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NmenB vaccine (4CMenB) is now available, but studies on the cost-effectiveness of vaccine introduction in a country
outbreak situation are lacking. The aim of this study was to evaluate the cost-effectiveness of 4CMenB in the context of
a hypothetical epidemic outbreak in Chile. We analyzed the direct and indirect costs of acute disease, sequelae and
death for each case of meningococcal disease (MD) based on information obtained during the latest NmenB outbreak
in Santiago, Chile, occurring between 1993–1999, with an incidence of 5.9/100,000 inhabitants and a mortality of 7.3%.
We analyzed the cost of a mass vaccination campaign, considering one dose of 4CMenB for population between 12
months and 25 y of age and 3 doses for infants. Cost-effectiveness analysis was based on 80% and 92% 4CMenB
immunogenicity for individual’s bellow and over 12 months respectively. Sensitivity analysis was applied to different
vaccine costs. Results: The total cost of the epidemic was USD $59,967,351, considering individual cost of each acute
case (USD$2,685), sequelae (USD$2,374) and death (USD $408,086). In Chile, the 4CMenB mass vaccination strategy
would avoid 215 cases, 61 sequelae, and 16 deaths per year. The strategy would be cost-effective at a vaccine dose cost
� of USD$18. Conclusions: Implementation of a mass vaccination campaign to control a hypothetical NmenB outbreak
in Chile would be cost-effective at a vaccine cost per dose � of USD$18. This is the first report of a cost-effectiveness
analysis for use of 4CMenB as a single intervention strategy to control an epidemic outbreak of NmenB.

Introduction

Meningococcal disease (MD) is a major cause of sepsis and
meningitis in children and young adults1 with incidences ranging
from 0.5 to 1,000 per 100,000 inhabitants worldwide.2-4 Five
Neisseria meningitidis (Nmen) serogroups - A, B, C, Y and W –
account for the majority of cases, with a variable distribution
among different regions and time periods.3,4

In Latin America, serogroups B and C have been responsible
for 80 to 90% of MD cases in the last 2 decades5 with an increase
in serogroup W and Y during the last 3 y in the south cone.6,7

The incidence of MD currently varies from 0.1 to 2 cases per
100,000 inhabitants among the different countries in the region
with mortality rates ranging between 10 and 27%.8

The development of vaccines against serogroup B has been
difficult because of the similarity between bacterial and human
neural tissue polysaccharides.9,10 Using reverse vaccinology, pro-
tein based vaccines have been developed.11-13 A multicomponent
serogroup B meningococcal vaccine (4CMenB) has been devel-
oped including 4 recombinant proteins in addition to an outer

membrane vesicle (OMV).14,15 Vesikari et al.11 demonstrated 84
to 100% protective immunogenicity of this vaccine in infants
receiving immunization at 2, 4, and 6 months of age. The tolera-
bility profile was acceptable when administered together with
routine childhood vaccines. Santolaya et al.12 assessed the immu-
nogenicity of 4CMenB in different schedules of one, 2 or 3 doses
in adolescents. The study showed a protective immune response
in 92 to 97% adolescents after one dose, and 99 to 100% after 2
or 3 doses.

Serogroup B MD occurs in epidemic outbreaks with inter-
epidemic periods of varying lengths differing to serogroup C
which occurs in outbreaks and short waves and serogroup A
which is associated with major cyclical epidemics in sub-
Saharan countries.9,16 The decision to incorporate a meningo-
coccal vaccine to National Immunizations Programs should
be determined by local epidemiology, disease impact and cost
effectiveness evaluations of this measure. In low and middle-
income countries, with limited resources, the decision to
implement theses vaccines is prioritized for epidemic
situations.
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To date there are no models to study the cost-effectiveness of
NmenB vaccine for the control of a MD outbreak. In order to
develop these models, precise knowledge on the direct and indi-
rect costs associated with management of acute illness and
sequelae as well as the cost of each death for society is required.

