A reassessment of the cost-effectiveness of
water and sanitation interventions in
programmes for controlling childhood diarrhoea
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Cost-effectiveness analysis indicates that sorme water supply and sanitation {WSS) interventions are highly
cost-effective for the control of diarrhoea among under-5-year-olds, on a par with oral rehydration therapy.
These are relatively inexpensive “software-related” Interventions such as hygiene education, social market-
ing of good hygiene practices, reguitation of drinking-water, and monitoring of water quahty. Such nterven-
tions are needed to ensure that the potentially positive health impacts of WSS infrastructure are fully realized
in practice. The perception that WSS programmes are not a cost-effective use of health sector resources has
ansen from three factors. an assumpton that all WSS inferventions invalve construction of physical infra-
structure, a misperception of the health sector’s rofe in WSS programmes, and a misunderstanding of the
scope of cost-effectiveness analysis. WSS infrastructure (“hardware”) js generally built and operated by
pubiic works agencies and financed by construction grants, operational subsidies, user fees and property
taxes. Health sector agencies should provide “software” such as project design, hygiene education, and
water quality requiation. Cost-effectiveness analysis should measure the incremental health impacts atirib-
utable to health sector investments, using the actual call on health sector resources as the measure of ¢cost.
The cost-effectiveness of a set of hardware and software combinations is estimated, using US$ per case

averted, US$ per death averted, and US$ per disability-adjusted life year (DALY) saved.

Introduction

Cost-effecliveness analysis (CEA) is commonly used
as a major criterion for the allocation of resources
wilthin health programmes and related 1esearch
aclivities. Child health programmes sponscred by
the 1U.S. Agency for International Develepment
{USAID) and other organizations generally rely on
oral rehydration therapy (ORT) for the control ol
infant and childhood diarrhoeal disease and do not
include water supply and sanilation {WSS) interven-
tions. A principal reason for this is that WSS inter-
ventions are not perceived to be cost-effective, nor
arc they conswdered the responsibihity of health
service providers and denor- or NGO-financed child
survival programmes. The origins of this view can be
traced 1o an influential article by Walsh & Warren.
(1). Using the logic of cost-cfiectiveness and the goal
of decreasimg infant and child mortality. Walsh &
Warren argued agams! a broad public health strat-
egy in favour of a strategy of selective primary health
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care: with a limited budget. select only the most cost-
effective interventions to achieve maximum health
impact. Tn the analysis presented by Walsh & War-
ren, the gross disparity belween the cosi-
effectiveness of WSS, estimated at USS 3600 per
death averted {approximately USH L0000 in 1996
prices), and selective pnmary health care. estimaled
at US$ 200-250 per death averted {US§ 600-750 in
1996 prices). scemed a strong justification for ignor-
mg WSS inlerventions.

Tins acticle argues that the conclusions about
WSS interventions made by Walsh & Warren are
incorrect because they assumed that the tull cost ol
{he WSS infrastructure should be paid by the health
programme. While the infrastructure component ot
WSS has an tmpact on child health, providing infra-
siructure is not the responsibilily of the health sector
or cluld health programmes If the WSS uuterven-
wons that are the responsibility of the health sector
are identified. and only their costs assigned. health-
scclor WSS interventions are more cost-cllective
than generally perceived and are comparable 1o
those for ORT (2)

The consensus 1reatment of WSS is not to dis-
nuss it as unimportant but to Lreat it as an exception
for the purposes ol CEA (3-5). Feachem states the
fallowing:

“Special difficulties are Inheren: b applying cosi-
effectiveness analysts to nuerventions having muliiple
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benefits, and water supply and sanitation present these
difficuliies in an extreme form (Berman, 1982, Briscoe
1984). In addition to their impact on diarrhoea rates
among young children, these mterventions may avert
drarrhoea in other age groups, reduce the incidence of
other infections diseases and have a variety of benefits
unrelated 1o health.” (3)

Briscoe’s suggested approach was to separate private
and social benefits and argue that, from a govern-
ment perspective, the costs relevant to the cost-
effectiveness calculation are those of WSS, minus the
amount that users are willing to, and should, pay
themselves {6, 7). Our alternative approach, which
relates to the potential for using WSS-related inter-
ventions as part of child survival programmes, is to
focus on WSS interventions that can be implemented
by the health sector and limit the costs to those com-
ing directly from the health programme budget,
while retaining the use of an appropriate health
mpact measure ol effectiveness. “Improving water
supplies and sanitation” and “promotion of personal
and domestic hygiene” have been distinguished as
two separate types of intervention, each with its own
costs and effects (8), The effectiveness of each ap-
pears to be enhanced by the presence of the other.
Even if there is no positive synergy between “sofi-
ware” and “hardware” interventions (i.e., i their
joint effecl is the same or less than the sum of the
separate effects), a CEA that uses only the costs over
which the health programme decision-maker has
some control will yield results that are more infor-
manve and useful for allocating health programme
resources.

WSS measures as preventive
interventions for control of
childhood diarrhoea

WSS interventions are fundamental to public health.
They prevent illness by reducing exposure to disease
agents through physical isolation of faecal waste and
changing people’s behaviour. WSS interventions
include hardware (physical infrastructure), which
alters and protects the environment, and software
{hygiene education, social marketing, surveillance,
moniloring), which transfers knowledge and induces
the changes in behaviour that are required to im-
prove health outcomes. Hardware and software
components (as shown in Fig. 1) normally have
maximum Impact in combination; however, inde-
pendent effects on health status are also possible.
Since hardware and software interventions have dif-
ferent health impacts as well as different costs, their
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Fig 1. Hardware and software components of water
supply and sanitation.
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cost-effectiveness 1n improving health conditions can
be very ditferent.

The hardware components are usually not
health-sector interventions,? although the health sec-
tor should influence the design of inlrastructure and
even how it is operated and maintained m order to
maximize positive and avoid negative health im-
pacts. Only the soltwarc compaonent is cleariy a re-
sponsibility of the public health agency. In diflerent
countries and at different stages of development, the
amount of public inicrest in and the proportion of
the public health budget allocated to the tollowing
software interventions will vary:

Project design. modifying the design and 1mplemen-
tation of development projects (water supply, sanita-
tion, drainage, 1rrigation, roads, dams, housing, etc.)
to achieve positive health impacts and avoid nega-
tive unpacts.

