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SUMMARY 
  

Hepatitis b is a major life threatening disease and a leading cause of HCC and liver cirrhosis. 

Vaccination is a preventative measure to limit transmission of disease. In Norway a selective 

program is implemented in child vaccination program with vaccination of those in target groups. 

With the increasing HBV pressure in Norway, mainly due to intravenous drug users and 

immigrants, an introduction of universal vaccination in child vaccination program is considered 

by NIPH.  

 A decision analytical model, decision tree, was developed to represent the two strategies of 

vaccination. The Cost effectiveness ratio (ICER) of the two vaccination strategies was calculated 

by measuring the cost and outcome. The costs were estimated in Norwegian krone (NOK) and 

effect as cases prevented.  

 The total costs of universal vaccination in a birth cohort of 60 000 infants was NOK 22,680,000 

for universal and NOK 7,459,200 for selective strategy. Cost per averted case of HBV infection 

was (ICER) NOK 37,223.77.  94% of HBV infections were averted if the birth cohort was 

universally vaccinated.    

With a threshold of NOK 500,000 the findings indicate that universal vaccination can be 

considered a good preventative measure for Norway. However the result should be considered 

with care as they largely depend on assumptions with uncertainty.  
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ABBREVATIONS 
NIPH Norwegian Institute of Public Health 

WHO WOrl Health Organization 

HBV Hepatitis B Virus 

IDU Injecting drug users 

Anti-HBs virus-naturalizing antigen (anti-HBs). 

Infanrix-Polio + 
Hib 5valent combination vaccine  

SSI Statens Serum Institute 

MSIS Norwegian Surveillance System for Communicable Diseases 

NCBI National Center for Biotechnology Information 

ICER Incremental cost-effectiveness ratio 

HBsAg hepatitis B surface antigen 

ECDC European Center for Disease Prevention and Control 
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Chapter 1 

1 INTRODUCTION 
 

Hepatitis B is a well-known life threatening liver disease caused by an infection of hepatitis B 

virus (HBV). It is a major public health problem and a leading cause of morbidity and mortality 

worldwide [2]. The increasing pressure of hepatitis B infection in Norway has lead Norwegian 

Institute of Public Health (NIPH) to recommend a universal vaccination strategy [1]. 

Norway is considered a low endemic country, with HBV cases mainly occurring in intravenous 

drug users [1]. Still HBV pressure in the general population is changing as growing number of 

chronic hepatitis B cases are diagnosed. The majority of these cases are diagnosed in immigrant 

population, infected outside low endemic areas [1]. Infection from chronic HBV patients from 

high endemic countries to low risk individual in low endemic countries is not reported, still the 

risk of infection is increasing with increasing number of chronic HBV infected immigrants, 

pregnant women, children in nurseries and adolescents, as they integrate with the indigenous 

population.  

The current selective vaccination program reports low but increasing vaccine coverage [1]. Even 

though the vaccine coverage is increasing not all individuals at risk are detected and an 

expansion of target groups is not expected to increase the vaccination coverage significantly [1]. 

The process of identifying persons belonging to target groups is a time-consuming and a costly 

approach. Recommendations of universal vaccination by NIPH are expected to increase 

vaccination coverage and result in fewer cases of HBV in the future. However there are few 

studies concerning the issue of HBV in Norway, specifically the economic attractiveness of 

vaccinating all infants has not yet been established.  
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This study aimed to estimate the total costs of a universal vaccination strategy implemented 

through general vaccination program for infants. A decision analytical model was designed to 

find the incremental cost effectiveness ratio (ICER). The results were presented as total costs of 

vaccination, and cases avoided. 

 

1.1 Problem Statement 
 

This study is a small contribution to an economical analysis of introducing HBV-vaccine in 

Norwegian child immunization program. Considering total cost and health outcomes in cases 

avoided, this analysis main object is to answer the following problem statement: 

Is introduction of universal hepatitis B vaccination in the Norwegian child immunization 

program recommendable? 

 

1.2 Organisation of Thesis  
 

This thesis is organized as follows: 
 
Chapter 1 begins with an introduction of hepatitis B-virus  
 
Chapter 2 presents background information about the disease course, transmission routes and 
epidemiology. 
 
Chapter 3 explains current vaccination strategy and how the vaccination process is carried out.  
 
Chapter 4 presents the research question and aim of the study, with a brief litterateur review. 
  
Chapter 5 presents the model of the analysis and the assumptions made throughout the analysis. 
 
Chapter 6 presents the results of the designed model and sensitivity analysis of the parameters 
used in the model 
 
Chapter 7 Presents a brief discussion about the findings and limitations of the analysis 
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Chapter 8 concludes this thesis with recommendations of further research.  
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Chapter 2 

 

2 BACKGROUND ON HEPATITIS B 
 

Hepatitis B (HBV) is a blood-born liver infection with various routs of transmission. It is one of 

the most common and serious liver diseases in the world and a leading cause of death worldwide. 

If the infection becomes chronic the infection can lead to liver failure, cirrhosis and 

hepatocellular carcinoma. Primary liver cancer, Hepatocellular carcinoma, is one of the 10 most 

common cancers in the world, hepatitis B being one of the leading causes of these carcinomas.  

The HBV virus is transmitted through contact with contaminated blood or other body fluids such 

as serum, semen and salvia.  The condition following the infection can either be classified as 

acute or chronic HBV. 
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2.1 Acute and Chronic HBV Infection 
 

Acute HBV infection is the most common type of infection in low endemic countries. The 

incubation period, from transmission to clearness, ranges from 40-180 days. The infection is 

either symptomatic or asymptomatic/ fulminant hepatitis. Most children under the age of 5 years 

rarely experience symptomatic infection (10%), where´s about 30-40% infected adults and 

children above age 5 experience a symptomatic infection with yellowing of skin and teeth, 

vomiting, fatigue, laxity and abdominal pain [1].  

HBV infection is detected by levels of HbsAg (hepatitis B surface antigen) or HBV-DNA in the 

infected person’s body. 90% of those infected above age 5 recover within 6 months and are 

immune and completely free of HBV for the rest of their life [1].  

 

Figure 1 : A representation of the clinical spectrum and potential outcomes to expect after 

hepatitis B virus infection within the first year after birth. (3) *incidence per 100 person years. 
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Chronic HBV is developed when HBV infection dose not result in immunization and is defined 

as existence of HbsAG in the body for more than six months [1]. Progression from acute HBV to 

chronic HBV is highly influenced by the age at infection and is a common state for those 

infected at birth. Neonates infected before age of 1 year (mainly as a result of prenatal 

transmission) has 90% risk of developing chronic HBV. For children under age of 5 years the 

risk is approximately 30-50% [1, 2]. Chronic HBV is also classified in symptomatic or 

asymptomatic HBV. In both cases the disease is transmittable to other individuals. In the latter 

case the carrier may infect others without being aware of his condition. Chronic HBV can further 

develop to liver cancer and cirrhosis. Approximately 15 to 25% of chronic virus carriers develop 

cirrhosis or liver cancer  [5]. 