Epidemiological and clinical information obtained from an
outbreak can serve as a basis to generate a model of cost-effective-
ness for implementation of NmenB vaccine strategy. Chile is a
country with a population of near 16 million inhabitants with a
gross domestic product (GDP) per capita of USD$ 15,636
(World Bank 2012). The last NMenB epidemic outbreak period
in Chile occurred between 1993–1999 in Santiago, the main city
of the country.17,18 In 1993, rates for serogroup B MD in
Santiago exceed the epidemic threshold of 5 per 100.000 inhabi-
tants, with an incidence rate of 5.9 per 100,000 inhabitants
(60% of the cases occurring among children under 5 y of age).
The proportion of individuals suffering sequelae from MD in
1993 was 28.3% after one year of follow up and the lethality was
7.3%.17,19,20 At that time, the Ministry of Health considered the
outer membrane protein (OMP) meningococcal vaccine, but
data suggested that this vaccine did not confer protection during
a heterologous strain outbreak.17

The aim of this study was to determine the cost-effectiveness
of using 4CMenB in a one-time intervention strategy for the con-
trol of a hypothetical epidemic outbreak in Chile, a middle-
income country.

Results

Costs of meningococcal disease
Direct, indirect and total acute illness costs can be found

in Table 1. The mean direct cost at present value for man-
agement of an acute case of MD in public hospitals was
USD $1,074. Hospital bed days accounted for most of the
cost, followed by immediate post hospital follow-up, and by
cost of laboratory tests. Mean indirect costs associated with
acute illness was USD $1,611 adding to a total cost related
to acute illness of USD $2,685. Details of acute illness costs
and frequencies of services observed during MD in Public
Hospitals are found in Table 2.

Direct, indirect, and total costs of MD sequelae
The mean overall cost for management of MD sequelae was

USD $2,374. The sequelae with the highest proportional cost
was mild and moderate intellectual disability adding USD $
1,389 per case. There were no case of severe mental retardation
or profound intellectual disability recorded and thus for they
were not included in the model (Table 1 and details in
Table 3).

Indirect costs of death
Productive years lost due to mortality multiplied by the aver-

age annual salary accounted for a mean indirect cost due to early
MD associated death of USD $408,086 per case (Table 1).

Cost of the MD epidemic outbreak
The total estimated cost of the NMenB epidemic outbreak

occurring between 1993 and 1999 was USD $59.967.351 calcu-
lated at present value with a 6% of rate discount (Table 4).

Intervention costs

Mass vaccination campaign costs
Logistics, advertising and cold chain associated costs for the

proposed vaccination strategy was USD $ 355,568, USD $
2,620,830 and USD $ 42,775 respectively. These were consid-
ered fixed costs independent of unit cost of the vaccine.

Vaccination campaign effectiveness analysis
The proposed vaccination strategy would theoretically pre-

vented 215 cases yearly of MD, 60.9 sequelae and 15.7 deaths
(Table 5 and 6). The total averted costs (acute cases, sequelae
and death) was estimated in USD $ 41,995,724. The net cost of
the vaccination campaign include the cost of the vaccination
strategy considering different values of the vaccine plus the cost
of the cases derived from non-prevented MD cases, sequelae and
death (USD $ 6,493,162) (Table 7).

We considered an additional period of 12 months of delay in
the total cost of the outbreak (USD 9,900,168), in this scenario,
the total cost of the MD outbreak increase from USD
$59,967,351 to USD $69,867,519.

For the sensitivity analysis we compared the net cost of vacci-
nation campaing (mass vaccination campaign plus the costs of
not adverted cases, sequelae and death considering the hypotheti-
cal effectiveness of the vaccine) with costs of the MD epidemic

Table 1. Meningococcal Disease: Direct and indirect costs of acute illness,
sequelae and indirect costs of death

A. Acute Illness

a.1 Direct Costs
Service provided Public Hospital USD $*
- Pre-hospitalization expenses 40
- Hospital bed day 728
- Laboratory tests 136
- Antimicrobial Prophylaxis 17
- Post-dismissal follow-up 153
Total Direct Costs 1,074
a.2 Indirect Costs
- Pre-hospitalization expenses 379
- Hospitalization 727
- Post-hospitalization 505
Total Indirect Costs 1,611
Total Costs of Acute Illness* 2,685

B. Sequelae

b.1 Direct Costs 1,593
b.2 Proportional Indirect Costs 781

Total Costs of Sequelae 2.374

C. Indirect Costs of Mortality 408,086

*The total costs of health services used in each MD cases of the 1993 cohort
were calculated (see in Table 2). This costs were applied to the cases
detected by surveillance in the following years, 1994 to 1999. Costs are pre-
sented at 2013 prices. Annual discount rate 6%.
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outbreak plus 12 months of delay, resulting in a cost effective
vaccination campaign at a vaccine cost of equal or less than 18
USD (Fig 1 and Table 7).