Education: providing mformation to individuals
and community-based groups to improve hygiene-
related behaviour,

Muarketing: using social marketing to increasc proper
use of water supply and sanitation hardware,
Regulafion: establishing and enforcing norms for
dunking-water and food safety.

Surveillance: monitoring and reporiing on waler
quality and water-related diseases.

Advocacy: promoting pubhc health as a governmen-
tal (public) priority.

Applying cost-effectiveness
analysis to WSS interventions

Planners and programme designers in most health
agencies use at least some implicit form of CEA {or
deciding which interventions 1o include in ther pro-

@ This 15 clearly true in urban areas, where health ministries are
virlually never responsible for water supply and sewerage sys-
lems Health programmes are sometimes responsible for providing
basic water supply and sanilation faciites in rural areas
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grammes and which to exclude (9. 70) CEA com-
pares programme cosis o programme performance,
measured by some nonmonetary indicator of impact.
CEA is more easily understood, is easier (o perform,
and 1s less contentious in its interpretation than cost—
benefit analysis (CBA).

In CBA. all the benefits and costs of an invest-
ment are expressed in monctary umits, adjusted for
“economic distortions.” and discounted by the op-
portunity cost of capital. The costs (negalive) and
benefits (positive) are then added to estimale the net
present value of the proposed intervention. This es-
timate represents Lthe net increase i economic
welfare thal would result from implementing the in-
tervenfion. Assuming that the goal of society is
1o maximize economic welfare, the decision 1o go
ahead with the investment requires that the benefits
exceed the costs, i.e. that the net present value is
more than zero.

CEA., on the other hand, estimates the unit cost
of achieving a particular effect (c.g.. the cost per
child death averted) by a particular means. It does
not altempt to determine the monetary value of the
effect or judge whether the value of the cffect is
more or less than the cost of the intervention and
canmot, therefore. be used to make an absclutc
judgement aboul the desirability to society of mak-
ing the investment. Rather. CEA. is used to deter-
mine which means should be employed 10 achieve a
pre-determined goal and to which a level of funding
has usually alreacly been allocated. Essentially CEA
says that once a decision-maker has decided what to
do (maximize health mpact), then it should be done
at the least programme cost. CBA helps a decision-
maker determine whetler 10 pursue a particular goal,
CEA hclps a decision-maker defermine the least-
cost approach for achieving thal goal (see ref. /2 for
a concise summary of the ditficulties of applying
the various rationales for decision-making in publbe
health).

~Cost-elfectiveness” (the cost per unit of effect)
is a quality of every inlervention, however costly,
and the cost-effectiveness of a particular nterven-
tion may be compared either to that of allernative
interventions that produce a simlar eftect or to a
specific programme cut-oft value (7). If an interven-
tion's cost-per-unit-effect is Jess than that of one or
more alternative interventions, it will be judged the
“more cost-elfective” or “mosi cosl-elfective™ alter-
native. If its cost-per-unit-effect is less than a lcst or
cut-off value that 1s applied to all potenhal inter-
ventions, it may simply be judged “cost-effective.”
Fither result provides support for using the interven-
tion as part of a health programme. ensuring that
the desirable cffect is maximized subject to the con-
straint of a fixed budget. CEA is often used Lo com-
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pare the cost-effectiveness estimales of a relatively
small set of alternalive mterventions. If a cut-off
value is used, 11 should be determined after consider-
ing all feasible interventions (9, 11).

A cul-off value of US$ 150 per disability-
adjusted life year {(DALY) was suggested in the
World development report (5) as the defining crite-
rion far “cost-effective” interventions that should be
mncluded in child survival programmes. This value
appears to have been widely accepled as a loose
defimition of “cost effective.” More recently, several
different “cost-effective™ interventions have been
described for the control of childhood diseases by
applying the DALY methodology to measure effec-
tiveness (14). For diarrhoeal diseases, pneumonia,
measles, malaria and maloutrnition, the main inter-
vention is the Integrated Management of Childhood
Illness (IMCI} approach, with a cost elfectiveness of
US§ 30-100 per DALY. For comparison, 1 1990
prices the value for the Expanded Program of Immu-
nization (EPI} is US$ 12-30, and for iodine supple-
mentation, USy 20-34, both per DALY saved; m
1996 prices the costs would be approximately 20%
higher.

In the followig sections, a CEA model is ap-
phad to rwo WSS intersenltions: censtruction of
tacilities (hardware) and provision of hygiene educa-
tion (an eaample of software). The cost-effectiveness
of the iwo interventions 1s cstimated separately and
jointly.

CEA as applied in this article uses financial and
not economic costs. This should bave little impact on
the conclusions, since there are no @ priori reasons
for assuming that the two cosls are very different.
Furthermore, a CEA approach which included all
indirect cconomic costs {and benefits) would be
equivalent to CBA. As outlined below, there arc
three critical distinctions between this and previous
analyses of the costs and impacts of WSS
interveniions.

» Investments in hardware are freated as being
largely outside the respounsibility and contrel of
health programme officials, and hence the cost to
the health seclor of resources used in the construc-
tion and operation of facilities 1s zero.

¢ Health impact is measured by three variables, in-
cluding DALY: and the two more traditional
measures. reductions in mortalilty and morbidity.
The DALY combines objective epidemiological
parameters with subjective judgements about the
relative value of different health outcomes (13).

« Cosl s the net cost to the health sector budget, i.e.
the actual cost of the software intervention minus
any savings realized by the health sector due to
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Table 1: Assumed incidence of diarrhoealyear per child for four scenarios®

SW- {No hygierne
education)

Combinations

SW- (Hygieng educalion
pragramme in place)

HW~ {Inadequate or no hardware)

HW' (Adequate hardware present)

Base case

10% less than base case
5% (pessimistic)
15% (optimistic)

10% less lhan base case
5% [pessimistic)

15% (ophmistic)

30% less than base case
20% (pessimisitc)®

40% (opimislic)®

3 HW = hardware, SW = software.

¢ Sum of the pessimistic assumptions (5% -+ 5%) plus 10% posilive synergislic effect.
¢ Sum of the optmistic assumptions (15% + 15%;) plus 10% posilive synergistic effect.

the reduction in the number of cases requiring
treatment.

