to participate.  
 
Assessment of HCV status  
 
Both the HCC and EDHS studies used third generation ELISA screening tests to identify the 
presence of HCV antibodies. The HCC study also used reverse transcriptase (RT)-PCR to test for 
HCV RNA. Where there were discordant results between the ELISA and RT-PCR tests, 
conventional PCR was used to retest for HCV RNA. In the EDHS, Quantitative Real Time PCR 
was used to detect HCV RNA.  
 
Statistical Analysis 
 
Data analysis focused primarily on the distribution of the variables of interest among the HCC 
study’s control sample. Where appropriate, the Pearson χ2 test was used to assess the significance 
of the differences between group responses. A two-sample proportion test measured the 
differences in prevalence between the samples from the HCC study and the EDHS. Logistic 
regression was used to examine the relationship between explanatory variables and the HCV 
status of participants from the HCC study. 
 
Since the HCC study’s data was collected over a period of 10 years, a conversion between age at 
interview and year of birth was needed for a meaningful comparison with the EDHS data, which 
was collected over a one-year period. For both studies, we subtracted the age from the year of 
data collection and created the 5-year age groups in terms of year of birth. Table 1 shows the 
conversion between age groups and year of birth for the EDHS data and the corresponding HCC 
study year of birth groups.  
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RESULTS 
 
Demographic Characteristics 
 
The HCC study controls’ year of birth ranged from 1913 to 1992 with the median being 1959. If 
the HCC study’s control group is limited to only those born after 1949 (the time period matching 
that of the EDHS), the median year of birth would be 1965. Using 2008 as a reference year, the 
median age in the HCC study is 49 for the whole control group and 43 for the subgroup born 
after 1949. The median year of birth in the EDHS’s health interview subgroup was 1985 and the 
median age was 22.5 (the median age was not available for the full survey group). Regarding 
gender, the HCC study’s control group was 62.0% male compared to 49.3% in the EDHS. 
 
Figures 1a and b show the age distribution by gender for the HCC study’s control group and the 
EDHS. Figures 1c and d show the subpopulations for the EDHS’s health survey and the 
corresponding age groups in the HCC study. These figures highlight the higher proportion of 
males and older age groups in the HCC study’s control group. 
 
Table 2 shows HCV antibody status stratified by gender and age group. Among males in the 
HCC study and both males and females in the EDHS, there was a consistent decrease in the 
prevalence of HCV antibody. Table 2 also shows that overall prevalence and the prevalence for 
each age group. While there was a large gap between overall prevalence of HCV antibody in the 
HCC study’s sample and the EDHS population, this difference decreased considerably for 
specific age groups. For example, in the total population, the difference for males was 9.9 
percentage points. In the oldest age group, this difference shrank to 6.5 and continued to decrease 
in the younger groups. There was more variability among female age groups, but again this could 
be due to the small number of observations, especially in the younger groups. 
 
Place of residence was an important factor for HCV infection in Egypt. Figure 2 shows the age 
distribution of place of current residence, which follows closely the overall age distributions in 
each study; they also reveal that the HCC study has a higher proportion of subjects whose current 
residence is rural in the age groups with the highest HCV seropositivity. Among the participants 
in the HCC study, 65.2% percent reported a rural place of birth, but 56.5% reported rural 
residence.  
 
Exposure to Blood-Borne Transmission Routes 
 
Receiving an injection, a common method in Egypt for administering therapeutics, is an example 
of such a risk factor. Only 3 individuals, 2 males and 1 female, in the HCC study reported having 
never received an injection in their lifetime. The overwhelming majority, 99.8% of the HCC 
study’s control group, reported having received at least one injection. Of those who had received 
injections in the HCC study, 29.4% tested positive for HCV antibody. In the EDHS, 93.1% of 
the sample reported receiving injections in their lifetime. Of these, 14.9% tested positive for 
HCV antibodies. Of those who never received an injection, only 11.6 % tested positive for HCV 
antibodies. Table 4a shows in more detail the lifetime injection history reported by participants 
in the HCC study and their HCV status. The percentage of anti-HCV positive individuals 
increased with the number of injections the subject received. However, logistic regression 
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revealed no significant relationship with HCV status after adjustment for age, sex, and place of 
birth. Table 4b shows injection history for EDHS, but is limited to only the 6 months queried in 
that study, which make any direct comparisons between the studies difficult.  
 
In assessing how common exposure to certain transmission risks are, Table 5 lists the percent of 
the sample populations exposed to three potential routes of transmission – PAT, blood 
transfusion, and blood donation. Table 6 shows HCV prevalence among those who were and 
were not exposed to these three routes. Of the 1,408 participants in the HCC study who had 
never received PAT and the 305 who had, 80.6% and 81.3% respectively had results for the 
HCV antibody testing. Of the 1,417 respondents who never had a blood transfusion and the 324 
who had, 79.7% and 84.3% respectively had results for HCV antibody testing. Finally, of the 
1,252 who had never donated blood and the 487 who had, 79.1% and 84.4% respectively had 
results for HCV antibody testing. The results of this tests are shown in Table 6. 
 
Regarding exposure to antischistosomal injections, in the EDHS, only 8.3% received the 
treatment. In the HCC study for the corresponding age groups, the percent almost doubled yet 
still remained below 15%. This difference is significant with a p-value of < 0.01. The percent in 
the HCC study’s older group who received PAT was more than 3 times greater than the EDHS. 
According to logistic regression analysis of the HCC study’s control group (data not shown), 
men were 3.8 (95% CI (2.7, 5.2)) times more likely than women to have received PAT after 
adjustment for age. Each 5-year age group was 1.3 (95% CI (1.2, 1.3)) times more likely than the 
next younger group to have received PAT when adjusted for gender. Those born in rural areas 
were 3.9 (95% CI (2.7, 5.6)) times more likely than those born in urban areas to have received 
PAT when adjusted for both age and gender.  
 
Concerning prevalence of HCV among those who did and did not receive PAT, in both the HCC 
study and the EDHS, prevalence of HCV was much higher for those who received PAT. This 
trend held true across all age and gender groups, although prevalence appeared to rise with age. 
The older group in the HCC study had higher prevalence of HCV positive subjects than the 
younger group. The younger group, which had an older median age than EDHS, had higher 
prevalence than the EDHS group. Logistic regression analysis of the HCC study showed that 
those who had received PAT were 3.2 (95% CI (2.3, 4.4)) times more likely than those who had 
not to be positive for HCV anti-bodies, after adjustment for gender, age, and place of birth (data 
not shown). Despite the significant relationship between receiving PAT and being anti-HCV 
positive, Figure 2 demonstrates that PAT does not wholly explain the prevalence of HCV. While 
HCV prevalence in the HCC study peaked for the 1940 to 1954 age groups, the proportion of 
those who received PAT did not change much and even dipped a little for these age groups.  
 
Table 5 shows the percent of the population sample that received a blood transfusion. There was 
no significant difference between the older and the younger group. There was, however, a 
significant difference (p-value < 0.01) between the younger group and the EDHS sample. Table 
6 shows the percentage of respondents who were HCV positive based on whether they had 
received a blood transfusion. There was no significant difference in the percent positive based on 
transfusion history for any of the groups except for the females born in or before 1949 (for whom 
the p-value was 0.01); however, after adjustment for age and gender, blood transfusion had no 
significant impact on HCV status (data not shown).  
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The HCC study also addressed the risk of transmission due to blood donation. Table 5 shows that 
the younger group had a higher proportion of participants who donated blood in their lifetime, 
but, as shown in table 6, higher participation in blood donation did not appear to impact the HCV 
Logistic regression analysis (data not shown) supports this observation.  
 
