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ABSTRACT

Context: Dengue and other arboviruses have a considerable economic impact in Brazil. There
are vector control strategies for dengue: traditional control with pesticides, Incompatible Insect
Technique (IIT) with “wMel Wolbachia”, and Sterile Insect Technique (SIT). Objective: To
analyze the cost-effectiveness ratio of the IIT/SIT strategy, compared to traditional vector
control with pesticides, for dengue prevention from the perspective of the Brazilian Public
Health System (BPHS) as the payer and from the societal perspective in the state of Goiés,
Brazil. Methods: The two strategies were compared using a decision tree model developed in
Amua® software. All estimated parameters were derived from published articles or SUS
information systems. The willingness-to-pay threshold (WTP), quality-adjusted life years
(QALYSs), years of life gained, costs, incremental cost-effectiveness ratios (ICERs), and
incremental cost-utility ratios (ICURs) were adopted as study outcomes and parameters. We
conducted deterministic and probabilistic sensitivity analyses. Results: Form the BPHS
perspective, the IIT-SIT strategy is cost-effective, with an ICUR of R$ 72,200 per QALY
gained, which is lower than the WTP of R$ 122,064.30/QALY gained. From the societal
perspective, the IIT-SIT strategy is dominant (cheaper and more effective than traditional vector
control). Sensitivity analyses showed that these results are reliable. Conclusion: In the state of
Goias, Brazil, the IIT/SIT strategy is cost-effective from the perspective of BPHS and dominant

from the societal perspective, when compared to traditional vector control.
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RESUMO

Contexto: A dengue e demais arboviroses tém impacto econdémico consideravel no Brasil. Ha
estratégias para controle vetorial da dengue: controle vetorial tradicional com pesticidas;
Técnica do Inseto Incompativel (TII) com “wMel Wolbachia” e Técnica do Inseto Estéril (TIE).
Obijetivo: Analisar a razéo de custo-efetividade da estratégia de TII/TIE, comparada ao controle
vetorial tradicional com pesticidas, para prevencéo da dengue, na perspectiva do Sistema Unico
de Saude (SUS) como pagador e na perspectiva societal no Estado de Goiéas, Brasil. Métodos:
As duas estratégias foram comparadas usando um modelo de arvore de decisdo desenvolvido
no software Amua®. Todos os parametros estimados foram derivados de artigos publicados ou
dos sistemas de informacdo do SUS. Limite de disposicdo para pagar (LDAP), Anos de vida
ajustados pela qualidade (QALYSs), anos de vida ganho, custos e razdes de custo-efetividade
incremental (RCEI) e custo-utilidade incremental (RCUI) foram adotados como desfechos e
parametros do estudo. Analises de sensibilidade deterministicas e probabilisticas foram
conduzidas. Resultados: Na perspectiva do SUS como pagador, a estratégia de TII-TIE € custo-
efetiva, com RCUI de R$ 72,2 mil reais por QALY ganho, que é inferior ao LDAP de R$
122.064,30/QALY ganho. Na perspectiva societal, a estratégia de TII-TIE é dominante (mais
barata e mais efetiva que o controle vetorial tradicional). As analises de sensibilidade mostraram
que esses resultados sdo confiaveis. Conclusdo: No Estado de Goias, Brasil, a estratégia de
TH/TIE parece ser custo-efetiva na perspectiva do SUS e dominante na perspectiva societal,

quando comparada ao controle vetorial tradicional.

PALAVRAS-CHAVE: Aedes; Wolbachia; Dengue/prevencdo & controle; Andlise Custo-

Beneficio.

INTRODUCTION

Dengue and other arboviruses have a considerable economic impact in Brazil: in 2016, total
costs, which included vector control costs, direct medical costs, and indirect costs, were

estimated at R$2.3 billion, representing 0.04% of Brazil's per capita GDP and 2% of the budget
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allocated for health.!

In 2021, the incidence of dengue in the state of Goias was 801 cases per 100,000 people, the
highest incidence in the Central-West region and the second-highest in Brazil, only lower than
that of Acre (1,625 cases/100,000 people).?

By 2022, the situation of dengue in Goias was alarming: the accumulated incidence in the
middle of the year was 2,709 cases/100,000 people, more than tripled.® This requires that the
BPHS (Brazilian Public Health System) carry out more efficient environmental surveillance

actions for vector control in order to reduce the incidence of arboviruses.