2.1.1 Routes of HBV Transmission 
 
Even though Hepatitis B is considered mainly a sexual transmitted disease the transmission 

routes of the virus varies with the endemicity in the area. As the virus is presents in all body 

fluids as blood, salvia, semen, vaginal secretions and breast milk, the infection can easily 

transmit to healthy people through prenatal-, sexual-, or horizontal transmission [6]. 

2.1.2 Prenatal Transmission 
 

The HBV carrier mother infects the infant either through perinatal transmission in utero, 

transmission under delivery or through postnatal transmission. Perinatal transmission is the most 

common way of virus transmission in high endemic areas, transmission under delivery being the 

main route of infection.   

2.1.3 Sexual Transmission  
 

HBV in low endemic countries is mainly a disease of adults and youngsters as the virus is in the 

majority of cases spread by high-risk sexual activity and injecting drug use, by sharing injecting 

needles. Factors such as duration of sexual activity, number of sexual partners and history of 

sexual transmitted disease are associated with increased risk of HBV transmission. Homosexual 

men, prostitutes, and partners of injecting drug users are at most risk of acquiring the disease [6]. 
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2.1.4 Horizontal Transmission 
 

The virus contains the ability to survive outside the body for at least 7 days, increasing the risk of 

horizontal transmission, mainly caused by carrier family members or children. The specific way 

of transmission is hard to identify. Most common assumptions have been that transmission has 

occurred through skin lesions or by sharing blood contaminated objects. Infected saliva is 

another source of infection especially as a non-parental infection. The virus has the ability to 

enter a healthy body as an airborne disease by coughing and sneezing, from mouth-to-mouth 

kissing, biting or by sharing chewed toys and candies [6]. 

2.2. Epidemiology 
 

Hepatitis b is one of the major pandemics leading to about 600 000 deaths annually [2]. Each 

year 5 million new cases of acute HBV infection occur. 2 billion people have been exposed to 

hepatitis B worldwide and about 350 million people have developed chronic hepatitis B 

infection. [7]. WHO has categorized world countries based upon prevalence of HBsAg , an 

indicator of presence of virus and  contamination risk, into high (>8%), intermediate (2-8%) and 

low (<2%) prevalence countries [2]. Figure 2 illustrates the spread of hepatitis B, the most 

prevalent areas being South America, Southeast Asia, tropical Africa, Middle East and Eastern 

Europe. 
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Figure 2 - Prevalence of Chronic HBV Infection, Worldwide, 2006. Source: WHO 

 

2.2.1. Hepatitis B in Norway  
Hepatitis B has been nominative notifiable to Norwegian Surveillance System for 

Communicable Diseases (MSIS) since 1975 [1, 8]. Like England, Ireland and other Scandinavian 

countries Norway is considered to be a low endemic country with chronic HBV population 

below 1% [2,12]. The total occurrence of hepatitis B in general population is 0.2% [9], thus a 

low risk of transmission. Injecting drug users (IDU´s) represented 71% of all registered acute 

HBV cases between 1992-2005 indicating injecting drug use behavior and sexual transmission as 

the main causes of HBV infection in the Norwegian population [1]. This is also represented in 

table 1 representing acute and chronic HBV cases in target groups in   from 1992-2009.  
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Figure 3 - Mean annual incidence of acute hepatitis B by age and sex, Norway, 1992-2009. 

Source: NCBI[10] 

There are currently no recent reports that completely describe the incidence of new cases of 

hepatitis B in the Norwegian population. The overview of the number of new cases is therefore 

based on the symptomatic cases reported to MSIS. As only 10% and 30-40% of HBV-infections 

in children and adults are symptomatic a small portion of the actual occurrence of HBV infection 

is reported to MSIS. A Danish study described that only 40% of symptomatic infections were 

reported to the Danish Statens Serum Institute (SSI) [12].  

Only a small number of HBV infections (10%) are caused in Norway. The majority of cases are 

in immigrants from intermediate- and high endemic countries, infected outside low endemic 

countries. They form a group with greater incidence rate of hepatitis B carrier state then the 

average Norwegian population. The incidence of transmission from the immigrant to the 

indigenous population is unknown. [15] 
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Hepatitis B in children is a very limited problem in Norway. The majority of HBV cases in 

children are of immigrants from high to intermediate areas. According to MSIS about 2 cases of 

acute and chronic HBV in children aged <1 year were reported annually from 1992-2013(table 

1). The majority of children hade been infected before arriving to Norway. Seven children were 

infected in Norway before the age of 1. In five of the cases the cause of infection was lack of 

HBV testing in pregnancy, as screening for HBV in pregnancy is selective for only those at risk. 

The mothers were not recognized as belonging to a risk group and thus not screened for HBV 

[13]. It is unknown if the children became HBV carriers 

Disease 92 93 94 95 96 97 98 99 00 01 02 04 06 07 09 13 

Hepatitis 

B  acute 

infected in 

Norway 

- - - - - - 2 - - 1 - - 2 1 - - 

Hepatitis 

B Chronic  

Infected in 

Norway 

- - - 1 - - - - - - - - - - - - 

Chronic 

Hepatitis 

B- 

infected 

outside 

Norway 

3 8 3 3 4 4 3 4 1 1 2 1   1 1 

Table 1- Cases of HBV in infants (age: <1) 

Table 1 - Cases of HBV in infants (age: <1) reported to MSIS 1992- 2013. Source: MSIS [14]. 
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Chapter 3 
 

3 HBV VACCINATION 
 
HBV vaccine has been available in Norway since 1976 [1]. The vaccine used for children today, 

consisting of hepatitis B surface antigen, was introduced in 1992 [1]. The vaccine antigen 

stimulated the body to produce virus-naturalizing antigen (anti-HBs). Detection of antigen that 

develops after an acute HBV infection is used to distinguish between immunity developed after 

vaccination and immunity after virus infection. 

Engerix-B by GlaxoSmithKline and HBVAXPRO by Sanofi Pasteur MSD are two vaccines with 

marketing authorization in Norway. Only Engerix-B has been in use in Norway so far [1]. 

Hepatitis B vaccines have been mainly promoted as monovalent vaccines including only 

hepatitis b vaccine, but in later years combination vaccines (multivalent vaccine) have been 

available. In 1991 the first combination vaccine for hepatitis A+B (Twinrix GSK) was 

introduced in Norway [1]. A combination vaccine (Infarnix HeXa GSK) against diphtheria, 

tetanus, pertussis, poliomyelitis, hepatitis B and HiB-infection by is also available but still not in 

use. The vaccine can be used for the child vaccination program but is not suitable for newborns 

vaccinated at birth [1]. 