Finally, the HCC study asked participants about whether they had been diagnosed with diabetes 
and if so, whether controlling their diabetes required insulin. Since insulin is administered 
through injections and not always under direct medical supervision, this was seen as possible 
route of transmission. However, neither the diagnosis of diabetes or reported use of insulin had a 
significant association with HCV antibody status when adjusted for age group and gender (data 
now shown). 
 
Discussion 
 
Demographic variables and HCV 
 
The detailed analysis of the HCC study’s control group in comparison with the EDHS results 
showed that the former study’s control group differed from the general population in being older 
and predominantly male. This outcome was expected and desired for a group matched with HCC 
cases since HCC mostly affects older individuals; it is rarely seen in anyone under 40 and 
incidence peaks around the age of 70 (El-Serag 2011). Additionally, many studies have shown 
that in Egypt and in general men are at a higher risk for both HCV infection and developing 
HCC (El-Serag 2011; Strickland 2006). While there were substantial differences between the 
HCC study control and the EDHS sample overall, there was much agreement when equivalent 
age groups stratified by gender were compared. This result would indicate that the HCC study’s 
control group is an accurate reflection of older, predominantly male subpopulations in Egypt.  
 
Regarding residence, the HCC study has a higher proportion of rural residents relative to urban 
in the older age groups compared to the EDHS (Figure 2). Given the higher HCV prevalence in 
rural areas as is apparent in Table 3 and in other studies (Frank et al. 2000, Abdelwahab et al. 
2012), and the connection between HCC and HCV, we would expect to see a higher proportion 
of rural residents in a group matched to HCC cases. Figure 2 also shows that the relative 
proportions are reversed in the younger age groups, which explains why the overall distribution 
of current residence is similar in the two studies. 
 
Another approach to evaluating the HCC study’s control group is to consider the exposure to 
PAT among the participants. The year of birth in the HCC control group ranged from 1913 to 
1992, and the year of birth in the EDHS ranged from 1949 to 1993. The PAT campaigns lasted 
from the 1950s to the early 1980s and targeted everyone over the age of 6 who tested positive for 
Schistosoma eggs in their stool. Therefore there a substantial proportion of the samples in each 
study were alive during the campaigns and had the potential to be exposed to this risk factor. 
However, with the age distribution in the HCC study skewed towards older age groups and in the 
EDHS skewed towards younger age groups, we would expect to see a greater proportion of the 
HCC group with exposure to PAT, which is the result shown in Table 5. Even when limiting 
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analysis to the equivalent age groups, i.e. those born after 1949 in the HCC study, a significantly 
higher proportion of participants in the HCC study reported receiving PAT compared to those in 
the EDHS (p-value < 0.05). The gap increased further when comparing the HCC study’s older 
group, i.e. those born in or before 1949, to the EDHS population. This result is in line with our 
expectations and further supports the view that the HCC study’s methodology for recruiting the 
control group was effective for accurately reflecting Egypt’s older population and may be 
appropriate in future studies on the link between HCC and HCV or on the dynamics of HCV in 
Egypt’s older population. 
 
Risk Factors for Acquiring HCV 
 
Using the HCC study controls group, we found the prevalence of HCV seropositivity to be 
higher among who received PAT than among those who did not, and that is for both genders. In 
comparison, Guerra et al., in a paper analyzing EDHS results, calculated an age-adjusted odds 
ratio of 2.0 (95% CI 1.7, 2.4) for association between PAT and HCV seropositivity (Guerra et al. 
2012). 
 
As mentioned above, both the HCC study and the EDHS showed a higher HCV prevalence in 
rural areas, especially among older individuals. Logistic regression analysis of the HCC study’s 
control group confirmed that living in a rural area had a significant impact on a person receiving 
PAT - those born in a rural area were 3.9 times more likely to have received PAT.  
 
Table 3 compares the HCC study’s HCV prevalence with place of birth and current residence 
and shows a relative increase in urban prevalence and decrease in rural prevalence, as has been 
reported elsewhere (Frank et al. 2000). This trend suggests urban migration and/or an increase in 
transmission in urban settings may have been influential factors in the current HCV transmission, 
but our data was not sufficiently detailed to further evaluate this hypothesis. 
 
Beyond the PAT campaigns, transmission has occurred and continues to occur through 
nosocomial and community routes in Egypt (Miller & Abu-Raddad 2010). While Egypt has 
made great strides in improving infection control and screening its blood supply, an 
overburdened, under-funded healthcare system does not always promote proper infection control 
measures (Ismail et al. 2007). This especially holds true in countries where an informal 
healthcare system operates in parallel to the official one, such as in Egypt (El Katsha et al. 2006). 
Moreover, Egyptians often use injections to administer medicine and vitamins even when oral 
forms are available (Talaat et al. 2003). Of such non-PAT routes of infection, the EDHS 
reviewed therapeutic injections, blood transfusion, dental treatment, and surgery as risk factors. 
Guerra et al. found significant associations between unsafe injection practices and blood 
transfusions. The HCC study also reported on therapeutic injections and blood transfusions as 
well as blood donations and the use of insulin to treat diabetes. However, no significant 
association between these exposures and HCV antibody status was found, although those who 
received a blood transfusion tended to have a higher HCV prevalence. Only exposure to PAT 
had a significant association with HCV. However, Figure 3 shows the age distribution of HCV 
prevalence by PAT exposure: of note, the two distributions do not follow each other as one 
might expect if PAT was the primary source for HCV transmission. In fact there is a substantial 
disparity between HCV prevalence and PAT exposure in the older cohort, specifically those born 
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between 1913 and 1964). This is a strong indication that PAT has not been the only driver of 
HCV transmission in Egypt.  
 
We must then consider why other risk factors considered it the HCC study are not significantly 
associated with HCV seropositivity. For example, given the popularity of the informal healthcare 
sector and therapeutic injections, it was surprising that injections were not significantly 
associated with HCV status, as other studies have shown (Guerra et al. 2012; Habib et al. 2001; 
Medhat et al. 2002). One explanation is that injections were so common in the HCC study that it 
overwhelmed any potential association with HCV status. Another possibility is that the recent 
shift to disposable single-use needles has reduced transmission risk. Thirdly, the HCC study’s 
main focus was on HCC risk factors and did not cover all possible HCV risk factors such as data 
pertaining to the informal healthcare sector, intrafamilial transmission, and other exposure risks 
identified previously (Mohamed et al. 2005; Mohamed et al. 2006; Paez et al. 2010; Plancoulaine 
et al. 2008). This lack of data was one of the weaknesses in using the HCC study’s control group 
to study HCV risk factors. However, the lack of association between risk factors and HCV 
seropositivity also highlights the difficulty in studying an often-asymptomatic disease where the 
point of infection is difficult to identify.  
 
Another weakness in this study was the conversion from age at interview to year of birth. 
Because the HCC study collected data over a 10-year period, two individuals born the same year 
may have been different ages when data was collected. While the conversion could have led to 
an over- or underestimation of the prevalence of HCV seropositivity or exposure to risk factors, 
we felt the conversion was necessary for meaningful comparison with the EDHS data, which was 
essential to evaluating the HCC study’s control group.  
 