The traditional vector control strategy uses pesticides and environmental sanitation (removal of
mosquito breeding sites) for reducing “Aedes aegypti” mosquito population. This is the main
strategy used by Brazilian Public Health System (BPHS) for dengue prevention®, but it is not

the most effective vector control strategy.

The “wMel” strain of the “Wolbachia pipientis” bacterium has been successfully introduced
into Aedes aegypti mosquitoes and subsequently demonstrated in laboratory studies (in vitro)
to reduce the transmission of a variety of viruses, including dengue, Zika, chikungunya, yellow

fever, and Mayaro virus, which cause human diseases, known as arboviruses.®

The Incompatible Insect Technique (IIT) consists of releasing “Aedes aegypti” mosquitoes
infected with Wolbachia bacteria into environments where there is a high infestation of these
mosquitoes and a higher incidence of arboviruses. These incompatible insects are less likely to
become infectious, to disseminate arboviruses, and can suppress or replace the natural
population of mosquitoes due to the fatal cytoplasmic incompatibility between the mating pairs
of the wild-type mosquito with the incompatible type. Wolbachia can, therefore, be used to
replace the existing mosquito population with a phenotype of lower competence, by releasing

females, or to suppress the existing population by releasing males.®

According to community trial’, the 1T is the most effective strategy for vector control and

dengue prevention compared to the tradicional strategy, because the 11T reduces the mosquito
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population, it decreases the incidence of dengue and it prevents hospitalization due to dengue.’

Thirteen countries have replacement programs in progress at various stages of development,
with 12 through the World Mosquito Program (WMP) and one independent program in
Malaysia. Meanwhile, China (with Ae. albopictus), Singapore, and the US have opted for
suppression-based programs due to their perceived greater compatibility with their existing

intensive and long-term efforts to suppress mosquito populations.®

The Fiocruz Foundation has implemented the Wolbachia Method in Brazil, as part of the World
Mosquito Program (WMP), with funding from the Ministry of Health and support from the Bill
& Melinda Gates Foundation. The implementation costs of this technique are generally low
because Fiocruz itself produces the mosquitoes. The method is also sustainable: from a certain
proportion of infected mosquitoes, the transmission of Wolbachia to future generations occurs
spontaneously, without the need for further releases of the insect into the environment.
Therefore, it is a long-term solution for the control of the dengue vector.®*®

Another method used for the control of Aedes aegypti is the Sterile Insect Technique (SIT),
which consists of sterilizing the male mosquito by exposing it to ionizing radiation or
chemicals. Wild females, when mating with sterile males, produce infertile eggs, reducing the
insect's proliferation. The method is used in agricultural pests and is usually combined with 1T
for arbovirus vector control. However, sterilized insects must be from the same locality where
they will be released, as the release of an exogenous strain could promote resistance to the

technique. This also applies to 1T, 1012

Thus, the present study was done with the objective of analyzing the cost-effectiveness ratio of
the associated IIT/SIT strategy as a vector control and dengue prevention method from the
BPHS perspective as payer in the State of Goias, Brazil, and also from the societal perspective

as payer.

METHODS

This is a comprehensive health economic evaluation study with cost-utility and cost-
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effectiveness analyses, using a hypothetical-deductive (quantitative) scientific approach. The
main hypothesis was that the IIT/SIT strategy, compared to traditional vector control using
insecticides and environmental management, is more cost-effective for the health system and

society in the state of Goias.

As this study was a mathematical analysis that did not involve any individual patient data,
ethical analysis and approval by a research ethics committee of the proposing institution (State
Health Department of Goias) was not required, and there was no need for informed consent in
this context. The study was conducted in accordance with the Helsinki Declaration (revised in
2013), Resolution 466/2012 of the National Health Council, and other Brazilian and

international ethical standards.

A decision tree model was developed using the Amua® software version 0.3.0, available from
https://github.com/zward/Amua/wiki/Getting-Started, simulating a hypothetical cohort with the

entire population of Goias. The developed model is showed at Figure 1 and it is available for
free access at https://drive.google.com/drive/folders/1gFnwCt6 G X-
gNIQI8uwNYSEalJliSbow e?usp=sharing.

