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ABSTRACT

Introduction: To evaluate the potential economic value and likely impaattofpothetical
rapid test in its early stages of development requiesisk of models. The model structure
and the type of model (dynamic/static) to employ are kegiderations. The aim of the
review was to explore the literature on typhoid econawaluations, and to explore the
types of models that have been previously adopted in thilsgs&ir test-treat evaluations and

to capture data on model inputs that may be useful for avdemodel.

Areas Covered: A systematic review was conducted to identify economic etiahsga
focused on typhoidin established literature databadeght studies were identified and
included for narrative synthesis. The review has revehbadhere have been relatively few
economic evaluations that have focussed on typhoid falv@f, which have focused on the
impact of interventions at the population level (vaciomg but not the individual level (test-

treat strategies).

Expert commentary: Under certain circumstancesither a static model or a transmission
dynamic model may be appropriate in the evaluation d@fitenvention for typhoid fever.

Typhoid test-treat modelling represents a grey area whetreifiwork is needed.

K ey words. cost-benefit analysis; cost-utility analysis; ceffectiveness analysis; economic

evaluation; enteric fever; review; typhoid fever

1.0 INTRODUCTION



Typhoid fever is a faecadral transmissible disease caused by Salmonella typhi and
Salmonella paratyphi (incubation period of 3-60 days) [1]. Humans se& the only natural
host and reservoir for typhoid fever pathogens, am$ingsion is via ingestion of food or
water contaminated with faeces from infected individualsTgphoid fever remains an issue
of concern in low- and middle-income countries (LMI@cause of unsatisfactory hygiene
practices [3], and a lack of adequate diagnostic laboratqaoity to meet the daily
challenge of differentiation of typhoid fever from etHebrile conditions [2]. Consequently,
efforts are being made to develop rapid diagnostic tesfddttyphoid fever in LMIC settings
[4]. And Ghana is an example of a country where condefferts are being made to develop
a rapid test that is expected to be both clinically effecind cost-effective. The potential
benefit of developing a rapid diagnostic test is thailltlead to early diagnosis and
treatment (with appropriate effective therapy) to ensueeoptimal management of patients
on the typhoid test-treat pathway [5]. Furthermore,&talg the economic value of the test-
treat strategy may help to define the optimum targedymioprofile (TPP) for a typhoid rapid
diagnostic test. Where a TPP is define@d agategic document which summarises the
following: the technology under development, desired charatits and features of the
technology, studies and all activities necessary taodstrate the performance, efficacy and
safety of the technology and the features of the tdogdhat give it a competitive

advantage [6].

To evaluate the potential economic value and likely impaathofpothetical rapid test in its
early stages of development requires the use of model§H&]model structure and the type
of model (dynamic/static) to use are key consideraticaisatte informed by the natural
history of the disease, care pathway(s) and the typeasf/ention being evaluated [8]. Two
main types of typhoid fever interventions exist: inggtions targeted at typhoid treatment

(such as test-treat strategies) and interventions targetgphoid prevention (such as



vaccination)[1]. The underpinning tenet of typhoid fever infection preien is better
sanitation. However, in LMIC settings this remains profalec. Thus, the WHO
recommends that vaccination can be considered footygéver prevention in such settings
where the disease is endemic. Vaccination actsitlating a host’s immune response and
operates both directly by reducing the number of susceptitilddaals in the population
and indirectly via ‘herd immunity’. Dynamic models are well suited for capturing both effects
and are appropriate when evaluating typhoid vaccine efesetss [9]. However, in some
situations, using a static model on the basis of only tdm@tection from vaccines may be a
reasonable approximation, for example if vaccine-preveatadl cases make a relatively
little contribution to the rate at which susceptible indibals acquire the disease [10]. The
outcome of typhoid fever is usually good when thereiily @acurate diagnosis and treatment
with an effective antimicrobial therapy (fatality rate<1%) [1]. However, relapse may
occur even with appropriate antimicrobial therapy [Alhotable feature of typhoid feves
chronic carriers (1-5% of patients become chronic aajrigho continue to shed the
organism in their stool or urine, thereby sustaining the oecce of the disease in endemic
settings [1]. Furthermore, faecal shedding from shon-tmonvalescent patients may also
contribute to disease transmission in an endemic selamty accurate diagnosis and
treatment of a case of typhoid fever (new case, 4bart convalescent or chronic carrier)
focused on curtailing shedding can potentially result in thegmtion of some degree of
onward transmission. However, the potential benefitseattnent following accurate
diagnosis in preventing onward transmission of typhoidrfén an endemic arehavebeen
little studied compared to vaccination. And there is no ecielém inform the extent to which
treatment contributes to the prevention of onward transgmiss otherwise The emphasis
of typhoid testing and treatment in an endemic settitigeisurvival and quality of life of the

person being tested rather than benefits to the popula¢icause of prevention of onward



transmission. The evaluation of the direct benefitesting and tréanent to an individual

can be served by a static model.