3.1. Vaccine efficiency 
 

90% of all vaccinated respond on the vaccine and develop antibody against the hepatitis B 

surface antigen (anti-HBs). The level of anti-HBs in a vaccinated persons body 1-3 months after 

vaccination gives an indication on the level of vaccine induced protection. A level of protection 
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is already developed a few weeks after the first vaccine is administered, but a completed 

vaccination is needed to achieve full immunization. 

Over 95% of newborns and children achieve anti-HBs-level >10 IU/l by the end of the 3 dose 

vaccination series, which is considered as protective. After the first vaccine dose 50% short-term 

protection is achieved. The second dose increases protection level to 80%. At the third dose more 

than 95% healthy children are immune to the virus [1]. If the child has not achieved 

immunization after a 3-dose regime booster dose are given to gain immunity.  

Through vaccination the body develops an immunological memory leading to production of 

Anti-HBs within few days after exposure to HBV virus or a new vaccine dose. The need of 

booster dose has been under discussion the past years. A European consensus group examined 

the need of booster doses and concluded that there was no need for booster dose when a person 

had completed the vaccination and had been vaccinated according to recommendations of HBV 

vaccination [20]. Booster dose is not considered to be of need as the 3-dose regime provides a 

life long immunity. 

 

3.1.1. Adverse Effects 
 

As all other medicaments, HBV vaccine Engerix-B can also cause some adverse effects. The 

most common reported effects are light local reactions with tenderness and redness (15-20%). 

The effects are mild and temporary. Other possible adverse effects can be joint or muscle pain, 

fatigue, fever, headache and dizziness (1%). In very rare cases allergic reactions may occur [21]. 

In 1990s there were suspicions and discussions about hepatitis B-vaccine causing neurological 

disease as some children developed these after HBV vaccination. After major studies of the 

vaccine the conclusion is made that there have not been found any correlation between 

neurological disease and HBV vaccination [22]. 
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3.2. Hepatitis B-vaccine in child immunisation program 
 

HBV vaccination is carried out according to the guidelines provided by Ministry of Health and 

Care services. There are three main types of vaccinations strategies against hepatitis B-virus in 

infants: universal -, selective - and mass vaccination. Norway has adopted a selective vaccination 

strategy, meaning vaccination of only those in defined target groups (Appendix A).  

HBV vaccine was included in extended child vaccination program in 2007 [1]. The program 

target those at most risk of being infected in an early age (risk group A).  The risk groups the 

vaccine is recommended for are:  

- Immigrant children born in Norway to parents from intermediate and high risk 

countries (all countries except West-Europe, North- America, Australia, New Zealand 

and Japan). 

- Newborns to HbsAg positive mothers 

- Children with HBV positive family members 

- Newborns with Down syndrome. 

- Children in family daycare or kindergartens with chronic carriers under 3 years 

All pregnant women in defined target groups are screened for Hepatitis B-virus [23]. Infants, 

born to mother with chronic hepatitis B infection, are particularly subjected to chronic HBV 

infection. Vaccinating the infant immediately after birth can prevent the infection. A dose of 

Hepatitis B vaccine and HBV immunoglobulin is delivered 48hours within birth [1]. The 

remaining immunization program is carried out at local health care. 

The general vaccination of newborns is administered at local health care centers [24]. The 3 dose 

vaccination regime is recommended to be finished by 12 months of age. The HBV vaccination is 

delivered at the same time as Infanrix-Polio + Hib- vaccine. 



Chapter 3                                                                                                          HBV Vaccination             
___________________________________________________________________________ 

 
P a g e  | 14 

 
 

The health care center at Søndre Nordstrand was contacted for information about how the 

vaccine is administered. At the health center the vaccination process was described as such: the 

HBV vaccine is delivered as a part of the extended vaccination program for children in defined 

target groups. The main method of identifying those in target group is by background 

information about the parents birth country. The parents are informed about the importance of 

their child being vaccinated for HBV. The vaccination is carried out with the parents consent. 

The HBV vaccination schedule is coordinated with the general vaccination regime for the child 

vaccination program (table 2) at 3-, 5-, 12 months or 6 weeks, 3 and 12 months. Vaccination is 

administered by intramuscular injection. One dose of Infanrix-Polio+Hib and Engerix B is 

delivered on the same visit. The vaccines are delivered at anterolateral aspect of the thigh, one on 

each thigh. Total 2 needle sticks per infant. A series of total 3 doses are given with minimum 

four weeks interval between first and second dose, and minimum 5 months between second and 

third dose.  

Universal hepatitis B vaccination can be included in the exiting organizing model and routines of 

child immunization program. This will not contribute to extra visits to the health care centers. 
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Childe Age Vaccination program Extended vaccination program 

3 months diphtheria, tetanus, pertussis, 

polio, Hib infection (DTaP-

IPV-Hib) pneumococcal disease 

diphtheria, tetanus, pertussis, polio, 

Hib infection (DTaP-IPV-Hib) 

pneumococcal disease, Hepatitis B 

5 months diphtheria, tetanus, pertussis, 

polio, Hib infection (DTaP-

IPV-Hib) pneumococcal disease 

diphtheria, tetanus, pertussis, polio, 

Hib infection (DTaP-IPV-Hib) 

pneumococcal disease, Hepatitis B 

12 months diphtheria, tetanus, pertussis, 

polio, Hib infection (DTaP-

IPV-Hib) pneumococcal disease 

diphtheria, tetanus, pertussis, polio, 

Hib infection (DTaP-IPV-Hib) 

pneumococcal disease, Hepatitis B 

Table 2 - The Norwegian child vaccination program 

Table 2: The Norwegian child vaccination program. Source: NIPH  

3.2.1. Vaccine Coverage 
 

The vaccine was until 2007 not mandatory notifiable as it was not included in the child 

vaccination program. Thus information about the vaccination program is limited (personal 

notification from SYSVAK). SYSVAK dose not register information about birthplace of 

children or parents who are vaccinated. The vaccination coverage is estimates based on number 

of vaccines delivered for infant within a time period. The vaccine coverage is obtained for the 

whole age cohort, which then represent low vaccine coverage. In all vaccinated children in 2010 

about 31% got one dose of hepatitis B-vaccine before 1 years old. The increase in vaccine 

coverage dose represented in table 3 does not necessarily mean an improvement in vaccine 

coverage. It also refers to increase in children belonging to the target groups.  
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 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Received 

minimum one 

dose of 

Hepatitis B-

vaccine* 

9469 10857 12976 14084 14601 15507 16266 16827 17528 19210 

Received 

minimum one 

dose of 

hepatitis B-

vaccine* 

17% 20% 23% 25% 26% 26% 28% 28% 28% 31% 

Table 3 - Children under 1 year receiving minimum one dose hepatitis B-vaccine 

Table 3: children under 1 year receiving minimum one dose hepatitis B-vaccine 2001-2010. 