In summary, this study has highlighted some of the factors that appear to be strongly associated 
with Egypt’s HCV epidemic. Despite recent declines in the prevalence of HCV in the general 
population, the large reservoir of chronically infected individuals will result in a continuing 
increase in liver cancer, particularly with the aging of high prevalence age cohort. Furthermore, 
older age groups tend to require more medical interventions, creating the potential for more 
opportunities to transmit HCV if infection control measures are not in place. Therefore studying 
HCV dynamics and the link between HCC and HCV in these age groups and further 
understanding the risk factors for HCV beyond PAT could significantly contribute to ending 
continued transmission of HCV in Egypt.  
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Table 1: Equivalent 5-Year Age Groups and Year of Birth 
HCC Study 
Year of Birth 

EDHS Year of 
Birth 

EDHS Age 
group 

1913-1934 ≤ 1933* 75+* 
1935-1939 1934-1938* 70-74* 

1940-1944 1939-1943* 65-69* 
1945-1949 1944-1948* 60-64* 

1950-1954 1949-1953 55-59 
1955-1959 1954-1958 50-54 

1960-1964 1959-1963 45-49 
1965-1969 1964-1968 40-44 

1970-1974 1969-1973 35-39 
1975-1979 1974-1978 30-34 

1980-1984 1979-1983 25-29 
1985+ 1984+ 15-24 

*Age groups not included in the EDHS Health Interview, which only includes ages 15-59. These age groups are 
only analyzed in reference to place of residence. 
EDHS: Egyptian Demographic and Health Survey, 2008 
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes 
 
Table 2: HCV Antibody Status and Prevalence by Age and Gender 
HCC Study ! EDHS!
5-Year Age 
Group!

Male! Female! 5-Year Age 
Group!

Male Female 
Pos. Total % Pos. Total % % % 

Total 189 692 27.3 77 369 20.9 Total 17.4 12.2 

1950-1954 53 106 50 23 60 38.3 1949-1953 43.5 35.1 

1955-1959 51 104 49 19 76 25 1954-1958 49 26.9 

1960-1964 31 85 36.5 17 58 29.3 1959-1963 34.4 23.6 

1965-1969 17 82 20.7 8 44 18.2 1964-1968 24.6 21.3 

1970-1974 12 83 14.5 7 35 20 1969-1973 14.4 13.2 

1975-1979 11 70 15.7 1 25 4 1974-1978 13.4 10.2 

1980-1984 8 78 10.3 1 32 3.1 1979-1983 8 4.6 

1985+ 6 84 7.1 1 39 2.6 1984+ 5 4.1 
EDHS: Egyptian Demographic and Health Survey, 2008 
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes 
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Table 3: HCV Antibody Status by Residence 

 
HCC Study: Place of Birth HCC Study: Current Residence EDHS: 

Current 
Residence All YOB > 1949 All YOB > 1949 

Pos. Total % Pos. Total % Pos. Total % Pos. Total % % 

Total 
Urban 87 528 16.5 59 425 13.9 154 692 22.6 97 519 18.7 10.3 

Rural 334 892 37.4 207 634 32.7 267 729 36.6 169 542 31.2 18.0 

Male 
Urban 65 344 18.9 49 278 17.6 106 418 25.4 74 314 23.6 21.7 

Rural 230 577 39.9 140 414 33.8 189 503 37.6 115 378 30.4 21.1 

Female 
Urban 22 184 12.0 10 147 6.8 48 274 17.5 23 205 11.2 8.0 

Rural 104 315 33.0 67 220 30.5 78 226 34.5 54 164 32.9 15.2 
YOB: Year of birth 
EDHS: Egyptian Demographic and Health Survey, 2008 
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes 
 
Table 4a: Number of Injections (life time) – HCC Study 
 HCC Study: Total HCC Study: YOB > 1949 
Number of 
injections 

Injection Use,  
N (%) 

HCV Pos., N 
(%)*  

Injection Use,  
N (%)!

HCV Pos., N 
(%)*  

Never had 
injections 2 (1.4) 1 (50.0) 1 (0.1) 0 (0) 

Less than 10 
injections 114 (8.1) 27 (23.7) 86 (8.1) 16 (18.6) 

10 or more 
injections 1209 (85.3) 363 (30.0) 916 (86.6) 235 (25.7) 

Has injections 
frequently/ 
continuously 

92 (6.5) 29 (31.5) 55 (5.2)! 14 (25.5) 

Total 1,417 (100) 420 (29.6) 1,058 (100)! 265 (25.0) 
* Percentage of anti-HCV positive subjects out of those with reported HCV status in each injection category  
EDHS: Egyptian Demographic and Health Survey, 2008 
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes 
 
Table 4b: Number of Injections (last 6 months) - EDHS 
No. of 
injections 

% General 
Population 

0 77.6 
1 3.2 
2 2.9 

3-4 3.6 
5-9 3.2 

10-19 1.7 
20-29 0.5 
30-59 0.3 
60-94 0.2 

95+ 0.7 
EDHS: Egyptian Demographic and Health Survey, 2008
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Table 5: Exposure to Potential Routes of Transmission 
Route of 
Transmission 

Exposure 
Response 

HCC Study: 
Total 

HCC Study: 
YOB ≤ 1949 

HCC Study: 
YOB > 1949 

 EDHS 

  N % N % N %  N % 
Received PAT No 1,408 82.2 312 72.7 1,096 85.4  N/A N/A 

Yes 305 17.8 117 27.3 188 14.6  N/A 8.3 
Total 1,713 100 429 100 1,284 100  12,008  

Blood 
Transfusion 

No 1,417 81.4 355 82.4 1062 81.1  N/A N/A 
Yes 324 18.6 76 17.6 248 18.9  N/A 4.1 
Total 1,741 100 431 100 1,310 100  12,008  

Blood 
Donation 

No 1252 72.0 351 81.6 901 68.8  N/A N/A 
Yes 487 28.0 79 18.4 408 31.2    
Total 1739 100 430 100 1309 100    

YOB: Year of birth 
EDHS: Egyptian Demographic and Health Survey, 2008 
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes 
 
Table 6: Routes of Transmission and HCV Antibody Status 
Route of 
Transmission 

Exposure 
Response  

HCC Study HCV Pos., N(%) EDHS HCV 
Pos., % 

   Total Sample 
Population YOB ≤ 1949 YOB > 1949 YOB ≥ 1949 

Received PAT Total  Yes 149 (61.5) 59(62.8) 90 (60.0) 29.6 
No 260 (22.8) 95 (36.8) 165 (18.7) 13.2 

Male Yes 125 (61.6) 51 (63.0) 74 (60.7) 31.5 
No 163 (23.5) 55 (38.5) 108 (19.6) 15.6 

Female Yes 24 (58.5) 8 (61.5) 16 (57.1) 25.3 
No 97 (21.8) 40 (34.8) 57 (17.2) 11.2 

Blood 
Transfusion 

Total  Yes 89 (32.6) 35 (53.0) 54 (26.1) 24.3 
No 324 (28.7) 116 (40.2) 208 (24.7) 14.3 

Male Yes 56 (34.8) 17 (51.5) 39 (30.5) 26.7 
No 238 (315) 89 (45.4) 149 (26.6) 17.0 

Female Yes 33 (29.5) 18 (54.6) 15(19.0) 22.2 
No 86 (23.0) 27(29.7) 59 (20.9) 11.7 

Blood 
Donation 

Total  Yes 105 (25.6) 30 (45.5) 75 (21.7) N/A No 308 (31.1) 212 (42.3) 187 (26.6) 
Male Yes 99 (28.2) 27 (45.8) 72 (24.7) N/A No 195 (34.5) 79 (46.5) 116 (29.4) 
Female Yes 6 (10.0) 3 (42.9) 3 (5.7) N/A No 113 (26.6) 42 (36.2) 71 (23.0) 

YOB: Year of birth 
EDHS: Egyptian Demographic and Health Survey, 2008 
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes 
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Figures 1a-b: Populations 

 
 