In the model, we simulated the dissemination of wMel Wolbachia mosquitoes in the State of
Goias. The simulation followed the program outlined in a cost-effectiveness study® in the
context of Indonesia, with four implementation phases in a particular city (or region), with a

total duration of 13 years:

1. Phase 1: Setup, duration of 2 years. Includes the establishment of mosquito colonies in
biofactories, laboratories, offices and local regulatory approval, hiring of staff, entomological
baseline research (including monitoring of insecticide resistance), program planning and

administration, and community engagement campaigns.®

2. Phase 1: Setup, duration of 2 years. Includes the establishment of mosquito colonies in
biofactories, laboratories, offices and local regulatory approval, hiring of staff, entomological
baseline research (including monitoring of insecticide resistance), program planning and

administration, and community engagement campaigns.®
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3. Phase 2: Release, duration of 1 year. Involves the release of Wolbachia mosquitoes over
the target areas using the resources established in phase 1.
4. Phase 3: Short-term monitoring, duration of 3 years. Continuous surveillance of the
human population and mosquitoes conducted in the release area.®
5. Phase 4: Long-term monitoring, duration of 7 years. Reduced entomological
monitoring, since the intervention is reliable.
Figure 1. Model (decision tree).
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Source: the authors of this paper.

The demographic density of urban areas in Goias is 2,549.19 people/km?, considering that the
non-vegetated area (corresponding to the urban area, probably) in Goiés is 2,863.9 km? and the
population is 7,300,083 people in 2022. This demographic density in Goids is similar to the
demographic density of a candidate city (Bali) to undergo the intervention in the Indonesian

cost-effectiveness study®.

It should be noted that the IIT/SIT strategy adopted in Indonesia, in the clinical trial and cost-
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effectiveness studies, is adaptable to urban regions of Goias. However, the logistical, technical,
and environmental feasibility of the strategy should be separately researched in a study to be

commissioned by the Goiés state government.

The parameters used in the model are specified in Table 1. Utility and disutility information
related to dengue was obtained from an international literature study*3. The costs of dengue
prevention and dengue treatment were estimated from studies*** that portray costs for the local
reality (Goias, Goiania), with inflation updated using the IPCA inflation rate for the period
using the citizen calculator®®. The costs of IIT/SIT were estimated from a study in Indonesia.
The probabilities of dengue occurrence, hospitalization, and dengue-related deaths in the state
of Goias were estimated from data reported to the Notifiable Diseases Information System
(SINAN) and presented in FLINK?®, a public information system of the State of Goias that
consolidates various epidemiological data from the state. The discount rate adopted is 5%,

recommended in the economic evaluation guidelines for the BPHS context’8,
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Table 1. Model input parameters related to intervention effectiveness and costs.
Parameter Average Value Minimum Value Maximum Value Distribution Source
Probability of contracting dengue
(average incidence) in the traditional 0.253898589 0.147437381529852 0.470826153620445 Beta FLINKZ
vector control
Probability of hospitalization for dengue 0.034364782 0.0261280683838269 0.0393803537513405 Beta FLINK{
Probability of death from dengue 0.018762528397702 0.0166524338172502 0.0226415094339623 Beta FLINK}
Dengue risk ratio in the [IT/SIT - 7
intervention 0.246788 0.190488 0.31958§ Beta Utarini et al.
Cost of traditional vector control per - - - 4
person covered R$ 0.254299 R$0.14 R$ 0.48 Gamma  Santos et al.
ggj;rz'; IIT/SIT intervention per person  pq 34 550966+ R$ 16.89* R$ 72.83* Gamma  Brady etal.’
Average cost of hospitalization R$ 451.770666* R$ 119.17* R$ 3,830.20* Gamma Martelli et al.*
Outpatient care cost R$ 0.90493* R$ 0.49* R$ 1.71* Gamma Martelli et al.*
Cost by deathy R$ 118,598.70958* R$ 202,343.8% R$ 202,343.831 Gamma Martelli et al.**
Cost  of ~absenteeism due 10 pgaig goog3y» R$ 597.01% R$ 780.32 Gamma  Martelli et al.*
hospitalization
Ccaorzt Ofi absentecism due’ tofoutpaient == oo g oep 756 R$ 255.86} RS 334.42% Gamma  Martelli et al
. Health

Discount rate 1.885649142323236 1 3.4522712143931**

Ministery!"18

Continues on the next page...
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Table 1. Continuation.