Source:[25] 

* number of children who received minimum one dose of Hepatitis B vaccine 

*Proportion of children who received minimum one dose of Hepatitis B vaccine
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Chapter 4 

4 REASERCH QUESTION 
 

4.1 Aim of the study 
 

Even though the overall prevalence of Hepatitis B is low for children in Norway, the burden of 

disease is increasing. NIPH has recommended including HBV-vaccine in the universal 

vaccination program for children. Adopting a health care and societal perspective the aim of this 

study is to take a closer look at additional costs and savings gained by implementing universal 

hepatitis B-vaccination. The research question is:  

Is introduction of universal hepatitis B vaccination in the Norwegian child immunization 

program recommendable? 

 

This study is therefore aimed at comparing the costs (CE) of general and universal vaccination 

strategies in Norway and finding the best option by calculating Incremental cost affectivity ratio 

(ICER). The perspective of the analysis was from a health care provider and societal perspective. 

The birth cohort was estimated from infants born each year the past few years. The birth cohort 

was assumed to be 60 000 infants born within a year. A decision analytical model was developed 

to follow this birth cohort and compare the expected costs and consequences of introducing 

Hepatitis B vaccine to the general vaccination program. To examine the robustness of the 

findings, in association with uncertainty, a one way and two-way sensitivity analysis were 

preformed. 
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4.2 Literature Review  
 

Following electronically data (Pubmed, Medline, Sience Direct, BMJ, ECDC, NIPH, and Google 

Scholar.) was used to search for economic evaluation of introducing HBV vaccine to child 

immunization program in low endemic countries, especially countries following a selective 

HBV-vaccine program 

As few studies were found specifically addressing vaccination of HBV-infection in infants in 

Norway [1, 26] and no current economic evaluations considering selective or universal 

vaccination program, the search was expanded to include other Nordic countries and UK.  

 All Nordic countries, Denmark, Finland, Iceland, Norway and Sweden, including UK are 

currently using a selective vaccination strategy against Hepatitis B virus. The comparison of 

these countries is challenging, as there are differences in term of notifying new infections, 

classification and number of target risk groups, screening, and reimbursement policies. For 

example Norway, compared to the other Nordic countries, has the most extensive immunization 

programs for infants and newborns to immigrant parents from high-endemic areas [27]. 

Generalizing data from these countries must therefore be done with outmost care.  

The articles found in literature review vary in their conclusions about implementation of 

universal HBV-vaccine. Majority in favor, as the current program was not providing sufficient 

vaccine coverage [1, 26, 36, 29]. That not in favor considered the selective strategy, as the 

majority of infections in low-endemic areas are related to high risk behavior. Thus with a low 

prevalence a selective strategy with defined target groups, and vaccination offered in low 

threshold settings, as needle exchange settings, would be of more benefit [38]. Cost-effective 

studies of universal HBV-vaccination were not uniform as the results were strongly influenced 

by local demographics, epidemiology, and vaccine prices. Universal vaccination is clearly cost 

effective in highly to intermediate areas. However, results of studies from low endemic countries 

differ in their conclusions. A study in in Denmark concluded that costs with universal 

vaccination would far exceed the current vaccination strategy, thus universal vaccination could 

not be recommended [12] 
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Current recombinant HBV vaccine has been used since 1986 and is well known as a safe and 

effective measure against hepatitis B virus. Degree of vaccine compliance used in studies is 0.95. 

There is also a consensus about no need for booster doses as the immunity gained by HBV 

vaccination is assumed to be life lasting [9] 

4.2.1 Expected development of hepatitis B and current challenges of selective 
vaccination and in Norway 

 

The immigrant population from endemic countries has an impact on the overall hepatitis B 

prevalence but impose a low substantial risk of further transmission to the indigenous population. 

However, studies from other Nordic and European countries [15,16,17], indicate greater need for 

vaccination of the general population as the second and third generation of immigrant 

communities integrate with the indigenous population. Carriers from high endemic areas has 

rarely caused secondary cases since adult immigrants often have limited contact with the 

indigenous population, presenting little effect on overall hepatitis b prevalence. By contrast their 

children, other young immigrants and adolescents related to families with high incidence of 

carrier state are an increasingly integrated part of the general youth community. 

Integration of immigrants and their children, especially in areas where immigrants from 

intermediate and high endemic countries form large groups, is expected to influence the HBV 

status in these areas, and in time the overall population. This is of special concern in large cities 

as immigrants are often clustered in such areas. A study of HBV prevalence in Somali 

households in Liverpool, UK, showed HBV transmission to Somali children born in Liverpool. 

Seven of 80 children, aged 5 years or less had been exposed to hepatitis B. Only one of the 

mothers of these 7 children was a HBV carrier, suggesting horizontal transmission in children at 

an early age [16]. Studies from other countries have shown that the risk of infection within 

immigrant communities stays almost equal to their homeland through many generations. This 

posting a potential high risk of infection in people within these communities and those in contact 

with these communities [19] 

As Norway has a limited problem with hepatitis B in children (table 1), HBV has not been of 

major concern the past years. However increasing number of immigrant children and growing 
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number of HbsAg positive pregnant mothers dose oppose some challenges for nurseries and 

maternity awards [13]. One of the major challenges is vertical HBV transmission.  

 4 - Registered routs of  

Table 4: Registered routs of transmission of acute and chronic HBV in Norway, 1992-2009. 

Source: NCBI [10]. 

Frequent and close contact with HBsAg positive individuals can expose children to contaminated 

bodily fluids. The risk of infection in nurseries and day care centers is low. However, children 

with parents from high to intermediate areas are increasing and impose an increased risk of 

infection in other children through sharing chewed toys, clawing or biting, especially as the virus 

can remain intact and infective on surfaces for about 7 days [6]. As the infection has the quality 

of being asymptomatic, a child can be infected without the parent’s knowledge. Such cases are 

not detected without screening or testing and the patient usually don’t know about the condition 

until disease is activated in later years. The vaccine is available for this group but it is 

challenging and time consuming to identify individuals belonging to risk groups, as these groups 

can be hard to find or resistant to vaccination.  
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Another concern with the current strategy is that infected child and parents can experience 

stigmatizing when informing about the child’s HBV-status. Such cases can lead to anxiety and 

worry between both workers parents of other children. 

4.3 Economic Evaluation 
 

The economical evaluation is defined as the “comparative analysis of alternative courses of 

action in terms of both their costs and consequences” [11]. 

Health care resources are scare. When making important health care decisions the decision 

maker has substantial consequences to take account for, such as important decisions and trade-

off. An economical analysis can contribute to comprehension of the problem and also provide 

insight to important factors influencing the results [37]. 

Economic evaluation can be performed as a Cost-effective analysis (CEA), cost-benefit analysis 

(CBA), Cost- utility analysis (CUA). These are the most common types of economic evaluation 

in health care.  

In a cost effective analysis both the costs and health outcomes of an intervention are examined. 

To obtain the optimal alternative, incremental costs and effectiveness is compared. The 

intervention is dominant if the results are both less costly and more effective than the 

comparator. If the intervention is more costly and less effective then comparator is dominant. In 

cases where the intervention is both costly and more effective, or both cost less and less effective 

an Incremental cost effective ratio (ICER) would have to be determined (equation 1). An ICER 

less than a given threshold or the minimum ICER in all ICERS in an analysis will be the best 

alternative. 