Figures 1 c-d: Subpopulation Receiving HCV Testing  

 
EDHS: Egyptian Demographic and Health Survey, 2008 
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes 
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Figure 2: Age Distribution by Residence 

!
EDHS: Egyptian Demographic and Health Survey, 2008 
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes 
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Figure 3. Comparison of HCV and PAT Status in HCC Study 

!
HCC Study: Study on risk factors for hepatocellular carcinoma by coalition of U.S. and Egyptian institutes
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APPENDIX!B:!AGE+DISTRIBUTION!TABLES!
!
!
Table B-1. Grouped Age-Specific Mortality Rates per 1000 (UN 2012)!
Year 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 
Average age-specific 
mortality rate for 5-year 
age groups from 5-39 

16.4 13.7 12.4 11.3 10.0 8.8 7.9 7.2 6.6 5.9 5.3 

Average age-specific 
mortality rate for 5-year 
age groups from 40-79 

89.8 89.1 88.1 86.3 84.9 83.7 82.2 81.0 80.3 79.7 79.0 

Additional HCV-
associated mortality: 
0.00414 

8.4 8.4 8.4 8.4 8.4 8.4 4.1 4.1 4.1 4.1 4.1 

Average age-specific 
mortality rate for 5-year 
age groups from 40-79 
w/HCV Mortality 

98.2 97.5 96.5 94.7 93.3 92.1 86.3 85.1 84.4 83.8 83.1 

!
Table!B+2.!Age+distribution!table!for!Cohort!A,!1950+1985!
HCV+ Population 1950-1960 214590 1961-1965 410340    
Mortality Rate 1961* 0.0164 1965: 5-39  0.0137    
Mortality Rate w/ 
HCV 

 0.0982 1965: 40+  0.0975    

Age Groups Age Dist % Age Dist # 1961 Sub-
cohort 

Age Dist % Age Dist # Dist of 
Total 

Dist % 

5-9 0.0980 21030   0.0980 40213 40213 0.0688 
10-14 0.1080 23176 19633 0.1080 44317 63950 0.1094 
15-19 0.1080 23176 21636 0.1080 44317 65953 0.1128 
20-24 0.1080 23176 21636 0.1080 44317 65953 0.1128 
25-29 0.1080 23176 21636 0.1080 44317 65953 0.1128 
30-34 0.1080 23176 21636 0.1080 44317 65953 0.1128 
35-39 0.1080 23176 21636 0.1080 44317 65953 0.1128 
40-44 0.0590 12661 14236 0.0590 24210 38446 0.0657 
45-49 0.0520 11159 7777 0.0520 21338 29115 0.0498 
50-54 0.0420 9013 6854 0.0420 17234 24089 0.0412 
55-59 0.0350 7511 5536 0.0350 14362 19898 0.0340 
60-64 0.0220 4721 4614 0.0220 9027 13641 0.0233 
65-69 0.0210 4506 2900 0.0210 8617 11517 0.0197 
70-74 0.0145 3112 2768 0.0145 5950 8718 0.0149 
75-79 0.0085 1824 1911 0.0085 3488 5399 0.0092 
80-84 0.0036 773 1120 0.0036 1477 2598 0.0044 
         
Total 1.0000 214590 174411 1.000 410340 584751  

!
!
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Table!B+2.!Age+distribution!table!for!Cohort!A,!1950+1985!(Continued)!
HCV+ Population 1966-1970 1228700     
Mortality Rate 1970 5-39 MR 0.0124     
Mortality Rate 
w/ HCV 

1970 40+ MR 0.0965     

Age Groups 1961 Survivors 1965 Survivors Age Dist % Age Dist # Dist of Total Dist of % 
5-9    0.0980 120413 120413 0.0706 
10-14   37790 0.1080 132700 170490 0.1000 
15-19 18450 41647 0.1080 132700 192796 0.1131 
20-24 20333 41647 0.1080 132700 194679 0.1142 
25-29 20333 41647 0.1080 132700 194679 0.1142 
30-34 20333 41647 0.1080 132700 194679 0.1142 
35-39 20333 41647 0.1080 132700 194679 0.1142 
40-44 13356 27357 0.0590 72493 113206 0.0664 
45-49 8788 14945 0.0520 63892 87625 0.0514 
50-54 4801 13172 0.0420 51605 69578 0.0408 
55-59 4231 10639 0.0350 43005 57874 0.0339 
60-64 3418 8866 0.0220 27031 39315 0.0231 
65-69 2848 5573 0.0210 25803 34223 0.0201 
70-74 1790 5319 0.0145 17816 24926 0.0146 
75-79 1709 3673 0.0085 10444 15826 0.0093 
80-84 1180 2153 0.0036 4423 7756 0.0045 
        
Total 140722 335567 1.0000 1228700 1704988  

!
Table!B+2.!Age+distribution!table!for!Cohort!A,!1950+1985!(Continued)!
HCV+ Population 1971-1975 2746900      
Mortality Rate 1975 5-39  0.0113      
Mortality Rate 
w/ HCV 

1975 40+  0.0947      

Age Groups 1961 
Survivors 

1965 
Survivors 

1970 
Survivors 

Age Dist % Age Dist # Dist of 
Total 

Dist of % 

5-9     0.0880 241727 241727 0.0583 
10-14    113806 0.1080 296665 410471 0.0991 
15-19   35717 125419 0.1080 296665 457801 0.1105 
20-24 17438 39362 125419 0.1180 324134 506353 0.1222 
25-29 19217 39362 125419 0.1080 296665 480663 0.1160 
30-34 19217 39362 125419 0.1080 296665 480663 0.1160 
35-39 19217 39362 125419 0.1080 296665 480663 0.1160 
40-44 12664 25939 82651 0.0590 162067 283322 0.0684 
45-49 8319 17039 45152 0.0520 142839 213349 0.0515 
50-54 5474 9308 39795 0.0420 115370 169947 0.0410 
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55-59 2990 8204 32142 0.0350 96142 139478 0.0337 
60-64 2635 6626 26785 0.0220 60432 96479 0.0233 
65-69 2129 5522 16836 0.0210 57685 82172 0.0198 
70-74 1774 3471 16071 0.0145 39830 61146 0.0148 
75-79 1115 3313 11097 0.0085 23349 38874 0.0094 
80-84 1064 2288 6505 0.0036 9889 19746 0.0048 
         
Total 112189 272587 1011432 1.0000 2746900 4143109  

!
Table!B+2.!Age+distribution!table!for!Cohort!A,!1950+1985!(Continued)!
HCV+ 
Population 

1976-1980 4414500       

Mortality Rate 1980 5-39  0.0100       
Mortality Rate 
w/ HCV 

1980 40+  0.0933       

Age Groups 1961 
Survivors 

1965 
Survivors 

1970 
Survivors 

1975 
Survivors 

Age 
Dist % 

Age Dist 
# 

Dist of 
Total 

Dist  
% 

5-9      0.0780 344331 344331 0.0780 
10-14     229905 0.0780 344331 344331 0.0780 
15-19    108241 282157 0.1080 476766 476766 0.1080 
20-24   33970 119285 282157 0.1220 538569 538569 0.1220 
25-29 16585 37437 119285 308282 0.1280 565056 565056 0.1281 
30-34 18277 37437 119285 282157 0.1200 529740 529740 0.1200 
35-39 18277 37437 119285 282157 0.1080 476766 476766 0.1080 
40-44 12052 24685 78654 186047 0.0590 260456 260456 0.0590 
45-49 7942 16267 51833 101637 0.0520 229554 229554 0.0520 
50-54 5217 10686 28316 89578 0.0420 185409 185409 0.0420 
55-59 3433 5838 24957 72352 0.0350 154508 154508 0.0350 
60-64 1875 5145 20157 60293 0.0220 97119 97119 0.0220 
65-69 1653 4156 16798 37898 0.0210 92705 92705 0.0210 
70-74 1335 3463 10559 36176 0.0145 64010 64010 0.0145 
75-79 1112 2177 10079 24979 0.0085 37523 37523 0.0085 
80-84 699 2078 6959 14643 0.0036 15892 15892 0.0036 
          