The use of models in cost-effectiveness stuieolves adapting an existing model or
developing a new model. Identifying what has already beeniddhe particular field of
interest is fundamental to the approach taken. Thus thas the need for a review of
previous typhoid economic evaluations to understand howrpact of typhoid
interventions at the individual level has been exgdansing modellingn order to examine

the value of a hypothetical rapid test for typhoid feme&hana.
Aim
The aim of the review was to explore the literatureypihaid economic evaluationand to

explore the types of models thatvhdeen previously adopted in this setting for test-treat

evaluations and to capture data on model inputs that maselbel for a de novo model.

20METHODS

The following databases were searched for studies publishedrfception to September

2017. Nolanguage restrictions were applied.

I.  Medline
II.  Excerpta Medica dataBASE (EMBASE)
[ll.  Centre for Reviews and Dissemination [Database of Abstcdd®eviews of Effects
(DARE), Health Technology Assessment (HTA), and NHS Baua Evaluation
Database (NHS EED)]

V. PubMed



The reference list of the studies included in the revievewso scanned for additional
relevant articles. The list of articles used was mashdlg®ugh the reference management

software, Endnote.

2.1 Search terms

The search strategy was customized for each databaseamnctiing was undertaken using
the following terms, including truncation of terms where appate: economic evaluation,
cost-benefit analysis (CBA), cost-effectiveness amalyfSEA), cost-utility analysis (CUA),
typhoid fever and enteric fever. Table 1 shows the ceta@earch strategy for each

database.

2.2 Inclusion criteria

Studies were included if they were

e Economic evaluations focussed on typhoid fever; or

e Systematic reviews of typhoid economic evaluations.

2.3 Excluson criteria

Studies were excluded if they were

e Not in English; or
e Not conducted in an endemic setting; or
e Trial protocols or commentaries; or

e Letters or editorials.

2.4 Selection of articlesfor thereview



After the removal of duplicates, a two-stage screeninijles and abstracts followed by an
examination of the full text articles was undertaken agé#uesinclusion criteria. All studies
identified after the second stage of article selectiorewabsequently considered for data
extraction.The article selection process was undertaken by two re\sg8érand PB), and

disagreements were resolved by consensus.

2.5 Data extraction

Data extraction was conducted for each included study to atissv@®llowing questions:

e What were the interventions evaluated (test-treategfied; vaccination)?

e What was the economic evaluation approach adopted (CUA Arac€BEA) and what
was the outcome measure?

e What type of model was used (static model; transmissioardic model)?

e What was the impact of the intervention on the trassion of infection between

individuals?
2.6 Quality assessment

The methodological quality of the included studies was asdassing a modelling quality
checklist modified from Philips et al. [12]. Each itemtbe checklist was rated under the
following categories “yes”, “no”, “unclear” and “not applicable” by the extent of reporting.
However, because the focus of this review was to explormtidels used and not to

comment on the validity of results and conclusions drfaam these studies, no study was

rejected on quality grounds.

30RESULTS



After de-duplication, 43 unique articles were identified for title abdtract screening. 15
titles and abstracts were potentially eligible for incuasiAfter full text screening, 8 studies
were included in the reviewig 1 is the PRISMA flow diagram summarising the resuits o

the screening process with reasons for exclusion noted.

3.1 Characteristics of included studies

A systematic review [10] and seven primary stufli&s19] were found. All primary studies
identified had been included in the systematic review antemoprimary publications were

identified post the systematic review. The primary studiestified were published between
1992 and 2009 and the systematic review was published in 2015. Table atékiste

characteristics of included primary studies.