Effectiveness of WSS
interventions: summary of
empirical findings

There is a considerable lilerature on the effective-
ness of WSS interventions, both software and hard-
ware, for prevenluing diarrhocal disease in children,
and we used a review of 65 stuches (75} 1o generate a
plausible range for the minimum effectiveness of
WSS interventions (see Table 1). Hardware is de-
fined as the presence ol adequate WSS lacililics,
while software, for the purpose of this exposition, is
limited to hygiene education {disposal of cxcreta,

# Hardware and software inlervenlions may, of course, be imple-
mented separately or in combination For this analysis we need 1o
charactenze lherr effecliveness under both arrangements Most of
the avallable Iiteralure, however uses methodologies that do not
allow the eflects to be measured bolh separately and in combina-
tion There 15 therefore some controversy regarding eshmates of
the preventive effectiveness of WSS hardware and software as
independent interventions and, furthermore, whether joint nter-
ventions have an effectiveness greater or less than the sum of the
separate elfects (1e whether there 15 positive or negahive
synergy) None lhe less, the uncertainty Iin esimales of effective-
ness does not affect the validity of conclusions from this analysis,
for the following reasons

* First, cost-effectiveness s most useful as a calegoncal indicator,
not a precise cardinal measure. An accurate poinl estimale of
effecliveness 13 not necessary In an analysis thal 1s intended to
categonze interventions broadly as “clearly not cost-effective,” “of
doubtful cost-effectiveness, ' or “clearly cosl-effeclive ”

+ Second and most important, the conclusion thal WSS software
interventions are cost-effective investmenls for the health sector
rests pnmarily on the approprate allocation of costs for health
sector and nonheailh sector activities, not on the estimates used
for effectivenass

« Finally, we have deliberalely used effectiveness sstimates ihat
are conservative (1e low) in order to demonstrate thal WSS
software interventions are cost-effective even under the
ralatively modesl assumptions made bere about their prevenive
ellectiveness

620

water storage and handling, and personal. {ood and
domestic hygiene} (see (76) for definitions). An n-
tervention 1s defined by two stales — before {or
without) and atter (or with) Lhe intervention. The
preventive effectiveness, measured as a reduction in
incidence, is the difference in the number of cascs
occurring before (without} and afier (with) the inter-
vention. Below, HW is used for hardware and SW
[or software, “' " for the presence of and “~” for the
absence ol

Adding soltware to hardware, (HW-8SW-) - (HW' SW )
Adding softwarc to inadequale hardware: (HW- SW ) —
(HW- 5w

There are four possible combinations or
“states™ of HW and SW. By definition HHW- SW- 15
the base case associated with the maximum inci-
dence of disease. The combination HW- SW+ de-
fines the most desirable state and 15 associated with
minimum merdence and maximum preventive effec-
tiveness (30% reduction in incidence vs. the base
case) The states HW' SW- and HW- SW" are as-
sumed to have equal cffectiveness (10% reduction in
incidence vs. the base case) as independent interven-
tions. These values reflect a mild positive synergy
between the HW and SW interventions (lhe joint
effect is 30% comparcd to 20% for the sum of the
mdependent effects). These cstimates are used as the
basis [or the cost-effectiveness calculations,

For comparison, Table 2 shows some of the esti-
males of preventive effectiveness ciled 1n the litera-
ture. In view of the difficulty of comparing the
different studies and estimales egiven, this analysis
has employed opltimistic and pessimistic scenaros (o
examinc the sensitivily of the results to changes in
the assumed values for effectiveness.

The cost of WSS interventions

A range ol representative costs for WSS hardware
has been derived from published values. For peri-

WHO Bulletn OMS Vol 76 1998
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urban conditions, a range of US§ 10-50 per capita
per anmum covers the hardware technologies likely
to be feasible on a large scale {see for cxample 14. 22
23). Costs for piped water systems in rural areas tend
to be higher. Because costs for WSS are convention-
ally expressed as per capita per annum for the whoie
population, costs per household must be calculated
by muitiplying the per capita cost by an assumed
average number of members per household; this
analysis assumes five people per household. The ba-
sic analysis uses the lower end of the range of costs
(US$ 14.40 per person * 5 people = US$ 72 per
household per annum) to reflect peri-urban condi-
tions in which only low-cost, lowtechnology systems
are viable. A discount rate of 3%. the same as used in
the DALY methodology (1), is used to annualize
WSS vestment and operational costs. For a simple
technology. the infrastructure hfetime may be 5-10
years. For internal consistency when using the
DALY measure of effect. where health impact is
estimated over a lifetime, the analysis assumes that
infrastructure is replaced every 5-10 years. Thus,
over an 80-vear time frame, the HW mfrastructure
would need to be replaced between 8 and 16 times.

WSS hardware cannot be supplied only to un-
der-5-vear-olds. Although some households will
have no children under the age of 5 years, the public
health benefit of having complete coverage 18 high.
so all households must be included in the coverage
target and hence the cost basis.’ Tt should be noted
that because the target group for health impact is
children under the age of 5 vears, the health impact
on adults is an irrelevant side-effect for the purposes
of this analysis.

To determine the costs for soltware mterven-
tions to be used in the model. a costing matrix for
providing hygiene education to households through
health extension programme was developed (24).
The most important cost component is labour and
the total cost of a hygiene education programme js
proportional to the number of households with
whom contact must be made, rather than the total
population. Cost variahles include health extension
worker to client ratios, number of contacts per year,
and the time required for programme implementa-
tion. The costs for hygrene education in the short to
medium term are best thought of as the costs of
carrying oul ongoing campaigns of hygiene promo-
tion and maintaining contact with target clients. The
cost estimate derived for hygiene education is US$ 3
per household per year with a lower limit of TUS$ 2

¢ Walsh & Warren (7) appear to have used per capita WSS costs
multiphed by 1he population of infants alone, thereby underestimat-
Ing the costs of achieving child survival impacis

622

and a higher limit ot TS$ 3. In a city with 1 million
inhabitants (200000 households). this would mean
allocating an average annual budgel of US$ 600000
for hygiene education related to diarrhoeal discase
prevention in peri-urhan areas.”