Cost and health outcomes are uncertain as information about the total consumed goods and 

effectiveness is imperfect. These uncertainties can be dived in two groups, one uncertainty of 

parameters, used in the model, and second uncertainty of result. A sensitivity analysis is used to 

deal with such uncertainties by defining maximum and minimum values.  
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Core issues  

Comparators Selective and Universal vaccination strategy 

Objectives Comparing ICER of the vaccines 

Population Birth cohort 1 year: 60 000 infants 

Perspective Health care provider and societal 

Approach Cost analysis 

Time frame 1 year 

Outcome measures Number of avoided cases 

Unit costs Vaccine market price and nurses fee 

Cost Currency Norwegian Krone (NOK) in 2012 

Table 5 - Definition of issues in the Decision tree model 

Table 5:  Definition of issues in the Decision tree model 
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Chapter 5 

5 METHODS 
 

5.1 Model 
 

In order to estimate the incremental costs and health consequences of introducing HBV vaccine 

to the child immunization program I have chosen Decision Tree as a decision analytic model. As 

the vaccine is recommended to be finished before the age of 1 year, the analysis was limited to 

one year and the results were check for immunity, number of HBV cases avoided and the costs 

of introducing hepatitis b vaccine into universal vaccination program. The analysis was 

performed from a health care and societal perspective. The relevant costs were measured in 

Norwegian kroner (NOK) and the effectiveness as hepatitis B infection cases avoided.  

The results from the analysis were represented as incremental cost effectiveness ratio (ICER). 

This represented cost per avoided infection of HBV 

Equation 1: 

 

ICER =    (   Cost intervention    −      Cost comparator    )  

              (Effectiveness intervention–  Effectiveness comparator) 

 

ICER = ΔC / ΔE 
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5.1.1 Strategies 
 

Two vaccine strategies were compared in this economic evaluation: selective and universal 

vaccination. A short description of the strategies is as follows: 

Selective vaccination: The selective vaccination strategy is currently used in Norway. The 

vaccine is delivered to infants at high risk of HBV infection. A 0.5ml dose of Engerix B is 

delivered to gain protection. 3 doses of the vaccine are administered to infants at their visits to 

local health stations at either age of 6weeks, 3 and 12 months or 3, 9 and 12 months. When the 

vaccination starts, it actually depends on the local health stations; some administer the first dose 

on the first visit to health station at 6 weeks control, others from 3 months control. The 

vaccination is completed within 12 months of age. 

Universal vaccination: Universal vaccination is the alternative vaccination strategy that entails 

vaccination of all infants, both those in target groups and those who are not. 3 doses of Engerix-

B are administered to all children under the age of 1 at their local health centers. The vaccine is 

delivered at the same time as the other vaccines in the child immunization program. The 

anticipated vaccine coverage of hepatitis B-vaccine is assumed to be equal to other vaccines in 

the child immunization program, 90% [26, 28].  

5.1.2 Decision Tree Model  
 

A Decision tree model was developed with the TreeAge Pro 2014. The model starts with the 

hypothetical birth cohort of 60 000 infants. There are to possible vaccination strategies of this 

cohort: 1) universal vaccination of all infants; 2) vaccination of infants in defines target groups. 

Both strategies aim to reduce number of HBV-infection cases in infants. Universal vaccination 

focuses on vaccinating all infants, whereas selective vaccination focuses on identifying infants in 

target groups and only vaccinating them. 

The general features of the decision tree model can be described as such [11]. 
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1. Decision nodes: the decision tree start off by a square box representing the decisions 

being analyzed in the model 

2. Chance node: round circles attached to branches coming out of the decision node. The 

braches are represented by probabilities for each event to occur.  

3. Pathways: is combination of the all the different branches in the tree that infants can pass 

on. These refer to which way the infant will take, and which event will occur on the way, for 

example vaccination or no vaccination, immune not immune. 

4. Pathway probabilities: represent the likelihood that an infant will experience the given 

event at the branch, which is being passed. 

5. Pathway costs: There are costs associated to all pathways. These will occur when an 

infant passes through and represent the sum of costs an infant will be experiencing in a 

certain pathway.   

6. Expected Values: to find the EV each possible value a variable can assume is multiplied 

by its assigned weight. The result achieved by this is thus added together to find an expected 

value. 
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5.1.3 Model Structure and description 

 

Figure 4 - A view of Decision tree model structure 

Figure 4: A view of Decision tree model structure for both strategies 

In the universal vaccination program, either the infant is being vaccinated or not follows the first 

chance node. Each of the branches is then followed by the results of the vaccination status, either 

immune or not immune. If the infant is vaccinated and the vaccine is effective an immune 

response is achieved and the patient is out of risk and immune for life. If the vaccine is not 

effective or the infant not vaccinated the patient is not immune and at risk of infection. 

(APPENDIX C) 

In the selective vaccination strategy the tree structure is the nearly the same as in universal 

vaccination strategy accept the model parameters being different. The tree model is divided in 

target and not target group. The target group is either vaccinated or not vaccinated, and thereafter 

immune or not immune. This is the current strategy. The elements used in the model are defined 

in table 6. 
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Model element Definition 

Vaccinated Has received a full HBV vaccination of 3 doses within 

12 months of age. 

Immune Vaccinated and developed a sufficient level of 

antibodies. Protected for the rest of life 

Disease Infected with HBV and developed a chronic hepatitis 

B infection. 

 

Table 6: Definition of model elements 

 

5.2 Assumptions in the model 
 

A list all of assumptions made in this analysis: 

- All infants born to mothers with chronic HBV receive a 4 dose vaccination regime, 

the first dose delivered after birth. As this practice will have to continue in universal 

strategy the costs were assumed to be equal in both strategies and thus not included in 

the analysis. 

- The analysis was limited to one year as the vaccination regime is recommended to be 

finished within the first year after birth.  

- The price of Engerix-B in universal strategy was assumed to be 80% of current price 
[30] 



Chapter 5                                                                                                                                Methods             
___________________________________________________________________________ 

 
P a g e  | 28 

 
 

- It was assumed that all infants who received the first dose would also receive the 2nd 

and 3rd dose, and complete the vaccination. Thus dropout was excluded from the 

study.  

- The total HBV-vaccination coverage in target groups is 60%, we assumed the 

coverage to be the same in infants 

- The rate of adverse effects related to vaccination rarely occurs. Thus these were 

excluded in the analysis. 

- There are no exact data on hepatitis b occurrence in infants born to mothers from 

intermediate and high endemic countries. Thus an estimate was made from literature 

[10, 16]. 

- As the majority of infections are asymptomatic this analysis dose not differentiates 

between symptomatic and asymptomatic infections: thereby doctor visits and 

hospitalization due to symptomatic infections are excluded. 