Total 87758 218696 826734 2275773 1.000 4412734 4412734  

!
!
!
!
!
!
!
!
!
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Table!B+2.!Age+distribution!table!for!Cohort!A,!1950+1985!(Continued)!
HCV+ 
Population 

1981-1985 5057500        

Mortality 
Rate 

1985: 5-39  0.0088        

Mortality 
Rate w/ 
HCV 

1985: 40+  0.0921        

Age 
Groups 

1961 
Survivors 

1965 
Survivors 

1970 
Survivors 

1975 
Survivors 

1980 
Survivors 

Age Dist 
% 

Age Dist 
# 

Dist of 
Total 

Dist of 
% 

5-9       0.0780 394485 394485 0.0341 

10-14      329515 0.0780 394485 724000 0.0626 

15-19     220013 329515 0.0880 445060 994587 0.0860 

20-24    103583 270016 456251 0.1080 546210 1376060 0.1190 

25-29   32509 114153 270016 515395 0.1280 647360 1579432 0.1366 

30-34 15871 35826 114153 295017 540742 0.1380 697935 1699544 0.1470 

35-39 17491 35826 114153 270016 506946 0.1180 596785 1541216 0.1333 

40-44 11534 23625 75278 178061 300873 0.0690 348968 938339 0.0811 

45-49 7605 15578 49636 117409 164366 0.0520 262990 617584 0.0534 

50-54 5012 10266 32710 64140 144865 0.0420 212415 469408 0.0406 

55-59 3292 6743 17870 56530 117006 0.0350 177013 378454 0.0327 

60-64 2166 3684 15749 45659 97505 0.0220 111265 276029 0.0239 

65-69 1183 3247 12721 38049 61289 0.0210 106208 222697 0.0193 

70-74 1043 2622 10601 23917 58503 0.0145 73334 170019 0.0147 

75-79 842 2185 6663 22829 40395 0.0085 42989 115904 0.0100 

80-84 702 1374 6360 15763 23680 0.0036 18207 66086 0.0057 

           

Total 66041 172111 667268 1871671 3663165 1.0000 5057500 11563843  

        Prev. 23%  

!
Table!B+2.!Age+distribution!table!for!Cohort!A,!1950+1985!(Continued)!
Survivorship of Cohort A  
Year 1990 1995 2000 2005 2008 
Gen CDR 0.0076 0.0068 0.0059 0.0053 0.0048 
40+ CDR 0.0914 0.0892 0.0893 0.0877 0.0852 
5-9      
10-14 365076     
15-19 642991 339545    
20-24 843844 598024 315799   
25-29 1135134 784830 556201 287179  
30-34 1298207 1055749 729943 505794 261153 
35-39 1415848 1207418 981916 663791 459956 
40-44 1098393 1130578 964143 784076 530048 
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45-49 782119 877085 902785 769884 626097 
50-54 552248 624535 700367 720888 614765 
55-59 429545 440979 498701 559254 575641 
60-64 348650 342999 352129 398221 446573 
65-69 259546 278403 273890 281181 317986 
70-74 204140 207252 222309 218706 224527 
75-79 157448 163009 165494 177517 174640 
80-84 109505 125725 130165 132149 141751 
      
Total 9533190 8050405 6663678 5366491 4231386 

!
Table!B+3.!Age+distribution!table!for!Cohort!B,!1986+2000!
HCV+ 
Population 

1986-1990 3120800 1991-1995 2619800    

Mortality Rate 1990: 5-39 0.0079 1995: 5-39 0.0072    
Mortality Rate w/ 
HCV 

1990: 40+  0.0863 1995: 40+  0.0851    

Age Groups Age Dist % Age Dist # 1990 
Survivors 

Age Dist % Age Dist # Dist of 
Total 

Dist % 

5-9 0.0669 208782   0.0637 166881 166881 0.0321 
10-14 0.0470 146678 201405 0.0670 175527 376932 0.0725 
15-19 0.0430 134194 141495 0.0435 113961 255457 0.0491 
20-24 0.0700 218456 129453 0.0570 149329 278782 0.0536 
25-29 0.1000 312080 210738 0.0780 204344 415082 0.0798 
30-34 0.1200 374496 301054 0.1080 282938 583992 0.1123 
35-39 0.1200 374496 361265 0.1380 361532 722797 0.1389 
40-44 0.0990 308959 361265 0.1290 337954 699219 0.1344 
45-49 0.0960 299597 201927 0.0860 225303 427230 0.0821 
50-54 0.0810 252785 195808 0.0680 178146 373954 0.0719 
55-59 0.0560 174765 165213 0.0490 128370 293583 0.0564 
60-64 0.0400 124832 114221 0.0450 117891 232112 0.0446 
65-69 0.0300 93624 81587 0.0290 75974 157561 0.0303 
70-74 0.0120 37450 61190 0.0170 44537 105727 0.0203 
75-79 0.0154 48060 24476 0.0170 44537 69013 0.0133 
80-84  0.005  14968 31411  0.005  12565 43976 0.0085 
          
Total 1.0011 3124221 2582508 1.0000 2619790 5202298  

!
!
!
!
!
!
!
!
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Table!B+3.!Age+distribution!table!for!Cohort!B,!1986+2000!(Continued)!
    Decay of Cohort B 

Survivors 
HCV+ 
Population 

1996-2000 2199200     Year 2005 2008 

Mortality 
Rate 

2000: 5-39 0.0066     5-39 0.0053 0.0048 

Mortality 
Rate w/ 
HCV 

2000: 40+ 0.0844     40+ 0.0877 0.0852 

Age 
Groups 

1990 
Survivors 

1995 
Survivors 

Age 
Dist % 

Age Dist 
# 

Dist of 
Total 

Dist of 
% 

   

5-9    0.0700 153944 153944 0.0238    
10-14   161481 0.0730 160542 322022 0.0498  149925  
15-19 194887 169846 0.0632 138989 503723 0.0779  313616 146349 
20-24 136916 110273 0.0550 120956 368146 0.0569  490573 306135 
25-29 125264 144496 0.0450 98964 368724 0.0570  358535 478872 
30-34 203918 197731 0.0550 120956 522605 0.0808  359098 349983 
35-39 291311 273782 0.0850 186932 752025 0.1163  508963 350533 
40-44 349574 349833 0.1290 283697 983103 0.1520  732393 496822 
45-49 236948 221659 0.1300 285896 744502 0.1151  634157 478408 
50-54 132441 147772 0.0800 175936 456149 0.0705  480246 414239 
55-59 128427 116843 0.0560 123155 368426 0.0570  294242 313703 
60-64 108361 84196 0.0500 109960 302516 0.0468  237656 192202 
65-69 74916 77323 0.0520 114358 266597 0.0412  195140 155239 
70-74 53511 49830 0.0280 61578 164919 0.0255  171970 127468 
75-79 40134 29211 0.0300 65976 135320 0.0209  106382 112333 
80-84 16053 29211  0.005  10548 55812 0.0086  87289 69490 
           