The cost-effectiveness model

Using the information presented above, we devel-
oped a spreadsheet model to estimate the cost effec-
tiveness ol four WSS intervention scenarios. The
data used assume a city with 1 million residents of
slum or peri-urban areas who receive few formal
services from central or local government. The
analysis was conducted for the base year 1996, The
calculation of health impacts 15 in terms of deaths
averted, cases averted, and the additional health util-
iy mdex, DALYs saved. Health impact s defined as
the difference between incidence, deaths, or DALY
befare and after the intervention. A detailed sum-
mary of the calculations for onc scenario is presented
in the Annex.

The first step 15 to calculate the wneidence of
diarrhoeal disease among under-3-year-olds for each
of four HW/SW states. The number of cases resulting
in death is obtamed by multiplying the number of
cases by the case fatality rate (CFR). and adjusting
the resulting number for deaths averted by treatment
with ORT. DALY are then calculated as follows:

DALYs = Deaths averted X YLL + Cases averted ¥ YLD
where

YLL = disabilty-adjusted years of life saved per death
averted

YLD = disabihity-adjusted years of life spent with the
disability per case averted.

? This estimale may be on the high side. A recenl World Bank
WSS project In Indonesia, intended to benefit a rural population of
2 million costed the hygiene and sanitation education componenl
at US$ 7 million or US$ 3.50 per person (25) This cost is for a one-
off investment over 5 yaars, and on an annualized basis (e.g. 30
years at 3%) would amount lo less than US$ 1 per household per
year for 30 years Even If the investment in hygiene education
were written off over a 10 year perod {1 e the education campaign
was repeated every 10 years) the cosl per househcld per year
wauld oniy be US$ 2.05,

As with the costing of many healih interventions, there is no single
appropriate number, a location-specific order of magnitude 15 the
best most programme analysts can hope to obtain. Estimates
reflect differences in cost accounting, programme efficiency, and
country characteristics One study of the costs of oral rehydration
therapy (ORT) programmes {26) cites a range of US$ 0 70 to USS
9 66 (In 19682 prices) for the average cost of treatment with QAT
from studies in eight different countnes; another guotes a range for
Immunizatien pragrammes frem US$ 0 89 1o US$ 15.60 per fully
immurized child (27)

WHO Bulletm OMS Vol 76 1993
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In other words. DALYs from mortality are
combined with DALY from morbndity to give Lolal
DALYs The formulas for calculaling YLL and YLD
are taken directly from Murray et al. (13, 28) and are
shown in the Annex The YLL lormula provides the
average number of years of life to be lived by chil-
dren currently under the age of 5 years, which is then
adjusicd using an age-waighting formula that rellects
subjective judgements about the relative value of hife
hived at cach agc and a time-discounting factor (3%
[or future years The YLD formula provides the time
spent with a disability only in the year of interven-
tion. which 1s reduced by a severity factor {one of six
discrete values ranging from 0.096 to 0.920) and by
the age-weighting formula.

The data needed 10 calculate total DALYs asso-
cialed with each of the four combinations of hard-
ware and softwarc are shown below. The values 1n
parentheses indicate the range of values used for
sensitivity analysis.

Location-specific epidemiological data

— TIncidence 5 cases per child per year (3, f0).

— CFR: 0.5% (0.3%, 0.7%).

— Age. median age al the onsel of the disease: 1
year.

— Duration: 8 days on average per episode or 8/365
years.

— Coverage by ORT: 30%.

— ORT reduction in CFR: 50%.

For the median age at onset, it should be noted that
although the midpoint of the under-5-year-old group
18 2.5, the distribubion of morbidity will not be the
same across this age span. The model assumes that
not all children up 1o the age of 2 years are beuefiting
from the protective effects of exclusive breast-
feeding. and that the bulk of mortndity would occur
during weaning (6-18 months) Theretore, 1 year is
used as the median age of onset.

Subjective paramelers set by the DALY
convention

— Life expectancy: 80 vears.

— Sevenly; disality weight of .60 for nfant
diarrthoea

— Ape-weighting factor: the same age-weighting
funcuion used in the World development report
(14).

— Discount rate' 3%.

In principle, all the locally specific epidemiological
dala are verifiable empirically, The subjective pa-
rameters used in the DALY calenlation were devel-
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oped by polling cxperts in a sysiematic manner (73,
28). The discount rale. age-weighting function,
severity and lite expectancy are assumptions of the
methodology and cannot be verified empirically

Comparison with ORT

The cost-cffectiveness of ORT. a curative interven-
o1, is estimated using the model and comparcd to
the cost-cffectiveness of WSS interventions. which
are prevenlive. The effects of ORT and WSS mnter-
ventions arc not dependent, however Since ORT
treatment 1s financed from the health budget, a re-
duction in the number of cases of diarrhoca resulling
from a preventive WSS measure will vield a cost
saving 1o the health agency by reducing the number
of cases that need to be treated with ORT Con-
versely, use of ORT has an impacl on the mortality
rates and DALYs in the presence of WSS interven-
tions, by reducing the CFR for diarrhoeal disease
cases thal are trealed. Treating a case of diarrhoea
with ORT is assumed to cost US$ 0.50-2.00. For
example. in a population of 1 mullion people with an
average of Aive cases of diarrhoea per child per year,
the budget required for ORT would be USS 510000
(assuming the treatment cost s US$ 2, 30% of the
cases are trealed, and 17% of the population is under
3 years of age (L.e. 170000 x 5 episodes x 30% X
US$ 2). Therefore, the savings in ORT costs resuli-
ing from a 10% reduction in the number of cases
would be US$ 51 000.

Cost-effectiveness of the four WSS
scenarios

The results of applying the model to the four WSS
scenartos and ORT arc presented i Table 3 and
discussed below.