- The time used for delivering the vaccine was calculated based upon the experiences 

shared by nurses at Søndre Nordstrand health care center and report from NIPH. 

- The price og Engerix-B in universal strategy was assumed to be 80% of current price 

[30]. 

- All other costs except vaccine price and delivery costs were assumed to be equal in 

both strategies and thus excluded. No societal costs, such as productivity loss for 

parents taking leave from job to look after sick infant or to take the infant to health 

care station for vaccination were identified, as symptomatic infection rarely occur. 
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5.3 Model probabilities 
 

A hypothetical Norwegian birth cohort of 60 000 infants is followed for one year. The birth 

cohort consists of both Norwegian born and infants born to immigrant parents in Norway.   

Probabilities of hepatitis b prevalence, incidence, vaccine efficiency and vaccine coverage in 

general birth cohort and target birth cohort is found at NIPH homepage and by personal contact 

with Department for Vaccine at NIPH. 

The probability of infection in no-target groups was assumed to be 0.0015, less than the 

prevalence in general population as we assumed that target screening would detect some cases 

and vaccinate those children at birth. Target groups were estimated from the prevalence of 

infection in immigrant parent’s birth countries (intermediate and high endemic countries, 0.02-

0.08) and are presented in table 7. The prevalence was assumed to be 0.48%. The total 

prevalence for the population was estimated based on the total percentage of immigrant 

population from intermediate and high endemic areas. 14.9% of the current Norwegian 

population is immigrants [35]. About 56% are from intermediate to high endemic countries. 

Thus an assumption was made that 10% of the Norwegian population are immigrants from 

intermediate to high endemic countries.  With these assumptions we calculated the prevalence to 

be: 

Lowrisk	   	   Highrisk	   Total	  population	  

Prevalence	   Population%	   Prevalence	   Population%	   Prevalence	  

0.015	   0.9	   0.048	   0.1	   0.0066	  

Table 6 - Calculated prevalence for disease in infants 

Table 7: Calculated prevalence for disease in infants 
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5.3.1 Vaccine coverage and efficiency  
 

Universal vaccination: the coverage is estimated to be equal to the vaccine coverage of the other 

vaccines in the vaccination program. Vaccine coverage by NIPH, 30% was used in the analysis 

[1]. Vaccine efficiency after completed 3-dose vaccination regime is 95% [1]. 

Parameters/Variable used Value Resources 

Birth Cohort 60 000 * 

Probability of HBV infection in infants 0.002 [31] 

Probability of HBV infection in target 

group infants 

0.06 ** 

Probability of HBV infection in universal 

vaccination strategy (both low and high 

risk individuals) 

0.0078 * 

Probability of chronic HBV infection in 

infants 

0.90 [1] 

Vaccine coverage general infant 

population 

0.30 [1] 

Vaccine efficiency after 3 doses 0.60 [1,32] 

Table 7 - Parameters/ variable used in the model 

Table 7: Parameters/ variable used in the model 

* estimated hypothetical birth cohort of one year* * estimated prevalence of infection in target group 
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5.4 Vaccination costs 
 

The direct costs are related to vaccine price and administration costs. The paper does not 

differentiate between symptomatic and asymptomatic infections as the majority of infections are 

asymptomatic; thereby doctor visits and hospitalization due to symptomatic infections are 

excluded from this analysis. Costs related to asymptomatic infection are set at NOK0 as they 

don’t contribute to any costs for the health care system. It is assumed that all infants who are 

vaccinated complete the 3-dose vaccination program. To find the correct vaccine price for 

Engerix-B, NIPH was contacted and a search was performed on Norwegian Medicine Agency 

website. The actual price of vaccine is considered to be less than the price in this paper. But as 

these prices are confidential the price was estimated to be equal the minimum purchase price 

form NIPH to pharmacies.  

When including HBV-vaccine into the universal vaccination program the price of the vaccine is 

assumed to decrease, as quantity bought will increase. The vaccine price is thus set to be 80% of 

the current vaccine price [30] 

The vaccination is performed at local health care centers and delivered by nurses. The prices 

were calculated based on estimated time used per dose and nurse wages.  

 

5.4.1 Vaccine prices: 
 

The vaccine prices are calculated based upon the maximum purchase price of pharmacy [33]. 

The price corresponds to NOK 93 per dose 0.50ml Engerix B. 

The vaccine price for universal vaccination program is assumed to be NOK 74 per dose of 0.5ml 

Energix B. 
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5.4.2 Administration costs of vaccination: 
 

By direct contact with Søndre Nordstrand health care center the information about approximate 

selective vaccination time and expected universal vaccination time was gathered. Vaccination 

time per first selective dose was approximately 0.67 hours including information about the 

vaccine to the parents (20min) and administration of the vaccine. As some parents had concerns 

and additional questions about the vaccines 20min, of total time (0.67hours), was assumed to be 

decent time to explain the purpose of vaccination and answering the parent’s questions, before 

they made a decision about the HBV-vaccine. The second and third dose was expected to be 

delivered within 0.25hours.  

The universal vaccination program was expected to take less time; an assumption of 0.25hours 

per dose was made based on the information from health center at Søndre Nordstrand interview.   

Average monthly salary was derived from SSB to be NOK 37 000 [34]. A gross “årsverk” 

consists of 1 688 working hours, the average hour salary was calculated to be NOK264. 

 

Cost of vaccination Universal Strategy Selective Strategy 

Per dose Per infant Per dose Per infant 

Vaccine price 74 222 93 279 

Administration cost 66 198 117.6 352.8 

Total cost per vaccinated infant 140 420 211 632 

 

Cost per not vaccinated child in 
target group 

   88 

Table 8 - Costs used in the model 

Table 8: Costs used in the model 
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Chapter 6 

6 RESULTS 
 

6.1 Cost and health outcomes  
 

After the first year, when the vaccination process is completed, the total expected cost for 

selective vaccination was 22,680,000NOK, which was 15,220,800NOK more expensive than the 

selective strategy (7,459,200NOK). 

The total number of cases infected in universal strategy was 25.6 infants, that is 408.90 cases less 

then selective strategy (table 9) 

	   Universal	  vaccination	   Selective	  vaccination	   Difference	  

Total	  costs	  (NOK)	   22,680,000 7,459,200 5,281,200 

Infections	  (cases)	   25.62 434.52 408.90 

Table 9 - Total Expected costs and HBV infection 

Table 9: Total expected costs and HBV infections 

The expected value of immunity in universal strategy was 0.855, meaning 51,300 infants were 

successfully vaccinated and immunized compared to selective strategy with expected value of 

immunity 0.171, 41,040 infants less immunized (table 10 below).  
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Cases	   Universal	  vaccination	   Selective	  vaccination	  

Immune	   51,300	   10,260	  

Disease/infected	   25.62	   434.52	  

Not	  infected	   51274.38	   9825.48	  

Table 10 - Result of vaccination strategies reported as cases 

Table 10 : Result of vaccination strategies reported as cases 

 

The expected incremental cost ratio for the strategies were calculated according to equation 1, 

resulting in NOK37,233.77 cost per averted HBV infection (table 11) 

Strategy	   Cost	   Effectiveness	   ICER	  

Universal	  vaccination	   22,680,000 25.62  

Selective	  vaccination	   7,459,200 434.52 (37,223.77) 

Table 11 - Result of cost effectiveness analysis presented as ICER 

Table 11 - Result of cost effectiveness analysis presented as ICER 

6.2 Sensitivity analysis 
 

Sensitivity analyses were preformed, as several parameters of probabilities contained 

uncertainty. This was particularly true for parameters that were assumed in the analysis, such as 

risk of infection in universal strategy, target groups, and vaccine coverage in selective strategy.  