Discussion

This study provides an estimate of the cost-effectiveness of a
vaccination campaign using the novel 4CMenB vaccine for con-
trol of a new hypothetical outbreak of MD from NmenB in a
middle-income country. A strategy considering 3 vaccine doses
in infants younger than 1 y and one dose for individuals aged 12
months to 25 y could avert 215 acute MD cases, 61 sequelae and
16 deaths. 4CMenB mass vaccination in this hypothetical epi-
demic situation resulted cost-effective at a vaccine cost per dose
of USD$18 or less.

The decision to vaccinate the population in an epidemic out-
break depends on factors such as the impact of the disease, the
number of cases averted, the mortality rate, the availability of a
vaccine against predominant serogroup and costs.21-23

A novel vaccine for NmenB, approved by the European Medi-
cines Agency (EMA) in January 201324 has become available. In
the UK the incorporation of this vaccine to the national immuni-
zation program was evaluated. A theoretical model of 4CMenB
vaccine cost-effectiveness was performed in infants under one
year, describing that the vaccine was cost-effective with a value of
less than USD$ 13.7.25 Pouwels et al.,26 showed that vaccination
with 4CMenB for Dutch infants in a primary 3-dose scheme and
a booster dose at 11 months, was not cost-effective with the cur-
rent incidence of MD in the country of less than 1 per 100,000
at a vaccine cost above USD $50 per dose. Preliminary data of
the costs of MD during endemic periods in some Latin American
countries have been reported only in small-circumscribed out-
breaks. The total cost (direct and indirect) of the acute illness in
one study conducted in Chile was USD $ 3,785, in Colombia
USD $ 5,108 and Panama USD $ 5,327.27

Vaccination strategies during an outbreak have been widely
studied with vaccines in different regions of the world, especially
in sub-Saharan Africa.28,29 This strategy proved to be suboptimal
because of lack of capacity for appropriate surveillance. However,
in higher-income countries with better surveillance systems, the
use of strategies of vaccination against serogroup C outbreaks,
such as New Zealand,30 United Kingdom,31 Canada32 and
Brazil33 have shown to be effective for the control of MD cases.

After mass vaccination with the monovalent conjugate vaccine
C in Canada in 2002, there was an increase in the proportion of
NmenB cases. In recent years, serogroup B has been responsible
for 88% of all cases of reported in surveillance laboratories in
Canada.32 It is important to note, that changes in the predomi-
nant serogroup of Nmen (capsular switch) can be determined by
vaccination programs34,35 changing immunoprevenible
serogroups to another not immunoprevenible serogroups.

Recently in Chile, an increase of MD cases by serogroup W
was reported. The Ministry of Health started a vaccination cam-
paign for all children from 9 month to 5 y of age with the

Table 2. Frequencies and costs of services observed during MD in Public
Hospitals, Santiago, Chile (1993)

Average fee
established

by the FONASA
# according to
MAI& 2013

(USD)

Frequency of
services observed

during MD in
Public Hospitals,
Santiago, Chile.

1993

PRE-HOSPITALIZATION EXPENSES
Outpatient visits 8,4 2
Emergency department (ED) visits 22,7 1

- HOSPITAL BED DAY
Intensive Care Unit* 277,7 1,58
Intermediate Treatment Unit * 134,1 0
Basic Care Unit* 66,8 4,33