Scenario 1. Software added fo hardware:
(HW+ SW-) > (HW- 5W")

This scenario is the most appropriate for considering
health sector-financed interventions. Under the con-
servative assumptians adopted for this analyss, the
effcct of adding hygiene software to existing hard-
ware {i.e. of establishing hygiene education pro-
grammes n areas where WSS infrastructure already
exists or 15 being built) is to reduce cases by 20%, 1.e.
the difference between 30% effectiveness for hard-
ware and soltware combined and 10% for hardware
alone. Using these figures. the cost per casc averted
is UUS$ 2.93. the cost per death averted 15 US§ 689,
and the cost per DALY saved 15 TS 20 The gross
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cost of the intetvention (US$ 600 000) is partly offset
by savings in ORT costs of US$ 102 000 (which the
example assumes are paid for by the public health
agency), resulting in a net cost 10 the health sector
budget of US$ 498 000.

A version of this scenario based on more pessi-
mistic assumptions increases the cost of hygiene
education to US$ 53 per household per year, lowers
pre-intervention incidence 1o three episodes per
infant per year, and reduces the CFR to 0.3% and
preventive effectivencss to (5%. This still yields
US$ 140 per DALY saved, which is below the WDR
(UJS$ 150 cut-off value for being “cost-effective.” A
version of 1lns scenario based on mare oplmistic
assumptions lowers the cost of hygiene education
to US$ 2 per houschold per year. rawses pre-
intervention incidence 1o 10 cases per infanl per
vear, and increases the CFR o 0.7% and effective-
ness to 25%. In this version, which is not unrealstic
for a peri-urban environment, the peventive W8S
miervention costs only US§ 1.67 per DALY saved,
US$ 57 per death averted. and US$ 0.34 per case
averted.

Scenario ll. Hardware and software combined:
(HW- SW-) — (HW Sw:)

The second scenarie is to add both hardware and
software. This case contains assumplions used in pre-
vious cost-eftectivenecss analyvses [or WSS as a health
intervention, both hardware and software cosis are
assumed to be paid out of the health sector budget.
The hardware chosen for this example 1s an interme-
diate technology. which would cost USS 72 per
household ot US$ 14.40 per capita per vear. [t would
be combined with software costing USS 3 per house-
hold per vear to vield 1otal costs of USE 75 per
household or US$ LS per capita.

This type of intersention 15 notl cost-elfective
comparcd 1o the US$ 150 per DALY criteticn ree-
ommended in the World development report. The
cost per DALY saved is USS 413 while that per casc
averted s US$ 60.58. The cost per death averled of
USS$ 14233 is comparable to Walsh & Warren's
estimate of US$ 3400-US$ 4000 per mnfant death
averted m 1975 prices {I) {approximately equal to
US$ 10 000-12 000 1 1996 prices) Even with opti-
mistic assumpftions, 1ns inlervention is not a cost-
effective investment for the health sector aiming to
improve mfant and child health.

Scenario Ifl. Hardware alone:
(HW- SW-) - (HW SW )

Not surprisingly, the least cost-eftective of all sce-
narios for the health sector is to provide hardware

WHO Bulletin OMS, Vol 76 1983

alone Al a cost of US$ [4.40 per capita and with
preventive  effectiveness of 10%, the cost-
effectiveness is US$ 168.8] per case averted,
US$ 39720 per death averted. and US$ 1152 per
DALY saved.

Scenario V. Software alone:
(HW- SW-) — (HW- SW")

The last scenario is to provide software alone. The
cost per DALY and per life saved are US$ 44 and
US$ 1520. respectlivelv. This qualifies software alone
as a “cosl-effective™ intervention compared to the
World development report criterion. However, the
costs per DALY and per life saved are more than
twice those in scenario 1 in which software is added
to existing hardware. This indicates that sofltware
interventions alone are a reasonable use of health
sector funds, but health agencies would be well ad-
vised 10 target their WSS health education efforts (o
areas where hardware already exists or is being built,
as well as encouraging households to nvest their
own resources in WSS hardwate.

The cost-effectiveness of ORT

-

The last two columns of Table 3 show the cost-
effectivencss of ORT for comparative purposes. The
assumptions used in the analysis are as follows:
five episodes per child per year, a reduction in the
CFR from 0 30% to 0.25% for cases trcated. a total
health-sector cost of US$ 2 per case treated. and
100% coverage (treatment provided for all cases).
The cost-effectiveness is US$ 24 per DALY saved
and USY 800 per death averted. It the cost of ORT is
lowered to TUS$ 0.50 per treatment. the cost per
DALY falls from US$ 24 10 US$ 6 and the cost per
death averted falls from TUS$ 800 to US$ 200 The
presence of WSS does not change the cost-
effectivencss of ORT It does. however, reduce the
total number of cases that have 1o be treated, and
therefore the total budget required to cover the
whole population.

Should WSS construction,
operation, and maintenance be
considered public health
interventions?

The results of the analysis above confirm that WSS
hardware by 1iself or in combination with software is
not @ cost-eflective intervention for child survival
projects. which measure the eflect of their invest-
mentsn lerms ol reduced morbidily and mortality in
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children. However. the proposition that hardware
mterventions are appropriate investments for the
health sector could almost be viewed as a “straw
man”, Le. an easy target to strike down. The asser-
tion that the health sector either does or should pay
the costs of WSS hardware is not warranted. WSS
infrastructure is almost always financed by a combi-
nation of user fees and public investment subsidies.
Even if such subsidies are granted for public health
reasons. they are generally provided through chan-
nels other than the health budget. The financing of
WSS coverage never has been, and probably never
will be, a significant item in the budgets of health
authomnties, which are more concerned with building
and operating faclities for health services. For exam-
ple, average health expenditures in sub-Saharan
Africa were estimated to be US$ 22 per capita in
1990. Of this only US§ 10 per capila represented
governmenl expenditure on health (29); only a tiny
fraction of public health budsgets is allocated for the
direct provision of WSS services. Furthermore, even
these allocations arise mostly from counterpart fund-
ing for development projects. To assume that even
5% or US$ 0.50 per capita of the US$ 10 is spent on
WSS services is probably an overestimate. On the
other hand, for even low cost WSS technology, costs
vary from around US$ 15 to US 60 per caprla per
annum (30},

CEA excludes non-health benefits and uses an
index hmted to mortality, morbidity or some combi-
nation of these (e.g. the DALY). From a consumer’s,
rather than the health agency’s. perspective, the ben-
efits of WSS infrastructure include the accessibility
and convenience of safe and clean water and the
convenience of waste disposal. People will pay for
these benefits, and demand analysis is the proper
basis for imposing user fees and/or providing public
subsidies.

