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Cost‑benefit Analyses
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ABSTRACT

Background: Haemophilus Influenzae type b (Hib) is an important 
cause of  morbidity and mortality in children. Although its burden is 
considerably preventable by vaccine, routine vaccination against Hib 
has not been defined in the National Immunization Program of  Iran. 
This study was performed to assess the cost-benefit and cost-utility 
of  running an Hib vaccination program in Iran.

Methods: Based on a previous systematic review and meta-analysis 
for vaccine efficacy, we estimated the averted DALYs (Disability 
adjusted life years) and cost-benefit of  vaccination. Different acute 
invasive forms of  Hib infection and the permanent sequels were 
considered for estimating the attributed DALYs. We used a societal 
perspective for economic evaluation and included both direct and 
indirect costs of  alternative options about vaccination. An annual 
discount rate of  3% and standard age-weighting were used for 
estimation. To assess the robustness of  the results, a sensitivity 
analysis was performed.

Results: The incidence of  Hib infection was estimated 43.0 per 
100000, which can be reduced to 6.7 by vaccination. Total costs of  
vaccination were estimated at US$ 15,538,129. Routine vaccination 
of  the 2008 birth cohort would prevent 4079 DALYs at a cost per 
averted-DALY of  US$ 4535. If  we consider parents’ loss of  income 
and future productivity loss of  children, it would save US$ 8,991,141, 
with a benefit-cost ratio of  2.14 in the base-case analysis. Sensitivity 
analysis showed a range of  0.78 to 3.14 for benefit-to-cost ratios.

Conclusion: Considering costs per averted DALY, vaccination 
against Hib is a cost-effective health intervention in Iran, and 
allocating resources for routine vaccination against Hib seems 
logical.
Keywords: Cost-benefit analysis, cost-utility analysis, Haemophilus 
Influenzae

INTRODUCTION
Invasive Haemophilus Influenzae type b (Hib) is an important 

cause of  meningitis and pneumonia in children. It is estimated 
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that at least three million serious cases of  disease 
worldwide are caused by Hib each year, with 
an annual mortality of  380,000 to 700,000 in 
under‑five‑year‑old children.[1‑4]

Although safe and effective vaccines against 
Hib are available they are under‑utilized in the 
developing countries, where a vast majority of  Hib 
deaths occur. Among the complications of  Hib 
infection, pneumonia accounts for a larger number 
of  deaths than meningitis. However, Hib meningitis 
is also a serious problem in the developing countries 
with a higher mortality rate; it leaves 15 to 35% of  
the survivors with permanent disabilities, such as, 
mental retardation or deafness.[1‑4]

There were some systematic reviews for the 
assessment of Hib conjugate vaccine efficacy.[5,6] We 
updated these reviews using a highly sensitive search, 
according to the instructions of Cochrane,[6,7] in 
another study. Nine eligible articles were enrolled in 
the updated systematic review and the pooled vaccine 
efficacy was estimated to be 84% (95% CI: 69–92%),[8] 
which was very similar to the previous estimations.

Routine use of  Hib conjugate vaccine has virtually 
eliminated Hib in industrialized countries,[1‑6] 
however, introduction of  Hib conjugate vaccine in 
developing countries has progressed more slowly, 
because of  its relatively high price.[1,3]

The World Health Organization (WHO) estimates 
that in the developed countries, 92% of  the eligible 
population is vaccinated against Hib; however, the 
average coverage is 42% in developing countries.[3]

Although the Eastern Mediterranean (EMR) is 
a diverse region, studies show a moderate‑to‑high 
burden of  Hib disease.[1,2,4] About half  of  the 
countries in the EMR have introduced Hib into 
their National Immunization Program; in Iran it 
has not been entered to the program yet.[4]

We performed this study to assess the costs of  
Hib vaccination and its benefits and to compare the 
strategy of  routine Hib vaccination of  all infants 
with a non‑vaccination program from the societal 
point of  view.

METHODS
In this economic evaluation of  the vaccination 

program, we performed both cost‑benefit and 
cost‑utility analyses. We estimated the net 
benefits, benefit‑cost ratio, and costs per averted 
Disability‑adjusted life years (DALYs).