3.2 Quality assessment of included studies

On examining the methodological quality of included studies lyyga&ach item on the
checklist under the categories “yes”, “no” and “unclear” depending on the extent of reporting,

it was found that 38% of the checklist items were categorised as “yes”, 27% as “no” and 35%

as “unclear. No item on the checklist was categorised under “not applicable”. All of the

studies stated clearly the decision problem and spedifeedhjectives of the model which
were consistent with the stated decision problem. Howevaltl the studies, it was unclear if
the structure of the model was consistent with a colhéineory of the health condition under
evaluation. All the studies but ofiE7], gave a clear definition of options under evaluation
but none of them did evaluate all feasible and praatipabns. No justification was given in
any of the studies for the exclusion of feasibleayi And it was noted that the chosen

model type (static model) was inappropriate given therwention (vaccination) that was

evaluated in all the studies. Table 3 presents the defdite quality assessment.



3.3 Summary of study findings

All primary studies focussed on typhoid vaccine cost-effeaggs. None of the studies
considered test-treat cost-effectiveness and evaludtanhsiere based on field studies were
found to share common authorship through collaborationtiwélDisease of Most
Impoverished (DOMI) program. It was noted that static mogel® used in all studies with
no economic evaluation based on transmission dynamiclimgd®©nly one study was

found to include indirect protection quantitatively, allesing hypothetical values for herd
immunity rather than estimates from dynamic modellir@j. In that study, it was shown that
vaccine cost-effectiveness was impacted by the level oettdprotection. While the other
studies acknowledged the importance of herd immunity, it wesdrto be excluded from
their analysis. The absence of evidence was cited asdben for exclusion. The analysis by
Poulus et al. [18] conducted from the public sector perspestiaayed that a vaccination
programme targeted at children under 5 years would be cosggs&€onducting the same
analysis from the societal perspective showed that thasenet benefits in other age groups
if vaccine cost was moderate and vaccination was carrieid autigh incidence setting. Two
studies showed that, while vaccination with Vi-polysacd®am both adults and children
was unlikely to be cost-effective in a general populationrgeftom the public sector
perspective, such an intervention was likely to be costtéfeein a high incidence setting
[14,15]. In these studies the main drivers of cost-effeags established through sensitivity
analysis were vaccine cost, vaccine duration of proteatase fatality rate and vaccine
effectiveness. No indirect protection was assumed;fireréhe effect of herd immunity on
cost-effectiveness could not be appraised. It was noatddlacination is effective in
reducing the incidence of typhoid. Howevanprt or medium-term vaccination programs are
unlikely to be effective in the elimination of the diseasthout measures aimed at reducing

the ongoing force of infection (such as asymptomaticezaijr



4.0 DISCUSSION

This review has examined previous typhe@nomic evaluations, with particular focus on
how test-treat modelling for typhoid had been approachedreMwv has shown that there
have been relatively few economic evaluations that hastesgad on typhoid fever, all of

which have focused on typhoid vaccine cost-effectiveness.

Vaccination operates by conferring both direct and intigéfects in its role of preventing
onward transmission. Thus, to capture both effects fullysition dynamic models (which
are better suited to capturing these effects) were reqtimgever, as noted, none of the
economic evaluations conducted was based on transmisgiamic modelling and indirect
protection was omitted in the analysis. Thus, it was ossiple to appraise the indirect effect
of vaccination in their analysis. The implicationhsttthis may lead to underestimating or
overestimating the true benefits of vaccination angl mault in inappropriate decision
making. Therefore, in order for economic evaluationgypiioid vaccines to be useful to
policy making, transmission dynamic modelling should be intedrimito cost-effectiveness

analysis when estimating their true value.

None of the studies focussed on typhoid test-treat steatefus the review shows that, the
impact of typhoid interventions at the individual letiak not been explored using modelling.
However, in the evaluation of interventions that pritgeséek to improve direct health
outcomes (such as test-treat strategies) without reedgsmpacting disease transmission,
static models could be a plausible option to considee g focus is to capture principally
the direct outcomes of the intervention [20]. Althoughight be argued that typhoid fever is
an infectious disease and transmission dynamic modellindpavidetter suited for its
evaluation, the role of treatment in preventing onweadgmission in typhoid fever has been

little explored. And there is no evidence informing tkeeet to which it contributes to the



prevention of onward transmission otherwise compared to vaccination where its role in
reducing the incidence of typhoid (directly and indiréckiggs been demonstrated in this
review.. Therefore a static model may suffice to evaltize cost-effectiveness of an
intervention for typhoid fever where the emphasisnisnaproving individual health