The significant demand for water supply and the
ease and equity of imposing sanitation costs in pro-
portion to water consumption explain why WSS
investment is almost never considered a public
health agency responsibility. Certainly it is wrong 1o
draw conclusions about the appropriateness of WSS-
related health interventions based on a CEA that
primarily or solely addresses WSS physical infra-
structure.

WSS hygiene education
interventions are highly cost-
effective

It is equally clear from the results of the CEA pre-
sented here that WSS hygiene education interven-
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fions are extremely cost-effective for controlling
chidhood diarrhoea. When hygicne education is
added 10 WSS hardware that already exists or is
being funded with non-health monies, the cost
of water and sarutation hygiene mterventions per
DALY saved is comparable to the cost of ORT: TS
20 compared with US$ 24 Usmg the optumnistic vari-
ation of this scenario, the cost of hygiene education
interventions per DALY saved (US$ 1.67) is lower
than that for ORT as calculated under the low-cost
scenario {US$ 6). Using the pessimistic scenario. the
cost per DALY saved is seven times higher than that
of the base scenario. or US$ 140. But even this mter-
vention is still cost-effective according to the de facto
World health reporr criterion of US$ 150 per DALY,

Our results were obtamed using conservative
assumptions about the efiectiveness of WSS hygiene
interventions and this makes a strong case for such
interventions. Furthermore. it should be pointed out
that not all health benefits have been incorporated in
the analysis. WSS hygiene interventions also reduce
the rate of adult diarrhoea The cost per DALY
saved of W3S hygiene interventions would certainly
have been lower had their impact on adult health
been included in the analysis. In addition, it could be
argued that the changes in cultural practices and at-
titudes required to change hygiene behaviour are so
fundamental, that these changes would be transmit-
ted to future generations without the same need for
sustained public intervention. If the US$ 600000 per
annum discussed above had to be spent every vear
for only 5 years, the present value of those costs (at
a 3% discount rate) would be USY 2.75 million.
When this sum is annualized (converted to an
equivalent annual spending) to match an 80-year
time period for the benefits (the time span tfor
DALY health inpact). and using the same 3% dis-
count rate. the cost would be only US$ 91000 per
annum and the cost per DALY saved would be re-
duced by 85%. The same argument cannot be made
for ORT, which requires repeated interventions
every year for an mdefinite period of time.

When preventive and curative interventions are
compared, and if reducing mortality 15 used as the
sole measure of effectiveness, curative interventions
tend to be favoured. Conversely, if reducing morbid-
ity is the sole measure, preventive interventions will
be favoured since curative interventions do not sig-
nificantly prevent new cases. DALYs represent a
compromise in which both morbidity and mortality
are considered in assessing health impact. However,
changing the values of the “subjective parameters”
used in computing DALYs (severity taclor, age
weight, and discount rate) can drastically change the
relative value of the health impact of preventive and
curative interventions. For the DALY parameters
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Table 4: Cost-effectiveness of WSS intervention to reduce cholera in Mexico,

1991 and 1993

1991 1993 Change (n conditions
A B A-B

Incidence (episcdes/infanl/year) 4 50 2.25 2.25
Nc of cases 55531980 27765990 27765990
No. of deaths 14438 7219 7219
Loss of DALYs from deaths 490 669 245335 2451335
Loss of DALYs from motbidity 117518 58759 58759
Total DALY loss 0B 187 304083 304083
Total cost of SW (USS) 0 85148000 88 146000
Total cost of HW (USSH) 0 4] 0
Total cost of ORT (US$) 184361930 97 180965 —97180965
Cost-effectiveness

US§E per case averied -0.33

US$ per death averted ~12562

USE per DALY saved —29.71

used in the World development report, the health
impact of diarrhoeal disease control interventions is
almost entirely duc 1o mortality cffects. For example.
these subjective paramecters imply that one chuld
death averted has the same heaith impact as prevent-
ing 14443 episodes of diarthoea. or 115000 days of
diarrhoeal disease 1 children.? If more weight were
given to morbidity, the cost-effectiveness of WSS
hygiene relative 1o curative interventions would be
even more impressive.

Applying CEA to other software
interventions

WSS conditions have a critical impact on pubhc
health and chitd survival. However. governments
usually choose 10 manage WSS through non-health
agencies and by the Judicious usc of subsidies and
regulation of the infrastructure sector In Mexico. for
example, the development of WSS infrastructure
has not been financed by the mnistry of health. but
public health officials” advocacy of better sanitation
has influenced government policy A recent article
stated that diarrhoea incidence and mortality among

# A child death averted is worlh 30 DALYs One episcde of diar-
rhoea lasts B days and has a seventy of 0.6 = 4 B days multipl'ed
by an age-welghling factor of 0,158 {for the median age of onset of
1 year) = 0.758 — 365 = 0.002077 DALYs. Hence 30 DALYs =
14443 episodes or 1 DALY = 481 episodes In other words if
DALYs are used as a measure of programme performance, then
measured N health unils. averling a child death is equivalent to
preventing 115000 child-diarrhoea days.
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under-5-year-olds was reduced by 40-50% over a 2-
vear period by regulatory measures (37):

“Fostered by a fear of the devasiating effects of chol-
era, several interventons, such as the widespread
chiorination of water for human consumption and an
effective prohibition on irrigating fiuir and vegetables
with sewage water, were implemented by the govern-
ment i June 1997, The results were marked: over the
2-year period 1991-93, the muual mean number of
episodes of diarrhoea among under-3-vear-olds de-
creased from 4.5 10 2.2, while the corresponding mor-
tality rate fell from 101.6 to 62.9 per 100000.7