- LABORATORY TEST
Blood cell count (CBC) 4,5 2
Hematocrit 1 0,42
Platelet count 1,7 0
C reactive protein 6,6 3
Sedimentation rate 0,8 0,58
Blood culture 6,3 2,25
Cerebroespinal fluid cytochemical 4 1,25
Cerebroespinal fluid Gram Stain 1 0,83
Cerebroespinal fluid Latex 6,6 0,75
Cerebroespinal fluid Culture 5,2 0,83
Antibiogram 4,1 3
Pethequial culture 5,2 0,02
Urine culture 5,5 0,25
Stool culture 6,2 0,08
Lactic acid 5,6 0
Plasmatic electrolytes 2,2 4,75
Venous blood gas 5,5 3,33
Creatinine 1,7 0,25
Urean nitrogen 1,2 1,17
Complete urine 2,8 0,42
Glycemia 1,8 1,58
Biochemical profile 12,7 0
Albumin 3,6 0,08
Hepatic tests 15 0,17
Coagulation tests 3,6 0,5
Fibrinogen 6,6 0,08
Plasma osmolality 2,5 0,17
Echocardiogram 100.5 0,17
Electrocardiogram 9 0,08
Abdomen X-ray 10,1 0,08
Thorax X-ray 10,1 0,42
Brain computed axial tomography 136,8 0,08
Blood transfusion 15,9 0

ANTIMICROBIAL PROPHYLAXIS
Ciprofloxacin capsules 0,04 94
Rifampicin suspension 2,29 0,7
Epidemiological visit (contacts) 2,3 2
Contacts education 6,7 1

POST-DISMISSAL FOLLOW-UP
Neurologist visit 10,6 1
Otolaryngologist visit 13,8 1
Evoked potentials 145 0,5
Audiometry 64,5 0,5
Tympanometry 18,5 1
Psychologist visit 5,4 1

#National Health Fund. & Institutional Assistance Regulations. *Include treat-
ment-related expenses.
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tetravalent conjugate vaccine ACWY in the country, without a
previous cost-effectiveness study because of the rapid emergence
of the outbreak associated with high mortality.36 Since the begin-
ning of vaccination strategy there have been no reported cases of
MD in the vaccinated group. Serogroup B is currently the second
serogroup in frequency in our country and it seems interesting to
known the costs of MD in case that its reemerge, knowing the
variable epidemiology of Nmen in time.

An appropriate estimate of disease impact is relevant for the
adoption of better decisions once an epidemic outbreak occurs,
including the cost-effectiveness of a vaccination strategy.

In most developing countries health care costs are underesti-
mated, in which private health system has significantly higher
costs compared to public health system. In our study, when we
estimated the cost of a case of MD in the private health system, a
value of USD $ 11,958 was obtained.37,38

The costs of sequelae also appear low in our model. This was
calculated by the frequency of occurrence of each particular
sequelae. The most common sequelae detected were those with
lower cost for treatment and follow - up (borderline and mild
intellectual disability). There were no cases of severe mental retar-
dation or profound intellectual disability and for this reason it
was not included in the model. As we showed in the Table 3,
severe cases of sequelae were as follows: intellectual disability (n
D 0), hearing loss (n D 1), spastic paresis (n D 0), paralysis (n D
0), amputation (n D 1). The case of amputation did not present
functional limitations since only the second and third toe were
involved. In our study the frequency of the calculations were con-
sistent with those observed in other countries.39

We considered a vaccination strategy with 3 doses of 4CmenB
in infants younger than 12 months and one dose in the group

aged 12 months to 25 years, because there is no data with only
one dose in infants less than 1 y of age. First data reported in
infants suggested that this vaccine take over 73 to 87% of the
NmenB strains in 5 European countries.35,40 That’s why we used
an immunogenicity theorical value of 80%. In adolescents
(11–17 years) protective titers are observed (over 90%) with one
vaccine dose,12 so this immunogenicity was extrapolated in this
study to subjects between 1–25 y