Total 2092661 2163488 1.0060 2212387  6,468,535    5120187 3991777 

!
Table!B+4.!Age+distribution!table!for!Cohort!C,!2001+2008!
HCV+ Population 2001-2005  2055200 2006-2008 1213500    
Mortality Rate 2005: 5-39 0.0059 2008: 5-39 0.0053    
Mortality Rate w/ 
HCV 

2005: 40+  0.0838 2008P 40+  0.0831    

Age Groups Age Dist % Age Dist # 2005 
Survivors 

Age Dist % Age Dist # Total 
Dist 

Total % 

5-9 0.0830 170582   0.0730 88586 88586 0.0308 
10-14 0.0910 187023 166145 0.0780 94653 260798 0.0908 
15-19 0.0900 184968 182159 0.1000 121350 303509 0.1057 
20-24 0.0950 195244 180157 0.1000 121350 301507 0.1050 
25-29 0.0650 133588 190166 0.0900 109215 299381 0.1042 
30-34 0.0600 123312 130113 0.0800 97080 227193 0.0791 
35-39 0.0600 123312 120105 0.0730 88586 208690 0.0726 
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40-44 0.0850 174692 81378 0.0750 91013 172390 0.0600 
45-49 0.0840 172637 115285 0.0790 95867 211152 0.0735 
50-54 0.0890 182913 113929 0.0640 77664 191593 0.0667 
55-59 0.0690 141809 120710 0.0690 83732 204442 0.0712 
60-64 0.0490 100705 93585 0.0490 59462 153046 0.0533 
65-69 0.0330 67822 66459 0.0330 40046 106504 0.0371 
70-74 0.0280 57546 44758 0.0180 21843 66601 0.0232 
75-79 0.0120 24662 37976 0.0120 14562 52538 0.0183 
80-84 0.0070 14386 16276 0.0070 8495 24770 0.0086 
          
Total  1.0000 2055200   1.0000  2872700  

!
Table!B+5!Prevalence!calculations!by!the!age+distribution!tables!
Age 
Groups 1985 Total  

 
1950-
1985 

1986-
2000 

2000 
Total 

1950-
1985 

1986-
2000 

2001-
2008 

2008 
Total 

5-9 394485  0 153944 153944 0 0 88586 88586 
10-14 724000  0 322022 322022 0 0 260798 260798 
15-19 994587  0 503723 503723 0 146349 303509 449858 
20-24 1376060  351749 368146 719894 0 306135 301507 607642 
25-29 1579432  645565 368724 1014289 0 478872 299381 778252 
30-34 1699544  886839 522605 1409444 333623 349983 227193 910800 
35-39 1541216  1226985 752025 1979010 612300 350533 208690 1171523 
40-44 938339  926362 983103 1909465 557128 496822 172390 1226340 
45-49 617584  655678 744502 1400180 510546 478408 211152 1200106 
50-54 469408  391110 456149 847259 378318 414239 191593 984150 
55-59 378454  238120 368426 606546 267773 313703 204442 785918 
60-64 276029  156723 302516 459239 159726 192202 153046 504975 
65-69 222697  119120 266597 385718 97246 155239 106504 358990 
70-74 170019  96039 164919 260959 64004 127468 66601 258073 
75-79 115904  70047 135320 205367 48648 112333 52538 213519 
80-84 66086  56513 55812 112325 39222 69490 24770 133482 
          
Total 11563843    12289385    9933011 

!
!
!
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APPENDIX!C:!TABLE!OF!TRANSMISSION!PARAMETER!CALCULATIONS!
!
! The following tables show the estimates for annual exposures to the three categories of 

risk factors, i.e., PAT, blood transfusion, and those that fall into the Other category. The 

population sizes for each year are from the United Nations (UN 2012) and the World Bank 

(World Bank 2014) databases. The annual incidence values are data points from the historical 

incidence curve shown in Figure 5-5. Total annual exposures are the sum of the exposures for 

each risk factor category (PAT, blood transfusions, and Other).  

The next column, “% of incidence attributed to PAT”, when multiplied by the 

“Incidence” column gives the number of annual HCV cases that are attributed to PAT. The next 

column, “Annual exposure to PAT treatment” lists the annual number of individuals who were 

exposed to a course of PAT treatment. The distribution of these exposures was drawn from the 

number of treatments that were administered over the peak PAT period from 1964-1982 as 

described by Frank et al. (2000).  

Blood transfusion incidence was also determined as a percent of total annual incidence. 

Exposure to blood transfusions was based on the Egypt’s National Blood Transfusion Services 

statistic that “approximately every 5 minutes, someone in Egypt needs blood” (NBTS!2009). 

That statistic equates to approximately 105,120 persons are exposed to blood transfusions or 

products a year, which is 0.16% of the 2008 population. Assuming that this percent remained 

relatively constant over the time period in this study, I estimated the annual exposure for each 

year. The cumulative exposures calculated with general mortality resulted in 2.9 million people 

that had been exposed to blood transfusions in there lifetime, only 200,000 less than the total 

predicted by the EDHS data (75.5 million x 4.1% = 3.1 million). Arafa et al. (2005) found that 

40% of those who had been exposed to blood transfusion were anti-HCV+; Plancoulaine et al. 
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(2008) found that 34% were, and the EDHS estimated that 24% of those exposed to blood 

transfusions were seropositive. With the below distribution, 35% of those annually exposed to 

blood transfusion are anti-HCV+.  

The number of cases attributed to the Other risk factor category are those left over after 

accounting for the PAT- and blood transfusion-attributed cases. The exposures were calculated 

as annual percentages of the population from data in the literature and further explained in Table 

C-2.!



!
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Table!C+1.!Summary!of!Calculations!for!Transmission!Parameters!
Year Population Incidence Total 