Table 4 shows indicative estimates for the
health cost-cffectiveness of these Mexican public
health regulations. In 1991 the population of 86.3
million was growing at 2.1 % per annum and approxi-
mately 14% of the population was aged under 5
vears. Using the mcidence and mortahty data. and
the assumption that 70% of the under-5-year-old
population recenve ORT (reducing the CFR for
treated cases by 50% ). the CFR in 1991 was 0.023%
(12559 deaths + 33.6 million cases) and 0.029% 1n
1993 {7925 deaths — 27.7 mullion cases ) The model
abstracts from population change and only permits a
constant CFR. The aterage CFR of 0.026% and the
mid-period population of 88.1 million were used in
deniving estimates. The CFR for the model’s mput
parameters has to be corrected for the effect of ORT
and vields a gross CFR of 0.04% (ie. the CFR as-
suming no ORT at all.) The pre-intervention state
assumes 100% coverage of HW-, SW- while the
post-intervention coverage is 100% HW-. SW -, The
mtervention has a prevenlwve effectiveness of 50%
compared to hardware only — corresponding to the
reduction in cases per infant from 4.5 to 2.25.
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The cost-effectiveness or impact on the health
budget was US$ 0.33 per case averted, US§ 1252
per death averted, and US$ 7.87 per DALY saved.
The brackets indicate negative values. The cost-
effectiveness estimates are all negative values be-
cause of the savings in the total costs of ORT brought
about by the mtervention — these more than effset
the SW costs. The intervention is not only cost-
effective, but pays for itself. The assumption that
70% of all ORT costs are paid by the public health
budgets may be wrong. Even disregarding the budg-
etary savings from ORT, the cost-effectiveness of the
intervention would be US$ 3.17 per case averted,
US$ 7937 per death and US$ 202 per DALY saved. 1t
appears that a 50% reduction 1n cases at a heallh
sector cost of US$ 93 mnllion (for regulation and
surveillance ) would be offset by savings in treatment
costs of US$ 125 million. Including the impact of the
inlervention on children aged over 5 years and adulis
would increase the savings and the health impact.

Historically, public health improvement in the
developed world required political commitment to
cstablish environmental ownership rights. enshrne
them m legislation, and then enforce the relevant
regulations. Public health interventions have to keep
up wath dynamic growth in the WSS sector. Tn-
creased water supply precedes samtation: more wa-
ter consumed means more wastewater to dispose of.
The drinking-waler sector requires no financial as-
sistance from the health sector, because demand is
nearly always sufficient to cover costs. Sanitalion,
however, may justify some public intervention in the
form of a pubhc health subsidy for construction of
sewerage systems. although this is unlikely to be
channelled through the budget of a health agency.
To ensure that the WSS mfrastructure is able 1o pro-
vide substantial health benefits for both children and
the general pubhe requires the health seclor
to devote resources to project design, surveillance,
marketing, regulation, education and advocacy.

Summary and conclusions

Several policy- and programme-related conclusions
can be advanced, based on thes rcassessment of the
cost-effectiveness of WSS interventions for improv-
ing the health of children under 5 years of age.

* WSS soflware interventions — those paid for by
the health sector — are highly cost-eftective in
reducing childhood diarthoea, and are compara-
ble to that of ORT. Using conservative assump-
tions about the effectiveness and cost of such
interventions, the cost of WSS hygiene education
nterventions per DALY saved is comparable to

628

that for ORT: US$ 20 compared with US$ 24. A
sensitivity analysis was carried out by assuming a
lower effectiveness and a higher cost for software.
In this pessimistic scenario, the cost per DALY
saved is seven times higher than that m the base
scenario, but even at this lower cost-eflectiveness
the cost per DALY (US$ 140) 18 lower than the
cost-effectiveness criterion proposed by WHO
and the World Bank {US$ 150/DALY).

¢ Huge investments in WSS hardware over the past
20 years 1 many countries present a favourable
opporiunity tor highly cost-effective WSS soll-
ware interventions. The presence of existing WSS
hardware provides a tremendous opporlunity for
these countries or communities to invest relatively
small amounts in WSS software to achieve signifi-
cant health impacts.

* Health policy-makers and planners should seri-
ously consider WSS software interventions as part
of the overall strategy [or improving child health.

* The method of estimating cost-effectiveness that
we have described should be applied Lo other soft-
ware interventions for preventing diarrhoeal dis-
gases, as well as to those for malaria and acute
respiratory infections, the two other major dis-
gases of under-5-year-olds. As in the case of hy-
giene education for diarrhoea prevention, ihere 15
a range of publhc health interventions for these
diseases that do not require the health agency Lo
invest heavily in hardware.
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Résumé

Réévaluation de la rentabilité des
interventions “eau/assainissement” dans
les programmes de lutte contre les
diarrhées de I'enfant

Une analyse colt-efficacité montre que les inter-
ventions du type approvisionnement en eau-
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assainissement (AEA) sont extrémement rentables
dans le cadre de la luite contre les diarrhées chez
les moins de 5 ans, a égalité avec la thérapie par
réhydratation orale. |l s'agit la d'une intervention de
nature “logicielle” comme pauvent Fétre I'éducation
a 'hygiéne, le marketing social en faveur de bonnes
habitudes d’hygiéne, la réglementation touchant
Feau de consommation ou encore la surveillance
de la qualité de l'eau Ces interventions sont
necessalres paur pouvoir tirer pleinement part
des effects bénéfiques que [infrastructure de
Fapprovisionnement en eau et de 'assainissement
est susceptible davoir sur le plan sanitaire. Trols
facteurs expliquent que Ton ait pu considérer
les programmes AEA comme une utilisation
non rentable des ressources du secteur sanitaire:
Ihypothése selon laguelle toute intervention de type
AEA supposerait la construction d'une infrastruc-
ture, une idée erronée du réle joué par le secteur
sanitaire dans les programmes AEA et une
mauvaise Interprétation de la portée de lanalyse
colt-efficacite. Linfrastructure AEA (le “matériel”)
est en général construite et exploitée par un
organisme public et financée par des subventions a
la construction, des subventions d’exploitation, des
taxes payées par I'usager ou les impdts fonciers.
Aux organismes du secteur sanitaire de se charger
de la partie “logiciel”, c'est-a-dire le dossier du
projet, I'éducation a I'hygiéne et la réglementation
de la gualité de I'eau. L'analyse colit-efficacité dait
permetire de determiner le gain sanitaire résultant
de l'investissement consentl par le secteur de la
santé, en considérant que les prélévements
effectifs sur les ressources de ce secteur constitu-
ent la mesure du colt. La rentabilité d'un ensemble
de combinaisons logiciel-maténel se calcule en
utihisant le colit par cas de diarrhée évité, e co(t par
décés évite et le colit par année de vie ajustée sur
I'incapacité.
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Annex