outcomes (such as test-treat strategies) rather thaafits to the population as a result of
treatment preventing onward transmissimaeed, there are examples of studies in other
infectious disease areas where static models haveusedrto evaluate the cost-effectiveness
of rapid diagnostic testing and treatment strategieaus® the focus was to improve direct
health outcomes without necessarily impacting diseassriissiorj21, 22]. The goal of
several recent studies in the field of typhoid econ@waluation has been to identify
strategies and associated epidemiological conditions wvideh interventions will be cost-
effective. A parameter that has frequently been foune @ tmajor driver of cost-
effectiveness has been “incidence”, and most studies have focussed on the estimation of
incidence thresholds to guide policy decision making. Howeesariates such as the case
fatality rate, antimicrobial resistance, and accespitdity healthcare have been shown to be
critical but uncertain parameters that have been shodrimM® the incidence threshold [23].
While static models have their shortcomings, theyoceatainly be used to assess the

importance of these parameters on driving the conclusionsrhodels such as these.

There is significant uncertainty in many aspects ofitésesmission and epidemiology of
typhoid fever that makes any typhoid related economatuation somewhat complex. In
order to improve the value of typhoid economic evaluatithesge is the need for a concerted
effort to develop a single robust model that can assistarchers globally. This could then
serve as a standard robust quantitative and analyticahttodan be used for modelling the
disease, thereby ensuring standardisation in modelling aghaa-urthermore, the

availability of such a model will assist the scientific coumity to accelerate the exploration



of the disease to better understand the dynamics ofdéase in a population over time. This
will help to determine and formulate health policies andtifieoptimum intervention
strategies that can lead to the eradication of thesséaother advantage of having such a
model is that, it will increase confidence in modellingufssthat are used to inform policy
decision making. Despite these advantages, the dynafriigghoid fever may vary between
settings and a single model may not fit all. However, wewekhat the benefits of having

such a model would be substantial and any work in this fieddstep in the right direction.

Clearly, under certain circumstances, a static modaltcansmission dynamic model may be
appropriate in the evaluation of an interventiontyghoid fever. Typhoid test-treat

modelling represents a grey area where further work is needed.

5.0 Expert commentary

In an increasingly resource constrained environment, infbideeision making about health
care resource allocation is key. Decision analytic modgls increasingly being used as a
framework for economic evaluation to support such decisiaking. However, if it is to be

fit for purpose for decision making then the structdréne model and the type of model is
vitally important. Depending on the role of a typhoid inegion in preventing onward
transmission or otherwise of the disease, a stat@eirar a transmission dynamic model may
be appropriate in its evaluation. For interventions tadyat preventing typhoid onward
transmission at the population level (such as vatiomg transmission dynamic models are
appropriate and must be integrated into economic evathsatiomaximize the value of such
analysis, but, this is currently not the case. Fonetgions targeted at typhoid treatment
(such as test-treat strategies) where the focus is to evathgatirect impact of the
intervention on the quality of life of the individuataic models may be appropriate for their

evaluation and this represents a grey area where fuvtr&ris needed. Typhoid modelling is



an areghat has been relatively understudied and typhoid vacosteetfectiveness

evaluations predominate currently in this field.

6.0 Five-year view

The growing demand to develop rapid diagnostic tests for tgdaeer in LMIC settings is

likely to be associated with an increased need to demansteavalue of tests (clinical

effectiveness and cost-effectiveness) before themduiction into clinical practice. It is

expected that this will lead to an increased interest torstaael how the impact of typhoid

interventions at the individual level should be evaluaigidg modelling. Consequently, this

will lead to an increase in the effort to develop rigoroudgjiries or methodologies in this

field to assist researchers.

7.0Key issues

Under certain circumstances, a static model or arti&gson dynamic model may be
appropriate in the evaluation of an interventiontyghoid fever.

For interventions targeted at preventing typhoid onwanasmission at the
population level (such as vaccination), transmission dynamitels are appropriate
and must be integrated into economic evaluations to magithe value of such
analysis.

For interventions targeted at typhoid treatment (ssdiest-treat strategies) where
the focus is to evaluate the direct impact of the watietion on the survival and the
quality of life of the tested individual, static modelaytbe appropriate for their
evaluation.

The review has shown that there have been relativetypé®nomic evaluations that
have focussed on typhoid fever, all of which have focasetyphoid vaccine cost-

effectiveness.



e None of the economic evaluations conducted was basednsmission dynamic

modelling and indirect protection was omitted in the analysis.
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