The risk of infection is as uncertain, thus the probability was given a 2 lower values. Higher 

value was not given as the infection rate is not expected to increase 0.035 in target groups. The 
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result presents a probability of infection at 3.5% in target group, when the other probabilities of 

infection are adjusted and all other variables hold equal. The ICER is NOK 48,812.78 per case 

avoided. When risk of infection in target group decreases, the number of infected decreases, 

resulting in increased incremental affectivity ratio for universal vaccination.   

 Cases infected (A) probabilities: 

0.0015 = not-target 

0.035 = target 

0.00485=universal 

Cases infected (B) 
probabilities 

0.001 = not-target 

0.002 = target 

0.0029=universal 

Universal 22.08 13.86 

Selective 333.90 57.48 

ICER (NOK) (48,812.78) (348,941.43) 

Table 12 - Variation in probabilities resulting in cases infected and ICER 

Table 12: Variation in probabilities resulting in cases infected and ICER 

 

Vaccine coverage within the target group is another probability with uncertainty. The vaccine 

coverage reported to NIPH was assumed to be around 60-70%. We varied the vaccine coverage 

in selective strategy from 70-80% to se if this would affect the ICER-value and total cases of 

infection. The results are presented in table 13 and 14.  

When vaccination coverage was increased to 70% an improvement of 38.34 cases of HBV-

infection prevented was achieved. The ICER increased with 17%. When testing the same in 

´cases infected2´ and ´case infected3´ the increase in cases prevented was 59.82cases and 34.2 

respectively.   

Increasing the vaccination coverage in target group to 80% (table 14) shows an increasing value 

of ICER, meaning universal vaccination will be more expensive as the vaccine coverage 
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increases. If the probability of infection is low in target group, p0.002, and vaccine coverage 

80%, than the threshold limit for universal vaccination is exceeded 

70% 

coverage 

Costs Cases infected 1 
probabilities: 

0.0015 = not-target 

0.048 = target 

0.00615=universal) 

BaseCaseValues 

Cases infected (A) 
probabilities: 

0.0015 = not-target 

0.035 = target 

0.00485=universal) 

Cases infected (B) 
probabilities 

0.001 = not-target 

0.002 = target 

0.0029=universal 

Universal 22,680,025 25.62 22.08 13.86 

Selective 8,438,400 396.18 274.08 162.6 

ICER (NOK)  (43,576.28) (56,514.14) (95,748.46) 

Table 13 - cases infected with 70% vaccine coverage 

Table 13: cases infected with 70% vaccine coverage in target groups  

Table 14 - cases infect 

80% 

coverage 

Costs Cases infected 2 
probabilities: 

0.0015 = not-target 

0.048 = target 

0.00615=universal) 

BaseCaseValues 

Cases infected 3 
probabilities: 

0.0015 = not-target 

0.035 = target 

0.00485=universal) 

Cases infected 4 
probabilities 

0.001 = not-target 

0.002 = target 

0.0029=universal 

Universal 22,680,025 25.62 22.08 13.86 

Selective 7,459,200 270.36 214.20 50.64 

ICER 

(NOK) 

 (54,189.75) (70,327.71) (530,071.94) 

 

Table 14: cases infected with 80% vaccine coverage in target groups
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Chapter 7 
 

7 DISCUSSION 
 

This analysis presents result of costs and effects related to vaccination of a Norwegian birth 

cohort of 60,000 infants. The results are based upon a decision tree analysis, which estimated the 

costs and cases averted in both universal and selective vaccination program. The results are 

presented from a health care perspective, with respect to societal costs. The conclusions are 

based on a threshold of NOK500, 000 per case avoided. 

Based on the assumptions described in this paper, the results presented in the analysis suggest 

that universal vaccination is not a dominant strategy.  Even though the effects, represented as 

cases avoided, are far higher in universal vaccination then current vaccination program, the costs 

of universal vaccination exceeds current strategy, resulting in a negative ICER NOK 29,535.4. 

Applying a threshold of NOK500, 000 per cases avoided result in a positive answer for universal 

vaccination.  

However, there are number of factors that should be accounted for when interpreting the results. 

Which assumptions, parameters and uncertainty in the parameters underlie the analysis dose 

effect the results to a large extent. The results of this analysis should therefor be interpreted with 

much care. 

From a societal perspective, there are no direct costs related to the vaccination program but 

effects are of great value. Even though the value perceived by the parents of their infant being 

immune for HBV-infection is not estimated in this analysis, it is expected that the pleasure of 

being immunized is greater than not immunized, not only as it will result in life lasting immunity 

but also contribute to increase in health and expected quality of life. 
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A universal program will also contribute to minimize some of the anxiety, concerns and 

discussions among the staff and parent in the kindergartens regarding a chronic HBV-infected 

child. Also some parents (mainly in target groups) may feel stigmatized by the current 

vaccination strategy, which may be avoided by universal program. 

The results of a universal vaccination will not be noticeable before 20-40 years after the program 

is started. The results will not contribute to major decrease in the HBV prevalence, as this is 

mainly influenced by number of immigrants, with chronic HBV acquired outside low endemic 

countries, living within a area. But the overall increasing HBV pressure on the indigenous 

population will decrease as more people are vaccinated, and new cases of infection within 

Norway will decrease. 

Under construction of this model some simplifications and limitations were made to conduct the 

analysis. These may have an effect on the final results of the analysis: 

- The price of vaccine influences the costs of the vaccination program. The prices used 

in this analysis are estimated based on the max selling price to pharmacies. Thus cost 

in the analysis may be greater than the actual costs are. The final price set by the 

health authorities will determine the real costs of the program. 

 

- The probabilities used for obtaining rate of infection in target, not target and universal 

group is based on estimates. The results presented as number of cases avoided are 

sensitive for the infection rate probabilities and the vaccine coverage in selective 

strategy. Thus the actual total cases may differ from this analysis. As the prevalence 

of infection was adjusted down in sensitivity analysis, the number of HBV cases 

decreased. Still the cases infected are much higher than anticipated. This is due to 

inadequate data and uncertainty related to the probabilities. More research and better 

documentation of these variables will provide increasing security in the results of the 

analysis. 
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- Outcome in Quality Adjusted Life Years (QALY´s) was not conducted as the analysis 

is limited to one year and the disease and experienced reduction in quality of life dose 

not occur before in later years. 
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Chapter 8 

 

8 CONCLUSION 
 

The conclusion of the research question is based on the threshold value of NOK500, 000. With 

ICER NOK32, 223.77 the universal vaccination program is, according to this analysis, 

recommendable, over a wide range of assumptions and uncertainty. 