Parameter Average Value Minimum Value Maximum Value Distribution Source

Life years gained — LYG 6.8941788 3.765637% 13% Gamma Suwantika et al.*®

Disutility due to hospitalization 10.00013 10.0000989535634050899 10.00018 Gamma  Suwantika et al.?

for dengue (lost QALY)

Disutility due o outpatient 4 55005 g 10.0000219896807566866 10.00004 Gamma  Suwantika et al

dengue (lost QALY)

Utility for the person who dies * . 5

from dengue (QALY) 3.447089 Gamma Suwantika et al.

Utility for the healthy person . 13
6.8941788 3.765637 13 Gamma Suwantika et al.

(QALY) ¢ ¢

Source: the authors of this paper.

Table legend:

*Value discounted.

1 Cost of GDP per capita in Goias multiplied by the number of years lost due to early death from dengue in a 13-year period.

1 Undiscounted value for ASD (Deterministic Sensitivity Analysis).

8§ Value discounted for a period of 13 years.

Discount rate of 5% per year for a total of 13 years.

** Discount rate of 10% per year for a total of 1 years.

11 Mean value of QALY's over 13 years, considering the accumulated QALY's of each person who dies in each year, a value of 0.5 QALY's was assigned in the year of
death, and an average was made.

11 Data obtained from FLINK16, values calculated from incidence data estimated from SINAM, values for Goias in the last 8 years (2015-2022)
88 Risk ratio values calculated using the online calculator available at https://www.medcalc.org/calc/relative_risk.php.
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Years of Life Adjusted for Quality (QALY), Years of Life Gained (YLG), costs, Incremental Cost-
Effectiveness Ratio (ICER), and Incremental Cost-Utility Ratio (ICUR) were adopted as study
outcomes*”*8. The ICUR and ICER were calculated based on the cost ratio and differences in utility
or effectiveness between the IIT/SIT strategy and the traditional vector control strategy. The
willingness-to-pay threshold (WTP) adopted is the value for Brazil, which is R$ 122,064.30/QALY
gained, for endemic diseases in low-income populations with few available therapeutic alternatives,
representing a value three times Brazil's per capita GDP in 2022. The WTP was used to determine

the cost-effectiveness relationship between interventions.

The analysis perspective was for the context of the Health System as the payer (the BPHS) in
the base-case. As an additional analysis, values were also calculated for an alternative scenario
from the societal perspective (the society of Goias as the payer), where the costs of absenteeism

and premature death (loss of socioeconomic productivity) were included.

A deterministic sensitivity analysis (DSA) and probabilistic sensitivity analysis (PSA) were
performed to assess the effect of parameter uncertainty on cost-effectiveness results, both for
the base-case and the alternative scenario. One parameter at a time was varied within prescribed
limits to perform one-way deterministic sensitivity analyses, and variations in ICUR were
recorded. The cost and efficiency parameters varied within a minimum and maximum value
range based on data obtained from the literature, as previously explained. To conduct the PSA,
all parameters from probability distributions were simultaneously sampled. In the PSA, the cost
parameter used the Gamma distribution, and other parameters, such as effectiveness, used the
Beta distribution. The mean value in the distribution was the value of the base-case, and the
standard deviation parameter, minimum value, and maximum value were derived from the

literature. 10,000 Monte Carlo samples were executed for each group.

RESULTS

When analyzing the base-case (BPHS perspective in the Table 2), where the costs of
absenteeism and premature death (loss of socioeconomic productivity) are not included but only
direct healthcare costs, we found that the IIT-SIT strategy is more expensive and more effective

Barbosa AM, Veronezi RJB. Dengue control in the State of Goias-Brazil using “wMel Wolbachia”: a cost-effectiveness study.
Rev. Cient. Esc. Estadual Saude Publica Goias “Candido Santiago”. 2023;9(915):1-20.



ISSN 2447-3405

JRESAP

Revista Cientifica da Escola Estadual de Satde Publica de Goi

11

than traditional vector control, but his ICUR is below the WTP from the BPHS. Therefore, the

IIT-SIT strategy is cost-effective, when compared to traditional vector control.