One limitation of our study was that we have to estimate the
vaccine effectiveness from immunogenicity data, because the lack
of clinical studies on NmenB vaccine efficacy. We used a theoreti-
cal model based on data collected from a real outbreak of NmenB
MD, determining MD cases treated in the public hospital net-
work of Santiago, assuming that the characteristics of a new out-
break would be similar. This model could be extrapolated to
other Latin American and middle-income countries with similar
health care and living costs but as mentioned previously, in devel-
oping countries the health care costs are underestimated com-
pared to the real costs of the health services. At higher cost of the
disease could show a better cost-effectiveness of the intervention
against epidemic outbreak, and make vaccination look more
favorable. Another limitation of our model was that at that time
we did not consider the costs of adverse reactions of the vaccine
and the waning immunity years post-vaccination. We consider
the same immunogenicity of the vaccine for the entire period.
Recently, Santolaya et al.41 reported the persistence of antibodies
in adolescents 18–24 months after immunization with one, 2, or
3 doses of 4CMenB meningococcal serogroup B vaccine. They
showed that after 18–24 months, 62–73% of subjects receiving
one dose had titters � 4 against the 3 antigens, 77–94% after 2
doses and 86–97% after 3 doses. To our knowledge, there is not

Table 3. Number, frequencies and proportional costs of MD sequelaes observed in Santiago, Chile during the first epidemic year (1993)

Number of
sequelaes (1993)

Frequencies of
sequelaes (%)

Unitary cost
of sequelaes

Proportional costs
of sequelae (USD)

Intellectual disability (IQ < 80)
- Borderline 79–70 34 36,6 120,6 44,1
- Mild 69 - 55 17 18,3 5872,2 1073,4
- Moderate 54- 4 5 5,4 5872,2 315,7
- Severe 39 -25 0 0 5872,2 0
- Profound 0 0 5872,2 0

Hearing loss
- Mild 20- 40 dB 13 13,9 0 0
- Moderate 40 -70 dB 7 7,5 51,5 3,87
- Severe 70 – 90 dB 2 2,1 492,1 10,6
- Profound � 90 dB 1 1,1 5751,6 61,85

Spastic Paresis
- Mild 2 2,15 549,1 11,8
- Moderated 1 1,1 976,6 10,5
- Severe 0 0 2593 0

Paralysis
- Mild 1 1,08 559,3 6,01
- Moderated 1 1,08 986,9 10,6
- Severe 0 0 2603,4 0
Seizures 4 4,3 604,4 26
Skin grafting 4 4,3 229,7 9,9
Amputation 1 1,08 797,9 8,58
Total of direct sequelaes observed in 1993 93 100 1593
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available information in infants and the impact of 4CmenB in
control of massive outbreaks. We also considered that our model
had the limitation to assess the impact of disability only in a 5 y
period, nevertheless death costs were calculated as years of pro-
ductive life lost due to mortality multiplied by the average salary,
considering the life expectancy in Chile.

The immunogenicity of 4CMenB could be underestimated
because the clinical effectiveness of the vaccination and herd
immunity effect is unknown.42,43 Evidence from large-scale vac-
cination programs in Canada, Spain and the UK43-45 suggest
that there may be benefits on the herd immunity associated with
meningococcal vaccination, at least in some populations,46 situa-
tion that theoretically could occur with the NmenB vaccine
improving its cost effectiveness.

In conclusion, 4CMenB mass vaccination in a hypothetical
epidemic situation to control an NmenB outbreak in Chile
resulted cost-effective when the cost per dose were USD$18 or
less. This report is the first approach to 4CMenB cost-effective-
ness in the context of an epidemic outbreak of serogroup B. The
present study might become of interest to countries where Nmen

B is predominant since epidemic outbreaks can occur due to the
cyclical nature of MD.

Methods

To assess the cost-effectiveness of 4CMenB we extrapolated
data from the last NmenB epidemic outbreak occurred in Chile
between 1993–1999. Data was obtained from the Epidemiology
and Surveillance Division of the Ministry of Health, Chile;
which collects all cases of MD reported in our country (MD is a
mandatory report illness). We selected the total notified cases per
year of MD in Santiago, between January 1st, 1993 and Decem-
ber 31st, 1999. The case definition was a MD -like syndrome
plus NmenB isolation from cerebrospinal fluid (CSF), and/or
capsular antigen positivity in CSF, and/or gram negative diplo-
cocci in CSF, and/or � 100 leukocytes/mm3 CSF associated
with disseminated petechiae or purpuric eruptions. A non-men-
ingitis MD case was defined when Nmen strain was isolated from
a normally sterile body sites (blood, synovial fluid or skin lesions)