A model was developed to follow the 1387 A.H. 
birth cohort (21 March, 2008 to 20 March, 2009) 
under two scenarios: (1) Performing vaccination 
against Hib in three doses, as a routine 
immunization program, and (2) Not‑performing 
vaccination against Hib.

We used the same methodology used in the 
burden of  disease study in Iran to estimate utilities 
(averted DALYs) of  the vaccination;[9] The state of  
health of  the birth cohort regarding the Hib disease 
was modeled using the DisMod‑II software (version 
1.05, World Health Organization, 2001‑9). Table 1 
shows the main input data for disease modeling.

Direct and indirect costs were estimated for both 
scenarios using a societal view; we estimated direct 
medical costs for both acute care and long‑term care 
of  patients with permanent sequels. Non‑medical 
direct costs, such as, the work‑absence of  parents 
and indirect costs such as the costs of  productivity 
loss were estimated. All costs were inflated 5% per 
year, and all costs and benefits in the future were 
discounted at a 3% annual rate, for the base case 
analysis in the reference year.

We used a decision tree diagram for economic 
evaluations [Figure 1]. We assumed a national 
coverage of  95% for vaccination in the birth cohort.

Data on the incidence of  invasive Hib meningitis 
was obtained from a prospective 2.5‑year pilot 
surveillance undertaken in five provinces of  Iran 
from September 2003 to February 2006 (the data 
was collected by personal communication with 

Table 1: Summary of the variable used to estimate the 
epidemiological indices of Haemophilus influenza type b 
(Hib) in Iran‑input data of the model

Reference/
source of data

ValueVariables

MOHME6.00Hib meningitis incidence (per 
100,000 children < five years old)

122.04 
[0.24]

Case‑fatality rate for Hib 
meningitis (%) [estimated deaths 
per 1 person‑year of disease]

1411Incidence of hearing loss 
after Hib meningitis (%)

144.2Incidence of epilepsy after 
Hib meningitis (%)

143.5Incidence of hemiplegia 
after Hib meningitis (%)

144.2Incidence of mental retardation 
after Hib meningitis (%)
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experts in the Ministry of  Health and Medical 
Education (MOHME)). There was limited data 
about the incidence of  other types of  invasive 
Hib diseases, so we used the ratio of  meningitis 
to pneumonia cases, to estimate the incidence of  
Hib pneumonia. This strategy has been suggested 
in the international guidelines.[10‑12] A ratio of  five 
Hib pneumonia cases to one Hib meningitis was 
considered based on the previous studies.[12]

Proportional frequencies of  the other 
complications of  Hib were obtained from the 
literature[1,13] and their incidence rates were 
estimated based on the incidence of  Hib meningitis 
data in Iran. The case‑fatality rates for meningitis 
and pneumonia were considered 2.05 and 6.02%, 
respectively, based on the estimations made 
by Feikin et al.[12] Our estimate of  pneumonia 
incidence by this method was compatible with that 
estimated by the WHO child health epidemiology 
reference group.[14]

We considered possibilities of  long‑term 
consequences of  Hib meningitis, including 
mental retardation, hearing loss, epilepsy, 

and spasticity/hemiplegia in our model. The 
probabilities of  these outcomes were obtained 
from a meta‑analysis that reported the proportional 
frequencies of  deafness as 11%, epilepsy as 
4.20%, mental retardation as 4.20%, spasticity/
hemiplegia as 3.50%, and no‑sequels in 78% of  
survivors.[15]

We applied the estimations of  incidence and 
mortality rates to the entire birth cohort of  ‑2008, 
to drive at the expected number of  cases that would 
occur in the absence of  a Hib vaccination program.

Table 2 shows the parameters used in 
economic evaluation. Direct health care and direct 
non‑medical and indirect costs were estimated 
from the point of  view of  society. Direct health 
care costs included costs of  acute care of  invasive 
Hib diseases and additional life‑long costs for 
management of  sequels after Hib meningitis. 
The costs of  outpatient and inpatient care were 
included.