annual 
exposures 

% of 
incidence 
attributed 
to PAT 

PAT-
attributed 
cases 

Annual 
exposure 
to PAT 
treatment 

ExpPAT 
/pop = 
prob of 
exposure 
per year 

Beta PAT: 
Annual 
average 
Exp/Pop 

ExpPAT/ 
expTot 

Epsilon 
PAT: 
annual 
average 
Exp/Exp 
Total 

% of 
incidence 
attributed 
to BT 

BT-
attributed 
cases 

1950 21,514,023 8,048 13,024,406 0.50 4,024 236,200 0.0110 0.008 0.01792 0.01330 15.0% 1,207 
1951 22,048,587 8,068 13,364,483 0.50 4,034 238,800 0.0108  0.01767  15.0% 1,210 
1952 22,607,727 8,104 13,696,707 0.50 4,052 241,400 0.0107  0.01745  15.0% 1,216 
1953 23,191,489 8,166 14,042,998 0.50 4,083 244,000 0.0105  0.01721  15.0% 1,225 
1954 23,799,589 8,273 14,403,145 0.50 4,137 246,600 0.0104  0.01698  13.0% 1,075 
1955 24,431,420 8,453 14,776,745 0.55 4,649 249,200 0.0102  0.01673  13.0% 1,099 
1956 25,086,028 8,750 15,109,109 0.55 4,813 251,800 0.0100  0.01655  13.0% 1,138 
1957 25,762,133 9,231 15,506,163 0.55 5,077 254,400 0.0099  0.01630  13.0% 1,200 
1958 26,458,178 9,994 15,914,295 0.55 5,497 257,000 0.0097  0.01606  13.0% 1,299 
1959 27,172,404 11,180 16,332,465 0.56 6,261 259,600 0.0096  0.01581  13.0% 1,453 
1960 27,903,093 12,290 16,759,459 0.56 6,882 262,200 0.0094  0.01557  13.0% 1,598 
1961 28,785,879 15,690 17,244,866 0.56 8,786 264,800 0.0092  0.01529  13.0% 2,040 
1962 29,590,639 19,640 17,694,477 0.56 10,998 267,400 0.0090  0.01506  13.0% 2,553 
1963 30,409,962 25,320 18,150,474 0.56 14,179 270,000 0.0089  0.01483  13.0% 3,292 
1964 31,241,836 33,290 18,611,946 0.56 18,642 272,600 0.0087  0.01461  11.5% 3,828 
1965 32,083,955 44,260 19,077,469 0.56 24,786 275,000 0.0086  0.01439  11.5% 5,090 
1966 32,937,066 59,030 19,547,358 0.56 33,057 277,400 0.0084  0.01417  11.5% 6,788 
1967 33,798,820 78,520 20,020,484 0.54 42,401 279,800 0.0083  0.01396  11.5% 9,030 
1968 34,660,399 103,700 20,492,212 0.54 55,998 282,200 0.0081  0.01376  11.5% 11,926 
1969 35,510,567 135,400 20,956,994 0.54 73,116 284,600 0.0080  0.01358  10.5% 14,217 
1970 36,342,268 174,600 21,593,956 0.54 94,284 287,000 0.0079  0.01329  10.3% 17,984 
1971 37,152,209 221,800 22,043,625 0.54 119,772 296,400 0.0080  0.01345  10.3% 22,845 
1972 37,945,429 277,400 22,487,696 0.50 138,700 305,800 0.0081  0.01360  10.3% 28,572 
1973 38,733,784 341,300 22,933,731 0.50 170,650 315,200 0.0081  0.01375  9.0% 30,717 
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1974 39,533,995 412,700 23,391,353 0.50 206,350 324,600 0.0082  0.01388  9.0% 37,143 
1975 40,359,038 490,400 23,867,424 0.45 220,680 334,000 0.0083  0.01400  9.0% 44,136 
1976 41,212,513 572,500 24,353,197 0.45 257,625 343,400 0.0083  0.01410  8.0% 45,800 
1977 42,093,668 656,400 24,857,228 0.45 295,380 343,400 0.0082  0.01382  7.0% 45,948 
1978 43,005,773 739,200 25,376,948 0.40 295,680 343,400 0.0080  0.01353  6.0% 44,352 
1979 43,951,351 817,500 25,909,486 0.33 269,775 343,400 0.0078  0.01326  6.0% 49,050 
1980 44,931,971 887,800 26,452,955 0.33 292,974 343,400 0.0076  0.01298  5.0% 44,390 
1981 45,945,655 946,600 27,005,825 0.30 283,980 343,400 0.0075  0.01272  5.0% 47,330 
1982 46,991,385 991,000 27,568,603 0.18 178,380 340,000 0.0072  0.01233  6.0% 59,460 
1983 48,071,851 1,019,000 27,915,810 0.08 81,520 110,000 0.0023  0.00394  6.5% 66,235 
1984 49,190,419 1,028,000 28,490,332 0.07 71,960 97,000 0.0020  0.00340  8.5% 87,380 
1985 50,346,551 1,019,000 29,082,935 0.05 50,950 94,100 0.0019  0.00324  8.5% 86,615 
1986 51,545,011 706,900 29,583,249 0.04 28,276 91,200 0.0018  0.00308  9.5% 67,156 
1987 52,776,850 659,100 30,184,629 0.00 412 88,300 0.0017  0.00293  10.5% 69,206 
1988 54,011,214 614,500 30,691,261 - - - -  -  10.5% 64,523 
1989 55,207,254 573,000 31,254,739 - - - -  -  10.5% 60,165 
1990 56,336,614 524,200 31,967,579 - - - -  -  10.5% 55,041 
1991 57,387,589 498,100 32,465,753 - - - -  -  10.5% 52,301 
1992 58,370,712 464,500 32,927,883 - - - -  -  10.5% 48,773 
1993 59,307,778 433,100 33,369,887 - - - -  -  10.5% 45,476 
1994 60,231,864 493,800 33,812,425 - - - -  -  10.5% 51,849 
1995 61,168,397 376,500 34,270,606 - - - -  -  10.5% 39,533 
1996 62,123,592 351,000 34,763,138 - - - -  -  10.5% 36,855 
1997 63,094,069 327,300 35,269,806 - - - -  -  10.5% 34,367 
1998 64,084,443 305,200 35,790,785 - - - -  -  10.0% 27,468 
1999 65,097,777 284,500 36,327,292 - - - -  -  9.0% 25,605 
2000 66,136,590 265,300 36,880,998 - - - -  -  5.0% 13,265 
2001 67,204,189 246,100 37,454,577 - - - -  -  5.0% 12,305 
2002 68,302,914 244,900 38,055,878 - - - -  -  5.0% 12,245 
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2003 69,432,477 243,700 38,679,333 - - - -  -  5.0% 12,185 
2004 70,591,288 242,500 39,322,975 - - - -  -  5.0% 12,125 
2005 71,777,678 241,300 39,984,308 - - - -  -  5.0% 12,065 
2006 72,990,754 240,100 40,660,501 - - - -  -  5.0% 12,005 
2007 74,229,577 238,900 41,348,967 - - - -  -  5.0% 11,945 
2008 75,491,922 237,700 42,046,476 - - - -  -  5.0% 11,885 