Table 5.MD Outbreak Vaccination Theoretical Model: 4CmenB 3 doses in infants (<12 mo) and one dose given to population between 12 month and 25 y of
age in Santiago, Chile

Target Population

Age Group
Total

Population
Coverage

(%)
Effectiveness

(%)

Meningococcal
Disease Rates
1993–1999
Outbreak

Unvaccinated
Expected
Cases/year

Vaccinated
Expected
Cases/year

Prevented
Cases/year

2 mo- 11 mo 82.298 92 80 50,9 42 11 30,8
12 mo – < 2 yrs 102.282 92 80 11,6 12 3,1 8,8
2 yrs– < 5 yrs 303.308 95 92 28,2 85 10,8 74,7
5 yrs- 9 yrs 495.344 95 92 13,6 67 8,5 58,5
10 yrs– 16 yrs 713.133 95 92 5,1 36 4,6 31,6
17 yrs – 19 yrs 340.507 92 92 2,3 8 1,2 6,5
20 yrs– 24 yrs 606.516 92 92 0,8 5 0,8 4,1
Target Population Total 2.643.388 255 40 215
Unvaccinated Population
<2 mo 20.574 0 0 48,6 10 10 0
> 25 yrs 4.240.843 0 0 0,8 34,4 34,4 0
Unvaccinated Population Total 4.261.417 44,4 44,4 0
Total 6.904.805 299,4 84,4 215

Table 4. Cost of Meningococcal Disease Epidemic Outbreak 1993–1999 Santiago, Chile

Epidemic outbreak years Year 1 (1993) Year 2 (1994) Year 3 (1995) Year 4 (1996) Year 5 (1997) Year 6 (1998) Year 7 (1999) Total

No Cases # 328 268 328 291 312 294 314 2135
No Sequelae # 93 76 93 82 88 83 89
No Deaths # 24 20 24 21 23 21 23
Cases Costs* US$ 880,680 719,580 880,680 781,335 837,720 789,390 843,090 5,732,475
Sequelae Costs** US$ 220,782 180,400 220,782 195,879 210,004 197,897 211,357 1,437,101
Mortality Costs*** US$ 9,794,064 8,002,566 9,794,064 8,688,151 9,316,603 8,777,930 9,377,816 63,751,195
Total Costs US$ 10,895,526 8,902,547 10,895,526 9,665,365 10,364,327 9,765,216 10,432,264 70,920,771
Present Value Total Costs US$* 10,895,526 $8,398,629 9,696,979 8,115,227 8,209,518 7,297,138 7,354,334 59,967,351
Annual discount ratio of 6% 1 1,06 1,12 1,19 1,26 1,34 1,42

#Cases, sequelae and death costs are based on data from the MD outbreak in 1993–1999 and presented at 2013 prices.
*Direct cost acute illnes (cases): USD$ 2,685/ **Sequelae cost USD$ 2.374/ ***Mortality cost USD$408,086.
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or the individual had symptoms consistent with bacterial sepsis
including purpuric eruptions and/or a Waterhouse-Friderichsen
syndrome in the absence of a meningeal syndrome.

To assess the cost-effectiveness model we considered 3 points:
1. the costs of MD (direct and indirect costs of the acute illness
and sequelae, indirect costs of deaths), 2. the costs of the epi-
demic outbreak and 3. the intervention costs (mass vaccination
campaign and the hypothetical effectiveness of the vaccine) and
the cost-effectiveness analysis.

All costs were estimated in local currency values and later con-
verted into USD values using the value of the dollar at the time
of analysis (USD $1 D 480 CLP).47 We considered an annual
discount rate of 6% (corresponding to the inflation rate during
the year 1993) and the general consumer price index from Chile
to adjust all costs into 2013 US dollars equivalent.

Costs of meningococcal disease
We considered direct, indirect and total costs of the acute

illness; direct, indirect and total costs of sequelae, and the indirect
costs of deaths.

Direct, indirect and total cost of acute illness
Eigthy % of the MD cases was treated in the public hospital

network of Santiago during the NmenB epidemic outbreak and
data were available for cost evaluation during the first epidemic
year (1993). The total costs of health services considered in each
MD case of the 1993 cohort were calculated. These costs were
applied to the cases detected by surveillance in the following
years, 1994 to 1999. The costs of the acute MD from other years

were available, but did not differ from that described in the
cohort of 1993.