To calculate the medical costs of  acute care, we 
considered frequency and average costs of  outpatient 
visits, average duration of  hospitalization, bed‑day 

Figure 1: The decision tree used for the economic analysis of vaccination against Hib in Iranian children (IHID: Invasive 
Hib Disease)
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costs of  services in the pediatric and intensive‑care 
units (ICU) of  the hospitals (estimated for 
hospitals of  private and public sectors separately) 
and other costs, including drugs, medical supplies, 
and paraclinical examination tests. We used both 
the tariffs of  the MOHME and the data extracted 
from a private and a public hospital.[16] To estimate 
the costs for the national level, we used the ratio 
of  public/private service usage from the study of  
healthcare utilization in Iran.[9] So, we assumed 
that the proportion of  people who received their 
inpatient and outpatient services from public 
health service providers were 84.0 and 67.7%, 
respectively.[9] The average costs of  acute care in 
public and private hospitals are given in Table 3.

Finally, the total cost for acute care was 
estimated for the birth cohort of  2008.

Other direct costs included costs for long‑term 
care for patients with permanent sequels (deafness, 
spasticity/hemiplegia, epilepsy, and mental 

retardation); these people required additional 
care including consultations with specialists, 
special education, hearing‑aid devices, and tests 
such as computer tomography (CT) and magnetic 
resonance imaging (MRI).

Average annual costs for special education 
(50 sessions per year) per case of  deafness was 
estimated to be 1206 US$ for the first two years. 
The annual treatment costs for the first two 
years, for cases of  epilepsy were estimated to be 
US$ 224.

The annual costs of  long‑term care and 
special education for individuals with mental 
retardation and hemiplegia were estimated to 
be US$ 2434 and US$ 2181, respectively. We 
estimated the costs of  rehabilitative services based 
on the data collected by personal communication 
with experts in the National State Welfare 
Organization.

According to these data, the average costs of  
rehabilitative services are much higher during 
the few years after the incidence of  sequel, rather 
than the following years, due to less number of  
medical investigations and therapies needed in the 
following years.

For children with deafness a cost of  US$ 333 
per hearing‑aid was included; each patient would 
need to replace the hearing‑aid every five years for 
60 years.

Total costs were inflated by 5% (to have a 
conservative estimation, we did not use high 
inflation rates of  the recent years in Iran) and 
discounted 3% annually.

We estimated the productivity loss (for both 
lives lost prematurely and permanent disability), 
the indirect costs associated with parents who 
had to miss work and stay at home to care for sick 
children.

Table 3: Costs of acute care of Hib sequels and their assumptions

Costs for 
inpatient 

care (US$)

Average 
LOS at 

ICU

Average 
LOS at 
wards

Rate for 
hospitalization 

(%)

Costs for each 
outpatient 
care (US$)

Average 
number of 

outpatient visits
302 (835)1610031 (67)*1.3Meningitis (Acute and AE6m)
198 (528)1510031 (67)1.3Pneumonia
110 (319)055031 (67)1.3Septicemia
70 (213)0410031 (67)1.0Epiglottitis

Undetected155031 (67)1.3Other

*Estimates for costs show “Public provider costs (Private provider costs)”; LOS: Length of stay; ICU: Intensive care unit; 
AE6m: After‑effects up to six months

Table 2: Parameters used for economic evaluation of Hib 
vaccination in the base case analysis

ReferenceValue in 
base case 
analysis

Parameter

MOHME (Department 
of population)

1358773Annual birth cohort

24,2395%Vaccine coverage rate
24,23One‑doseVaccine vial size

MOHMEUS$ 3.5Vaccine price per dose
MOHMEUS$ 0.72Unit price of syringe

245%Vaccine wastage rate
19US$ 0.1 

per dose
Vaccine cold 
chain costs

884%Vaccine efficacy
4, 233 dosesImmunization schedule

www.mui.ac.ir 
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To estimate the monetary costs of  parent 
missing work due to acute care, we considered the 
length of  care for sick children. Those were 38 days 
for meningitis, 19 days for pneumonia, 15 days for 
epiglottitis, and 30 days for septicemia.[17,18]

For children with permanent sequels or 
premature death, we estimated the loss of  income 
for ages between 20 and (average age of  getting 
first job) 65 years. The disability weights were used 
to calculate loss of  potential income for children 
with sequels.