Table 2. Results of the cost-effectiveness analysis.

BASE-CASE: BPHS perspective

Outcomes —
Traditional vector control HT-SIT

Costs R$ 4.42 R$ 35.58
cost increment — R$ 58.76
QALY gained 6.89360505 6.89403632
Incremental QALY gained — 0.00043127
ICUR — R$ 72,251.90/QALY gained
LYG 6.89361325 6.89403834
Incremental LYG — 0.00042509
ICER — R$ 73,301.78/AVG
Total costs R$ 34,703,217.24 R$ 279,353,047.38
Cost increment — R$ 244,649,830.14
Dengue cases (estimated) 1'99_3'461 49_1’787

[1,157,591; 3,696,648] [220,405; 1,181,079]

1,501,674

Dengue cases avoided

ICER
Hospitalizations for dengue
Dengue hospitalizations avoided

ICER

Dengue deaths

Dengue deaths prevented
ICER

68,505 [33,767; 102,142]

1,285 [765; 1,888]

[937,186; 2,515,569]
R$ 162.92/case avoided
16,900 [6,429; 32,634]
51,605 [27,338; 69,508]

R$ 4,740,84/hospitalization

avoided
317 [146; 603]
968 [619; 1,284]

R$ 252,676.14/death avoided

ALTERNATIVE SCENARIO: Societal perspective

Outcomes

Traditional vector control HT-SIT
Costs R$ 63.65 R$ 50.19
Cost savings — R$ -13.46
QALY gained 6.89360505 6.89403632
Incremental QALY gained — 0.00043127
ICUR Strongly dominated _ Dominant _

(more expensive and less effective) (cheaper and more effective than)

LYG 6.89361325 6.89403834
Incremental LYG — 0.00042509
ICER Strongly dominated Dominant
Populational costs R$ 499,742,031.07 R$ 394,062,098.03

Populational cost savings

R$ -105,679,933.04

Source: the authors of this paper.
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The deterministic sensitivity analysis (Figure 2) showed that the results of the base-case were
reliable and the IIT/SIT strategy remained cost-effective under varied conditions. In other words,
the analysis confirmed the cost-effectiveness profile of the IIT/SIT strategy compared to traditional
vector control. In all evaluated scenarios, ICUR varied from BRL 21,000 to BRL 685,000,
approximately. The model was most sensitive to the utility assigned to the healthy state, primarily.
However, the cost of the IIT/SIT strategy, the population risk of dengue, and the costs of
hospitalization for dengue were also important factors in the sensitivity analysis. The other

parameters had less influence on the model.

Figure 2. Tornado plot (deterministic sensitivity analysis).
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Source: the authors of this paper.

In the probabilistic sensitivity analysis, the IIT/SIT strategy was cost-effective (with RCUI
below the LDAP) in 60% of the scenarios, taking into account the LDAP of BRL 122,064.30,
as seen in the scatter plots and the curve from LDAP (top and bottom of Figure 3). Both
sensitivity analyzes demonstrate the robustness of the model.
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Figure 3. Graphs of probabilistic sensitivity analysis.
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In the analysis of an alternative scenario (societal perspective in the Table 2), in which the costs of
absenteeism and early death (loss of socio-economic productivity) are incorporated, the I T-SIT
strategy is cheaper and more effective than traditional vector control. Therefore, it is dominant (with
lower cost than traditional vector control). This conclusion is confirmed by the probabilistic
sensitivity analysis, as the IIT/SIT strategy remained cost-effective in 89% of the scenarios and
dominant in 75% of the scenarios, as seen in Figure 4. Thus, from society's perspective, it would
be mandatory that the 11 T-SIT strategy was implemented, as it is more economical, reduces social

costs, increases quality of life and reduces morbidity and mortality from dengue.

DISCUSSION

The results demonstrate that the implementation of a program with the IIT/SIT strategy, for the
dissemination of mosquitoes with wMel Wolbachia, seems to be cost-effective, from the
perspective of the health system (BPHS), and dominant, from the societal perspective: that is ,
the data suggest that the program should be implemented in the State of Goias, as it will generate
savings for the society of Goias, for the Government of the State of Goias and for the BPHS,
because it will reduce the costs with vector control of the Aedes aegypti mosquito and it will
reduce the direct and indirect costs of illness and death from dengue, not to mention other

arboviruses.