!
Table!C+1.!Summary!of!Calculations!for!Parameters!(Continued)!
Year Annual 

BT Exp 
ExpBT/pop 
= prob of 
exposure 
per year 

Beta BT: 
Annual 
average 
exp/Pop 

ExpBT/ 
ExpTot 

Epsilon 
BT: Annual 
average 
Exp/ 
ExpTotal 

Other-
attributed 
cases 

Annual 
exposure to 
Other 
sources 

ExpOther /pop 
= prob of 
exposure per 
year 

Beta Other: 
Annual 
average 
exp/Pop 

ExpOther/ 
ExpTot 

Epsilon 
Other: 
Annual 
average 
Exp/ExpTotal 

 1950   33,992   0.00158   0.00158   0.00261   0.00272   2,817   12,908,414   0.6000   0.5896  0.979498  0.989  
 1951   34,837   0.00158    0.00261    2,824   13,237,246   0.6004   0.979747  
 1952   35,720   0.00158    0.00261    2,836   13,558,186   0.5997   0.979970  
 1953   36,643   0.00158    0.00261    2,858   13,893,155   0.5991   0.980200  
 1954   37,603   0.00158    0.00261    3,061   14,241,941   0.5984   0.980435  
 1955   38,602   0.00158    0.00261    2,705   14,604,143   0.5978   0.980674  
 1956   39,636   0.00158    0.00262    2,800   14,925,073   0.5950   0.980847  
 1957   40,704   0.00158    0.00263    2,954   15,310,659   0.5943   0.981090  
 1958   41,804   0.00158    0.00263    3,198   15,707,291   0.5937   0.981332  
 1959   42,932   0.00158    0.00263    3,466   16,113,933   0.5930   0.981571  
 1960   44,087   0.00158    0.00263    3,810   16,529,372   0.5924   0.981807  
 1961   45,482   0.00158    0.00264    4,864   17,002,984   0.5907   0.982078  
 1962   46,753   0.00158    0.00264    6,088   17,440,924   0.5894   0.982306  
 1963   48,048   0.00158    0.00265    7,849   17,885,227   0.5881   0.982528  
 1964   49,362   0.00158    0.00265    10,819   18,334,984   0.5869   0.982743  
 1965   50,693   0.00158    0.00266    14,385   18,788,776   0.5856   0.982961  
 1966   52,041   0.00158    0.00266    19,185   19,246,917   0.5844   0.983172  
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 1967   53,402   0.00158    0.00267    27,089   19,708,282   0.5831   0.983374  
 1968   54,763   0.00158    0.00267    35,777   20,168,248   0.5819   0.983567  
 1969   56,107   0.00158    0.00268    48,338   20,621,287   0.5807   0.983746  
 1970   57,421   0.00158    0.00266    62,332   21,246,536   0.5846   0.984048  
 1971   58,700   0.00158    0.00266    79,183   21,684,524   0.5837   0.983888  
 1972   59,954   0.00158    0.00267    110,128   22,116,942   0.5829   0.983732  
 1973   61,199   0.00158    0.00267    139,933   22,551,332   0.5822   0.983583  
 1974   62,464   0.00158    0.00267    169,207   22,997,289   0.5817   0.983448  
 1975   63,767   0.00158    0.00267    225,584   23,461,656   0.5813   0.983329  
 1976   65,116   0.00158    0.00267    269,075   23,945,081   0.5810   0.983226  
 1977   66,508   0.00158    0.00268    315,072   24,444,720   0.5807   0.983508  
 1978   67,949   0.00158    0.00268    399,168   24,959,999   0.5804   0.983787  
 1979   69,443   0.00158    0.00268    498,675   25,490,043   0.5800   0.984062  
 1980   70,993   0.00158    0.00268    550,436   26,033,963   0.5794   0.984332  
 1981   72,594   0.00158    0.00269    615,290   26,589,230   0.5787   0.984596  
 1982   74,246   0.00158    0.00269    753,160   27,154,357   0.5779   0.984974  
 1983   75,954   0.00158    0.00272    871,245   27,729,857   0.5768   0.993339  
 1984   77,721   0.00158    0.00273    868,660   28,315,611   0.5756   0.993867  
 1985   79,548   0.00158    0.00274    881,435   28,909,288   0.5742   0.994029  
 1986   81,441   0.00158    0.00275    587,508   29,410,608   0.5706   0.994164  
 1987   83,387   0.00158    0.00276    566,318   30,012,942   0.5687   0.994312  
 1988   85,338   0.00158    0.00278    522,504   30,605,924   0.5667   0.997219  
 1989   87,227   0.00158    0.00279    481,688   31,167,511   0.5646   0.997209  
 1990   89,012   0.00158    0.00278    445,031   31,878,568   0.5659   0.997216  
 1991   90,672   0.00158    0.00279    411,596   32,375,080   0.5641   0.997207  
 1992   92,226   0.00158    0.00280    383,732   32,835,658   0.5625   0.997199  
 1993   93,706   0.00158    0.00281    357,846   33,276,181   0.5611   0.997192  
 1994   95,166   0.00158    0.00281    336,309   33,717,259   0.5598   0.997185  
 1995   96,646   0.00158    0.00282    313,594   34,173,960   0.5587   0.997180  
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 1996   98,155   0.00158    0.00282    292,439   34,664,983   0.5580   0.997176  
 1997   99,689   0.00158    0.00283    279,905   35,170,117   0.5574   0.997174  
 1998  101,253   0.00158    0.00283    263,880   35,689,531   0.5569   0.997171  
 1999  102,854   0.00158    0.00283    248,794   36,224,438   0.5565   0.997169  
 2000  104,496   0.00158    0.00283    242,155   36,776,502   0.5561   0.997167  
 2001  106,183   0.00158    0.00283    224,675   37,348,394   0.5557   0.997165  
 2002  107,919   0.00158    0.00284    223,535   37,947,959   0.5556   0.997164  
 2003  109,703   0.00158    0.00284    222,395   38,569,630   0.5555   0.997164  
 2004  111,534   0.00158    0.00284    221,350   39,211,441   0.5555   0.997164  
 2005  113,409   0.00158    0.00284    220,210   39,870,899   0.5555   0.997164  
 2006  115,325   0.00158    0.00284    219,165   40,545,176   0.5555   0.997164  
 2007  117,283   0.00158    0.00284    218,025   41,231,685   0.5555   0.997164  
 2008  119,277   0.00158    0.00284    216,980   41,927,199   0.5554   0.997163  

 
Table C-2. Explanation of Exposure to Other Constituent Risk Factors  
Other Exposure Types Annual Exposures Sources/Notes 
Hospital admission 2.6% of population EDHS: % of respondents who had been admitted to the hospital for at 

least one night. 
Injections other than PAT 26% of population exposed to all 

injections x 3.9% exposed to reused 
infections 

EDHS: the 26% was calculated from data on injection exposures in the 
last 6 months. I categorized frequent injections as more than 10 in a 6-
month period. Arafa et al. (2005) also demarcated >10 injections as 
threshold of note. I then summed the percentage of those who had 1 to 9 
injections in the past 6 months and assuming that that percent was 
typical of a 6-month period, I doubled it to get the annual exposure to 
injection.  
 
Of the 4 studies that specifically asked about exposure to unclean or 
reused needles (Medhat et al. (2002), Habib et al. (2001), Stoszek et al. 
(2006), and Guerra et al. (2009)), on average 3.9% stated they has been 
exposed unclean or reused needles.  

HCV+ family member 32% of annual incident cases In studies that looked at HCV+ family members as a risk factor, an 
average of 32% of those who were seropositive for anti-HCV had an 
HCV+ family member. The three studies included in my systematic 
review of risk factors that looked at this variable were: Mohamed et al. 
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(2005) – 44%; Plancoulaine et al (2008) – 22%; and Paez Jemenez et al. 
(2010) – 31%. By the equating 32% of annual incidence to an annual 
exposure, the cumulative number of lifetime family exposures in 2008 
equals 5% of the Egyptian population. This is a third of the total anti-
HCV prevalence and allows for multiple HCV+ individuals to be living 
in the same household. However, I could find no external source to 
verify HCV seropositivity by household. 

Circumcision by informal provider 60% of annual births Almost all babies in Egypt are circumcised (70-90% (Medhat 
2002)(Habib 2001)(Darwish 2001)). 60% of these circumcisions, for 
both male and females, are carried out by informal providers. Since only 
circumcisions by informal providers were significantly associated with 
HCV status (data not shown), I limited exposures to 60% of annual 
births 

Births at home or by informal attendant 48% of annual births Approximately 48% of births occur in the home or with an informal 
attendant. This was the average percent of women exposed to home 
births as calculated from Medhat et al. (2002) – 71.6%; Habib et al. 
(2001) – 43.9; and Stoszek et al (2006) – 27.9 This category and 
cesarean sections were the two types of births significantly associate 
with HCV status. However, I included cesarean sections under hospital 
admissions as a major surgery. 

Dental procedures 20% of the annual population With no annual data on dental visits, I took the average lifetime 
exposure, 30%, from the following studies: Kandeel et al. (2012), Paez 
Jemenenz et al. (2009), Mostofa et al. (2010), Medhat et al. (2002), and 
Habib et al. (2001). Taking account that in a developing country annual 
visits are infrequent, I dropped the annual exposure to 20%. The 
cumulative exposures with the survivorship term equates to an average 
of 10 dental visits in a lifetime for the 2008 population. 

Shaving by a barber 60% of the male population or 30% of 
the total population 

The annual exposure to shaving at the barber was the average exposures 
estimated in Kandeel et al. (2012), Paez Jemenenz et al. (2009), Paez 
Jemenenz et al. (2010), Darwish et al. (2001), Medhat et al. (2002), and 
Habib et al. (2001). Although these were lifetime exposures, I assumed 
males went multiple times a year, which would correct for the 
overestimation that arises from uses a lifetime exposure versus an 
annual exposure. 
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