To estimate the economic value of  productivity, 
the human capital method was used.[17‑22]

An individual’s monetary value of  life was 
considered as his or her future average production 
potential. The present value of  the future years was 
calculated using an annual discount rate of  3%. 
The proportion of  economically active population 
was considered to be 50% for calculation. The 
required data were extracted from the data provided 
by the World Bank[23] and the Central Bank of  Iran.

Costs of  Hib vaccine delivery were calculated 
according to the WHO guidelines for estimating 
costs of  new vaccines.[4,24] A 10% increase in 
income was considered for every five years; the 
estimate for per capita income for year 2008 was 
$ 10840, based on the purchasing power parity.[23]

We assumed that the Hib vaccines will be 
administered by the public healthcare providers, 
similar to the other immunization programs in 
our country. There are several formulations of  
Hib vaccine such as Hib vaccine combined with 
DTP (Diphtheria‑Tetanus‑Pertussis), Hepatitis‑B 
vaccine or polio vaccine.[24] However, in the 
present study, we considered the Hib monovalent 
vaccine in the three‑dose schedule, concurrent 
with DTP vaccination schedule. The number of  
immunizations needed with Hib conjugate vaccine 
was three to four.[1,4,24]

The coverage rates were considered to be 95% 
for each dose. We assumed that the Hib vaccine 
Monovalant would be to introduce in a one‑dose vial, 
which would result in a low vaccine wastage rate.[25]

Items that were considered in estimating the 
costs of  the immunization program included the 
vaccine price, maintaining cold chain, equipment 
of  injection, and treatment of  adverse reactions.[4,24] 
On account of  the concurrent provision of  Hib 
vaccine with routine DTP, we did not consider 
the opportunity costs for vaccinators or the costs 

for the time dedicated by the caregivers to the 
vaccination. Also, transportation of  children and 
caregivers to health facility centers would not 
involve any additional costs.

We considered the cost of  maintaining a cold 
chain as US$ 0.1 per dose of  Hib vaccine, similar 
to the other programs.[20]

The parameters for estimating the costs and 
efficacy of  Hib vaccination are summarized in 
Table 2.

However, if  Hib immunization is adopted as one 
of  the routine immunizations and administrated in 
public clinics, the costs would decrease.

The Hib immunization schedule is the same as the 
DTP immunization schedule, which can decrease 
the administrative cost. It has been considered as a 
30 – 50% reduction of  administrative costs in most 
countries.[17‑22] We assumed a reduction of  40% in 
our study, for administrative costs.

Conjugate vaccines have been found to be 
generally well‑tolerated.[5,6,8]

Adverse events associated with it do not occur 
in a significantly higher proportion compared to 
other routine vaccines that were administered at 
the same time.[5,6,8]

Therefore, the associated costs were not 
included.

Disability‑adjusted life years: We estimated that 
DALYs attributed to Hib infection in Iran for two 
alternative scenarios; incidence rate, case‑fatality, 
and remission rate for meningitis, pneumonia, 
epiglottitis, and septicemia were used as the input 
data of  the model and the output of  DisMod 
(Incidence, duration of  disease, average age at onset 
of  disease, and mortality rate) were used to calculate 
the years of  lives lost (YLL) and years lived with 
disability (YLD). Then we added the YLL and YLD 
to calculate the DALYs. We considered a 3% discount 
rate and age‑weightings for DALY calculations. 
Disability weights were equivalent to the global 
burden of  disease study or Dutch weights.[26,27] We 
used the life expectancy data reported by MOHME 
for Iran, for comparison. Costs per averted DALYs 
were estimated as a measure of  utility.