The cost-effectiveness® study derived from the community trial indicates that, in the Indonesian

context, the IIT/EIT strategy is also cost-effective, confirming the data of the present study.

Several initiatives for the use of IIT are being implemented in Brazil. The city of Belo Horizonte
built, with its own resources, a biofactory for the production of Aedes aegypti with Wolbachia.
A 250-square-meter structure houses a team responsible for producing 275,000 mosquitoes per

week.

The State of Minas Gerais signed a commitment term in 2021 for the construction of a mosquito
biofactory and implementation of the Wolbachia method for the control of arboviruses, at an

estimated cost of R$ 10.7 million.?°
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Figure 4. Scatter plot of the cost-utility ratio in the alternative scenario.
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The Central Laboratory of Mato Grosso do Sul (LACEN-MS), with the support of WMP Brazil
and Fiocruz, received Wolbachia mosquito eggs for the implementation of the program in that
state. An existing space at LACEN-MS was provided for the project's development,
demonstrating that the initial investment does not require new building installations.?! In Ceara,
Fiocruz plans to build a biofactory, costing R$ 12 million, which will be a private company
with equity participation from Fiocruz and the World Mosquito Program. This unit will be the

largest mosquito and Aedes aegypti egg production biofactory in the world.?2

According to community trial” data, the introduction of wMel in Aedes aegypti mosquitoes in
Yogyakarta (Indonesia) reduced the incidence of virologically confirmed symptomatic dengue
cases by 77% among residents aged 3 to 45 years. Protective efficacy was observed against all
four dengue virus serotypes, especially 2 and 4 (the most prevalent). Protective efficacy in
preventing hospitalization due to virologically confirmed dengue was 86%.’

Stable wMel transinfection confers a viral resistance state in Aedes aegypti mosquitoes that
attenuates superinfection by several medically important flaviviruses and alphaviruses. Several
mechanisms have been proposed to explain this phenomenon. However, the dengue virus could
evolve resistance to wMel. Nevertheless, the need for alternating infection of human hosts and
mosquitoes, together with a complex mode of action, may be a restriction on the adaptive

emergence of resistant virus populations. >*2

The IIT approach is a new class of products for vector control of dengue and other arboviruses.
The strategy is quite attractive, as it is maintained in the mosquito population and does not
require reaplication. Future studies need to investigate the multivalency of the intervention, as
laboratory studies suggest that wMel may also attenuate the transmission of Zika, chikungunya,

yellow fever, and Mayaro viruses by Aedes aegypti. 5"

This cost-effectiveness study has some limitations. Dengue cost data were obtained from the
literature, from a cost survey study on dengue prevention in the city of Goiania, whose data
were updated for use in the present investigation. Also, the costs of biofactory implementation
and dissemination of the wMel mosquito were estimated from the values reported in the

Indonesia study?®, which in turn estimated costs from other studies in the literature conducted in
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several countries in the North (developed) and South (developing), including Colombia. The
actual costs of biofactory implementation and dissemination of wMel mosquitoes in the state
of Goias are not known. However, the costs are probably not higher than those of Indonesia or

Colombia.®

Another limitation is that this cost-effectiveness study used a limited time horizon of only 13
years. However, if the horizon is extended to 100 years, the IIT/SIT strategy becomes
predominantly dominant - cheaper and with more benefits than classical vector control - from
the perspective of the health system (BPHS).

The HIT/SIT stragegy appears to be a safe strategy in terms of impact on biomes. Still, its long-
term environmental effects are unknown. The costs of environmental impact, including
strategies to mitigate possible environmental disasters, were not considered in this cost-
effectiveness study, which is also a methodological limitation.

CONCLUSION

When compared to traditional vector control strategy (use of insecticides and environmental
management), the IIT/SIT strategy is cost-effective from the perspective of the BPHS in the
state of Goias and dominant from the perspective of society. Therefore, it is recommended that
the state of Goias implements the TII/TIE strategy for controlling dengue and other arboviruses

through the control of the Aedes aegypti mosquito.
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