 

 The future costs of chronic hepatitis B treatment and costs, if infected, related to reduced 

productivity and death will probably be much higher than the cost of vaccination.  Thus, with a 

threshold of NOK 500, 000, universal vaccination could be an effective measure on vaccinating 

those at risk and at the same time general population at large. 

 

Further research should be done to investigate the cost effectiveness of universal vaccination by 

following the patient for more than one year. Another approach of interest is to look at the result 

of implementing universal vaccination program only in areas with large immigrant populations. 
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Appendix A 

Target group for Hepatitis B vaccine in Norway financed by FHI 

Group A 

People with prolonged contact with known 

chroniBc carriers 

• Newborns of chronic carriers 

• Members of the same household as the chronic 
carrier 

• Sexual partners of chronic carriers 

• Children in family daycare or kindergartens with 
chronic carriers under 3 years 

• Residents in the same communities as the psykisk 
utviklingshemmede chronic carrier 

Group B 

Other persons at risk of Hepatitis B infection 

• Substance abusers 

• Men who have sex with men 

• People offering sexual services 

Group C 

Persons with foreign background 

• People under 25 years who’s parents are born in 

countries outside low endemic area 

Group D 

Persons with certain diseases or conditions that 

render them more susceptible to Hepatitis B or 

its consequences 

• Patients with renal failure 

• Patients with chronic liver disease 

• Patients with condition that increase bleeding, and 
frequently requires treatment with blood or blood 
products 

• People with Down Syndrome 

Group E 

People who are exposed to infection during 

study period in Norway 

• Students in medical, surgical nursing, anesthesia 

nursing, intensive nursing, midwife, dentistry, dental 

care and bio engineering 



Appendix B                                                                                                                              
___________________________________________________________________________ 

 
P a g e  | 42 

 
 

Appendix B 
 

Some calculations for cost of vaccination program and health outcomes 

1. P: probabilities: 0.0015 = not-target - 0.048 = target  - 0.00615=universal   

 

 

 

2. P: probabilities: 0.0015 = not-target - 0.035 = target  - 0.00485=universal   

 

3. P: probabilities: 0.0015 = not-target - 0.002 = target  - 0.0029=universal   

Probabilities Cohort-size Number-of-cases-in-each-groupCost-per-event Total-cost-for-the-cohort
immune 0.855000***** 60,000********* 51,300.00**** 420 21,546,000**
infected 0.000277***** 60,000********* 16.62*********** 420 6,980***********
not*infected 0.044723***** 60,000********* 2,683.38****** 420 1,127,020****
infected 0.000150***** 60,000********* 9.00************* 0 8**************
not*infected 0.099850***** 60,000********* 5,991.00****** 0 8**************

Sum: 1.0000********* Sum: 60,000.00**** Sum: 22,680,000**

Selective*Strategy
Outcomes* Probabilities- Cohort-size Number-of-cases-in-each-groupCost-per-event Total-cost-for-the-cohort
immune 0.171000***** 60,000********* 10,260********* 632 6,484,320****
infected 0.000432***** 60,000********* 25.92*********** 632 16,381*********
not*infected 0.008568***** 60,000********* 514.08********* 632 324,899*******
infected 0.005760***** 60,000********* 346************** 88 30,413*********
not*infected 0.114240***** 60,000********* 6,854*********** 88 603,187*******
infected 0.001050***** 60,000********* 63**************** 0 8**************
not*infected 0.698950***** 60,000********* 41,937********* 0 8**************

Sum: 1.0000********* Sum: 60,000********* Sum: 7,459,200****

Probabilities Cohort-size Number-of-cases-in-each-groupCost-per-event Total-cost-for-the-cohort
immune 0.855000***** 60,000********* 51,300.00**** 420 21,546,000**
infected 0.000218***** 60,000********* 13.08*********** 420 5,494***********
not*infected 0.044782***** 60,000********* 2,686.92****** 420 1,128,506****
infected 0.000150***** 60,000********* 9.00************* 0 *8**
not*infected 0.998500***** 60,000********* 59,910.00**** 0 *8**

Sum: 1***************** Sum: 60,000.00**** Sum: 22,680,000**

Selective*Strategy
Outcomes* -Probabilities-- -Cohort-size- -Number-of-cases-in-each-group-Cost-per-event Total-cost-for-the-cohort
immune 0.171000***** 60,000********* 10,260********* 632 6,484,320****
infected 0.000315***** 60,000********* 18.90*********** 632 11,945*********
not*infected 0.008685***** 60,000********* 521.10********* 632 329,335*******
infected 0.004200***** 60,000********* 252************** 88 22,176*********
not*infected 0.115800***** 60,000********* 6,948*********** 88 611,424*******
infected 0.001050***** 60,000********* 63**************** 0 *8**
not*infected 0.698950***** 60,000********* 41,937********* 0 *8**

Sum: 1***************** Sum: 60,000********* Sum: 7,459,200****
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Probabilities Cohort-size Number-of-cases-in-each-groupCost-per-event Total-cost-for-the-cohort
immune 0.855000*********** 60,000********* 51,300.00**** 420 21,546,000*****
infected 0.000131*********** 60,000********* 7.86************* 420 3,301**************
not*infected 0.044870*********** 60,000********* 2,692.20****** 420 1,130,724*******
infected 0.000100*********** 60,000********* 6.00************* 0 *8**
not*infected 0.999000*********** 60,000********* 59,940.00**** 0 *8**

Sum: 1*********************** Sum: 60,000********* Sum: 22,680,025*****

Selective*Strategy
Outcomes* -Probabilities-- -Cohort-size- -Number-of-cases-in-each-group-Cost-per-event Total-cost-for-the-cohort
immune 0.171000*********** 60,000********* 10,260********* 632 6,484,320*******
infected 0.000018*********** 60,000********* 1.08************* 632 683*****************
not*infected 0.008982*********** 60,000********* 538.92********* 632 340,597**********
infected 0.000240*********** 60,000********* 14**************** 88 1,267**************
not*infected 0.119760*********** 60,000********* 7,186*********** 88 632,333**********
infected 0.000700*********** 60,000********* 42**************** 0 *8**
not*infected 0.699300*********** 60,000********* 41,958********* 0 *8**

Sum: 1*********************** Sum: 60,000********* Sum: 7,459,200*******



Appendix C                                                                                                                              
___________________________________________________________________________ 

 
P a g e  | 44 

 
 

Appendix C 
Complete model decision tree - treeAge Pro 2014 
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