RESULTS
Introduction of  Hib vaccine would reduce the 

estimated incidence of  HIB disease from 43.0 to 6.7 
per 100,000 under‑five‑year‑old children, in Iran.

www.mui.ac.ir 
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Our model predicted that Hib vaccination in the 
2008 birth cohort would prevent 2301 new cases of  
Hib disease and 113 related deaths. Frequencies of  
different outcomes of  Hib are seen in Table 4. The 
intervention would prevent 4079 DALYs, which is 
the difference between DALYs attributed to Hib 
disease under the two scenarios.

Table 5 shows the estimated costs and expected 
benefits of  the vaccination program. We estimated 
that the Hib vaccination program spends US$ 6754 
to prevent one invasive Hib case, US$ 136,300 to 
prevent one Hib‑related death, and US$ 4535 per 
averted‑DALY.

The HIB vaccination program would reduce 
direct costs of  Hib disease acute care from 
US$ 9,694,322 to US$ 1,551,091 [Table 5]. 
Considering the monetary values of  life by the 
human capital method, the program would net 
save net present value (NPV) US $ 8,991,141. 
The Benefit‑cost ratio would be 2.14 for the Hib 
vaccination program.

We undertook several one‑way and two‑way 
sensitivity analyses to evaluate the robustness of  the 
findings, to make changes in the assumptions. We 
changed the incidence rate of  meningitis and the 
discount rate and case fatality rate of  pneumonia 
[Table 6].

We re‑analyzed the data assuming two different 
conditions for the Hib meningitis incidence rate: 
Half  of  the primary estimation (3.0 per 100000) 
and minimum estimated incidence for the eastern 
Mediterranean region (EMR), which was 16.0 
per 100,000 (more than 2.5 times the estimation 
for Iran). For the discount rate, we used a 5% rate 
instead of  3%. As the estimates of  the pneumonia 

cases, primarily based on a study on HIB meningitis 
cases, and considering that the CFR of  pneumonia 
in other countries was usually lower than meningitis 
CFR, we performed a sensitivity analysis with a 
pneumonia CFR of  2%. The range of  benefit to 
cost ratio was between 0.78 and 3.14.

DISCUSSION
Making decisions for the introduction of  Hib 

to the National Immunization Program is mainly 
a consideration of  "costs and administration" not 
"efficacy and safety".[28,29] Results of  the current 
study showed that introduction of  Hib vaccination 
in Iran could reduce the total cost to society. We 
found that the ot per averted‑DALY was about 
US$ 4535. The WHO considers an intervention as 
cost‑effective when the cost per discounted DALY 
averted is one to three times the gross domestic 
product per‑capita;[30] so, we could consider Hib 
vaccination as a cost‑effective intervention in the 
situation of  Iran.

On the other hand, the benefit‑cost ratio of  this 
intervention seems favorable (>1) and would be 
accompanied with a positive economic benefit for 
the society.[17]

The sensitivity analysis showed that under 
special circumstances (such as low CFR of  
pneumonia), this ratio could be lower than 1. 
Unfortunately, there was no official national system 
for health technology assessment. There was little 
information about the economic evaluation of  
other health interventions in Iran, so we could not 
compare Hib vaccination with other interventions, 
to decide the resource allocation.

Table 4: Frequency of different outcomes of Haemophilus influenzae type b in 2008 birth cohort of Iran with and without 
vaccination

DALYs 
prevented

With Hib 
vaccination (cases)

DALYs 
attributed

Without Hib 
vaccination (cases)

Complications attributable 
to H. influenzae type b

43662685385Meningitis (Acute and AE6m) 
259331530871969Pneumonia
15851188321Septicemia
76109064Epiglottitis
NA438NA2739Total invasive Hib
6771480688Permanent sequels
NA24NA137Death

4079‑4856‑Total

DALYs: Disability‑adjusted life years; AE6m: After‑effects up to six months; NA: Not‑applicable (to avoid duplication of 
estimates)
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We used some conservative assumptions; 
if  we ignored these assumptions, the situation 
would be pro‑vaccination. We did not consider 

herd‑immunity in the analysis as in the previous 
studies; however, it would lead to decreased costs of  
the vaccination program and increased benefit‑cost 
ratio. Also the estimated vaccine efficacy in this 
study was lower than the estimates in the previous 
studies, which were generally higher than 90%.