For calculations of direct costs we included the costs of con-
sultation prior to hospitalization, treatment-related expenses,
hospital bed days, drugs administered, laboratory tests, and con-
tact chemoprophylaxis. We used the average costs provided by
the Chilean public health care system for each item specifically
adjusted to each individual case (Table 2). The average fee estab-
lished by the National Health Fund (FONASA) according to the
Institutional Assistance Regulations (MAI 2013) multiplied the
total number of events per item per patient.

Indirect costs were calculated for 2 age groups: �17 y and �
18 y as 18 y is the age of legal adulthood. If the patient was �17
y we calculated transportation expenditures of the patient and
costs associated with transportation and work absenteeism of the
caregiver. If the patient was �18 y we considered the transporta-
tion expenditures and the cost of absenteeism of the patient. Pub-
lic transportation in Santiago averages USD $1.28 per ticket and
the loss of one workday is equivalent to USD $55.6 (based on
Chile per capita income, World Bank March 2013).

Direct, indirect and total costs associated with sequelae from MD
We defined sequelae from MD as one or more of the follow-

ing: intellectual disability with intellectual coefficient (IQ) <80
(borderline 79–70, mild 69–55, moderate 54–40, severe 39–25
and profound <25); unilateral or bilateral hearing loss of
�30 dB; paralysis; spastic paresis; seizures; and amputation. The
frequency of MD sequelae was obtained from the 1993 cohort
and applied to the cases detected by surveillance in the following

Table 6. Effectiveness of 4CmenB vaccination campaign for population under 25 y of age in a hypothetical NmenBMD outbreak in Santiago, Chile

Unvaccinated expected cases/year Vaccinated expected cases/year Prevented cases/year

Cases 299,4 84,4 215
Sequelae 84,7 23,8 60,9
Deaths 21,8 6,1 15,7

Table 7. Costs of the vaccination campaign with hypothetical costs of the vaccine compared to the cost of MD epidemic outbreak

Cost of the
vaccine units
(USD $)

Vaccination
Campaign* (USD $)

Cost of not averted
cases, sequelae

and death with the
vaccine effectiveness
estimate and (USD $)

Net Cost of Vaccination Campaign:
Vaccination Campaing

plus cost of not adverted
cases (USD $)

Cost of MD Epidemic
Outbreak plus
1 y of delay#

0 6.079.449$ 6.493.162 12,572,611 69.867.519
5 21.494.878 6.493.162 27,988,040 69.867.519
10 36.938.790 6.493.162 43,431,952 69.867.519
15 52.382.702 6.493.162 58,875,864 69.867.519
20 67.826.614 6.493.162 74,319,776 69.867.519
25 83.270.526 6.493.162 89,763,688 69.867.519
30S 98.493.352 6.493.162 104,986,513 69.867.519
35 114.158.350 6.493.162 120,651,512 69.867.519

*Vaccination campaign: 3 4CmenB doses for infants (2 – 11 months) and one dose for 12 mo to 25 yrs.
&Calculated based on the observed case rates per age group registered during the first year of the epidemic outbreak (Table 5 and 6).
#Delay of 12 months from recognition of the outbreak and the start of the vaccination (costs of cases, sequelaes and death of the delay: USD$ 9,900,168).
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years, 1994 to 1999.17 Patients analyzed
during 1993 were asked for an informed
oral consent and the total frequency of
sequelae reported in 1993 was 28.3%.
Seventeen % had some degree of intellec-
tual disability, 7% any level of hearing
loss, 1.5% paresis and/or spasticity, 1.2%
seizures and 1.2% amputation. Based on
these data the frequencies of sequelae for
the full outbreak period were estimated.17

For direct costs of MD sequelae esti-
mation, treatment and follow up indica-
tions from specialists (neurologists,
psychologists, otolaryngologists, and
orthopedic physicians) were collected.17

They defined a therapy guideline for a 5-
years follow up after the acute illness.
Cost assessment was done based on assis-
tance fees established by FONASA
according to MAI 2013. The propor-
tional costs of each sequelae were esti-
mated according to its frequency of
occurrence (Table 3).