Sample calculation for scenario 1

Taking scenario 1 (adding SW 1o existing HW) as an
example and the details as specified in Table 3, we
illustrate the calculation of cost-cffectiveness by
splitting it into four separate parts. The firsi siep is 1o
estimate the number of deaths averted and the
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number of cases averled. The second siep is to trans-
late deaths averted and cases averted into DALYs
saved These three lerms become the denommaltors
of the three forms of the cost-etfectiveness equation
used 1n this analysis. The third step is to calculate
the net cost of the intervention Lo the health sector
budget; this becomes the numerator ot the cost-
cffectiveness equations. Finally, the fourth step is to
divide costs by the three separate measures of health
effect to yvield the cost-effectiveness of the mnlerven-
tion in terms of UJS$ per death averted, USS per case
averted, and US$ per DALY saved.

Recapitulation of parameters:

Preventive effectiveness SW- SW-
HW- 0% 10%
HW~ 10% 30%

Assumptions for
diarrhoeal disease: Incidence = 5 episodes per
child per year
Case fatality rate (CFR) =
0.500%

Assumptions for oral
rehydration
therapy (ORT): ORT coverage (present) =
30.00%

ORT reduction in case
fatality rate = 50.00%

ORT coverage (future} =
30.00%

Assumptions needed
for DALY
calculation: D (severity factor) = (.60

T (discount rate) = 3.00%

p (age weighting constant) =
0.04

& (median age at onset and
death) = 1 year

L (life expectancy) = 80 years

Duration of an episode = 8
days = 0.022 (8/3605) vears

Constant, C = 0 1658

Age weighting modulation
facior K = 1

K = 0if no age-weighting is applied, but wc use K =
1 to maintain consistency with the World develop-
ment report (3) and Murray & Loper (28). Cis a
constant, which 15 taken to be equal to O 6158 and
ensures that total vears of life lost/lived with a dis-
ability produce the same burden of disease total as
when no weighting is used (see Murray (73)).
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Water and sanitation interventions

Cost basis

1000000
Population + 5
17.00% of population

Population
No. of households
No. of children under
3 years
Per annum:
cost of software
cost of hardwarc

US$ 3.00  per househeld
TUS$ 1440 per capita total
population

ORT treatment US$ 2.00 per case treated

The analysis of all interventions is done by compar-
ing two states — without {or betore) and with (or
after) the intervention.

Step I. The number of cases before the intervention
is obtained by multiplying the population of children
under 5 years of age (17% X 1 million = 170000} by
the number of episodes per vear and by the preven-
tive effectiveness of hardware alone = 170000 X 5
(1 — 10%) = 763000.

With the mtervention (HW*SW=), the pre-
venlive effectiveness rises to 30%. Thus, after the
intervention, the number of cases = 170000 X 5 %
(1 — 30%) = 595000.

Therefore, the number of cases averted =
765000 — 595000 = [70000

Deaths averted are equal to cases averted limes
the case [atality rate = 170000 x 0 5% = 850.

We know, however, that 30% of all cases are
treated with ORT both before and after the inter-
venlion. which reduces the case fatality rate for
treated cases by 50%. ORT does not affect the
number ol cases but the preventive WSS soft-
ware intervention docs. Accounting for treat-
ment with ORT, the number of deaths would be
3251.25 before the intervention and 2528.75 after the
intervention.

The net deaths averted by the WSS software are
thus 3251.25 — 2528 75 = 722.5.

Step IT. The lollowing cquations for DALY equiva-
lents per death and case averted (YLL and YLD,
respectively) are given by Murray (73):

KCe"

- |:o'“ S “:I[—(r + [j)(L - (e:] - 1}

(r + [’J]

YiL =
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YLL = 33983 DALY

oo —p) KCe Ul gy 4 a
pegple” T

-1 e_['_ﬁ]'[—[r + pla - LH

YLD = 0002116 DALYs

where a is now Lhe age of onset of the disalnlity, L is
now the duration of disability (8 days), and D is the
disability weight. For simplicity we take the age of
onset as the same as median age of death (1.e. l-ycar
old) — otherwise the calculation must be repeated
for each age group {i.e. the 0-1s. ls, 25, 35 and
4s) using weights bascd on relative frequency of
cases.

The impact in 1erms of DALYs is thus 722.5 X
33.983 + 170000 x 0.002116 = 24912 DALYSs. Over
98% of the DALYs saved are from deaths averted.

Both the YL L and Y7L D formulae can easily be
programmed in spreadsheet or calculator.2

Step III. Hardware cosls are for a population of
[ nullion % per capila cost of US$ 1440 per annum =
US§ 144 milhon per annum The total 1s the same
with and without the intervention. Costs 10 the
public health agency, winch pays for the sollware,
are composed ol software costs, nel ol savings in
ORT treatments from the decline in 1he number of
CaSEes.

Incremental software costs = (200000 house-
holds x US$ 3 per household) — (30% 3 L70000 x
USS 2 per ORT Geatment) = US§ 1983000 per
annom

Step IV, Cost-eflectiveness

USs 498000 = (7225 deaths or 170000 cases or
23912 DALYS)

= 1J5% 689 per death averted

= USS$ 2.93 per casc averted

= 1755 19 99 per DALY saved

A soreadsheet v rarezions & avalakla rom the Erviran-
me dal Health Project 1671 Noilh Kent Steef, Sule 300
Artlington A 22208 US4

@31