We considered three doses of  vaccination 
based on the recommendations of  the National 
Expert Committee. In a four‑dose scenario, the 
benefit‑to‑cost ratio would be decreased.

Pneumonia is the most common type of  Hib 
disease in developing countries.[1,2,17‑22]

In our study, the largest part of  the Hib burden 
was due to pneumonia (3087 DALYs). Findings 
from Hib vaccine trials have explained reduction 
in radiologically proven pneumonia cases.[1,10‑12]

The incidence of  Hib disease is a major 
determinant of  the economic burden of  the disease. 
We obtained incidence of  Hib meningitis from five 
states not at the national level. Also, the estimates 
for other types of  Hib invasive diseases and sequels 
of  meningitis were extrapolated from the studies 
in other settings; that was the most important 
limitation in this study.

Iran is one of  the countries in the Eastern 
Mediterranean. The WHO reported Hib disease 
as “a serious threat for children globally and in 
the Eastern Mediterranean Region” (EMR).[1,2,31] 
The Hib meningitis incidence in the middle east is 
estimated to be 16–31 per 100,000 children under 
five years, which is higher than our estimate for 
Iran.[31] About half  of  the countries in the EMR 
have introduced Hib vaccine into their routine 
immunization. The WHO reports that the efficacy 
of  the Hib vaccine in Bahrain, Qatar, Kuwait, 

Table 5: Estimated costs and expected benefits of Hib 
vaccination of 2008 birth cohort in Iran

TechniqueAmountComponent
Benefits

8,143,231 US$Saved direct medical 
costs (SDMC)

References 
16 – 17

267,263 US$Prevention of parents’ 
income loss (while 
children in hospital)

References 
16 – 17

3,087,435 US$Prevention of parents’ 
income loss (children 
with sequels)

References 
16 – 17

18,157,659 US$Prevention of children’s 
future income loss 
(deceased children)

References 
16 – 17

3,650,455 US$Prevention of 
children’s future 
income loss (children 
with sequels)

25,162,813 US$Total benefits
Costs

15,538,129 US$Vaccination costs 
(immunization and 
administration)

(Vaccination 
costs ― 
SDMC)/
averted cases

6,754 US$Costs per case averted

(Vaccination 
costs ― 
SDMC)/
averted sequels

78,874 US$Costs per averted 
sequels (permanent 
sequel or death)

(Vaccination 
costs ― 
SDMC)/
averted deaths

136,300 US$Costs per death averted

(Vaccination 
costs ― 
SDMC)/
averted DALYs

4,535 US$Costs per DALY 
averted

NPV=∑Bt/
(1+r)^t−∑Ct/
(1+r)^t

8,991,141 US$Net benefits

BC=∑Bt/
(1+r)^t/∑Ct/
(1+r)^t

2.14Benefit/cost ratio

All benefits and costs have been estimated by discounting 
(0.03 per annum) and inflating (0.05 per annum)

Table 6: Sensitivity/uncertainty analysis

Benefit‑
to‑cost 
ratio

Case‑
fatality of 

pneumonia 
(%)

Incidence of 
meningitis 

(per 
100,000)

Discount 
rate (%)

2.146.0263Base case‑
analysis

1.452.0063One‑way
1.136.0265One‑way
0.782.0065Two‑way
3.146.02163One‑way
2.362.00163Two‑way
1.526.0233One‑way
0.832.0033Two‑way
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Saudi Arabia, and United Arab Emirates has been 
confirmed.[31]

If  we consider the potential productivity loss of  
cases of  Hib, the benefit‑to‑cost ratio of  vaccination 
against Haemophilus influenzae would be 2.14. 
Program costs per averted DALY were estimated 
to be US$ 4535, which could be categorized as a 
cost‑effective health intervention. We conclude that 
adding this intervention to our routine national 
immunization program is a logical decision, based 
on the current best available evidence.
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