The indirect costs of MD sequelae
correspond to patient and caregiver transportation expenses,
together with absence from work costs (either caregiver or the
patient). We performed a 5-year post-acute illness projection of
these costs using an estimated number of visits to the specialists.
Cases were divided into 2 age groups: �17 y and �18 y

Indirect costs of death
The observed mortality was 7.3%. Indirect costs of death were

calculated as years of productive life lost due to mortality multi-
plied by the average annual salary in Chile (USD$ 14,394)) (Per
Capita Income World Bank 2013). We considered a life expec-
tancy in Chile of 82.2 y for women and 76 y for men (National
Institute of Statistics, Population Estimates and Projections,
Total Country, 2004) and a retirement age of 60 y in women
and 65 in men.

Total costs of the MD epidemic outbreak
Costs of the epidemic outbreak were determined by total

number of MD cases per year (1993 to 1999) multiplied by the
direct and indirect costs of acute illness, sequelae, and death.
Annual discount rate of 6% was used to calculate net present
value (year 2013).

Intervention costs
The intervention costs considered a mass vaccination cam-

paign and the hypothetical effectiveness of the vaccine.

Mass vaccination campaign
Costs of the mass vaccination campaign consist of the follow-

ing: 3 doses at 2, 4 and 6 month of age of 4CMenB vaccine for
children under 12 months and one dose for subjects aged 12
months to 25 y Costs of vaccine administration include logistics

costs such as transportation, training and snacks; advertising costs
(radio, television, posters, meetings, scientific societies) and the
cost of cold chain for vaccine preservation. The baseline cost of
the vaccination campaign varied according to the unit cost of the
vaccine.

Vaccination coverage was estimated based on previous vacci-
nation campaigns implemented in Chile. A one dose vaccination
campaign against rubella and measles achieved a coverage of
92%, 95%, and 92% in the age groups 2 months to 2 years, 2 to
16 years, and 16 y and older, respectively.

The total population susceptible for vaccination (from 2
months to 25 y of age) living in Santiago was calculated to be
2.643.388 for the year 2013 using population projections of the
National Institute of Statistics. The population between 2 and 11
months was 82.298 and between 1 and 25 years, 2.561.090.

Vaccine effectiveness
The effectiveness of the vaccine was extrapolated from

4CMenB immunogenicity data reported by Vesikari et al.11 in
infants and Santolaya et al.12 in healthy adolescents. We used the
lowest immunogenicity observed after 3 doses of vaccine in
infants (80%)11 and one dose of the vaccine in adolescents
(92%).12

Cost-effectiveness analysis
The effectiveness of the vaccination campaign was calculated

comparing the number of averted MD cases, MD sequelae, and
MD deaths per year to a scenario of no intervention. Expected
cases as result of no intervention were calculated based on the
observed cases rates per age group registered during the first year
of the epidemic outbreak (1993). Costs of the implementation of
the vaccination campaign were compared to the costs of

Figure 1. Sensitivity analysis: Cost of the vaccination campaign to be administered to a population
between 2 months to 25 years, at varying vaccines prices.
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non-intervention. The net cost of the vaccination campaign con-
sists of the cost of the intervention (vaccination) plus costs
derived from non- prevented MD cases, sequelae and death
according to the above mentioned vaccine effectiveness estimate.

Sensitivity analysis was applied to different hypothetical costs
of the vaccine. We compared the net cost of vaccination campa-
ing with the costs of MD epidemic outbreak considering an addi-
tional year of delay. The assumed costs in this analysis were 0 to
35 USD per vaccine dose, using 3 doses in infants below 1 y and
1 dose in the olders. For the sensitivity analysis we assume a rea-
sonable delay of 12 months from recognition of the outbreak
and the start of the vaccination (time to recognize an outbreak,
decide to vaccinate the population, obtain vaccine, and

vaccinate). The number of cases, sequelae and deaths of this theo-
retical year of delay was calculated based on the observed cases
rates per age group registered during the first year of the epidemic
outbreak (Table 5).
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