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ABSTRACT
Introduction Oral rehydration salts (ORS) and 
zinc comprise the globally recommended 
treatment for diarrhoea in children aged <5 
years. However, limited access contributes to 
low uptake of this treatment and subsequently 
high rates of morbidity and mortality among 
this age group in low- income and middle- 
income countries. We adopted approaches used 
for private- sector value- chains of fast- moving 
consumer- goods, involving the simultaneous 
stimulation of supply and demand. These 
approaches were applied to the introduction of 
an innovative co- packaged diarrhoea- treatment 
kit (ORSZ co- pack) to increase ORS and zinc 
coverage at the community level in Zambia.
Methods We tested our approach using an 
observational pre–post test study design in two 
intervention districts in rural Zambia (Kalomo and 
Katete), each with a matched comparator (Monze 
and Petauke, respectively). We assessed the effect 
on coverage, of ORS and zinc as well as ORS alone, 
by conducting household surveys of a total of 2458 
and 2477 caregivers of children aged <5 years at 
baseline and endline, respectively, across the four 
districts. We also assessed whether the source of 
ORS (public or private sector) changed following 
the intervention.
Results Both intervention districts experienced 
significant increases in coverage of ORS and zinc 
from <1% at baseline to 46.9% and 46.3% in 
Kalomo and Katete, respectively. Uptake in the 
comparator districts remained low at 1.7% and 
0.6% in Monze and Petauke, respectively. For the 
secondary outcome examining ORS coverage (with 
or without zinc), the intervention was associated 
with a significant increase in Kalomo versus Monze, 
but not in Katete versus Petauke. There was a clear 

shift from the public to the private sector, and 
specifically to the use of the ORSZ co- pack.
Conclusion Implementation of a value- chain 
creation approach for an innovative, over- the- 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Oral rehydration salts (ORS) and zinc 
comprise the globally recommended 
treatment for diarrhoea in children 
aged <5 years and have been shown to 
reduce morbidity and mortality in both 
household and community settings.

 ⇒ Limited access to ORS and zinc in low- 
income and middle- income countries 
(LMICs) contributes to low coverage of 
this treatment and subsequent high rates 
of morbidity and mortality among children 
aged <5 years.

WHAT THIS STUDY ADDS
 ⇒ The simultaneous stimulation of supply 
and demand via the creation of a value- 
chain that leverages market- shaping 
and demand- generation approaches 
(eg, human- centred product design, 
promotional activities and training, 
and the use of existing private- sector 
networks, including private, community- 
based retailers) can be used to increase 
coverage and use of ORS and zinc.

 ⇒ Co- packaging of ORS and zinc ensures 
that both elements of the treatment are 
available at the same time at the point of 
access for the end- user.

 ⇒ Such interventions can shift the primary 
source of ORS and zinc from the public 
to the private sector, creating improved 
opportunities for access and reducing 
the strain on often overburdened public 
systems.
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counter, co- packaged diarrhoea- treatment kit can significantly 
improve the coverage of ORS and zinc.

INTRODUCTION
While deaths from childhood diarrhoea have declined 
over recent decades, the disease remains a leading cause 
of avoidable morbidity and mortality in children aged 
less than 5 years.1–4 Globally, diarrhoea is the fourth- 
leading overall cause and second- leading infectious cause 
of child deaths, after preterm birth complications, lower 
respiratory infections and intrapartum- related events, 
accounting for approximately 9.1% (ie, 0.48 million) of 
childhood mortality.3 5 6 A similar trend is seen in Zambia, 
with diarrhoea accounting for approximately 9% of 
childhood mortality.7 Globally and in Zambia, rotavirus 
is a leading cause of diarrhoea in children.8 9 It is widely 
accepted that the use of oral rehydration salts (ORS) with 
10–14 days of zinc supplementation (ORS and zinc) can 
reduce childhood deaths from diarrhoea.10–12 This combi-
nation therapy is safe and effective for use in both home 
and healthcare- facility settings when properly prepared 
and administered. The therapy has various other bene-
ficial attributes, including being off- patent, cheap, and 
relatively easy to manufacture locally and distribute 
when compared with other pharmaceutical products.13 
Together, ORS and zinc form the primary treatment 
recommendation from the WHO and UNICEF for diar-
rhoeal diseases in children.14 15 ORS can significantly 
reduce diarrhoea- related deaths, while zinc supplemen-
tation can reduce the duration, severity and recurrence 
of diarrhoeal diseases in children in the 2–3 months 
following its use. Despite this, coverage (defined as the 
share of the population with need utilising a defined set 
of healthcare goods and services; also referred to in this 
paper as uptake) of the combination therapy of these two 
products remains very low globally.

Treatment access
In Zambia, as in many low- income and middle- 
income countries (LMICs), both ORS and zinc can 
be purchased over the counter, usually as separate 
products. However, globally recognised barriers to 
access exist, relating to both supply and demand; these 
barriers include insufficient production, distribution, 
promotion and awareness.16 One systematic review 
found that, while copromotion of ORS and zinc can 
improve the level of ORS use, few high- quality studies 
have investigated the effectiveness of interventions to 

promote the use of this combined therapy.17 Globally, 
it is estimated that less than 7% of children with acute 
diarrhoea receive zinc, and only around 42% of them 
are given ORS.18 In Zambia, estimations made prior to 
our intervention showed that zinc coverage was <1%, 
while coverage of sachet- based ORS was 64%.19 Rural 
areas in Zambia, as in many LMICs, tend to have the 
greatest burden of diarrhoea, yet access to ORS and 
zinc is particularly problematic in these areas, with 
public sector supply unreliable and private sector avail-
ability limited, particularly for zinc.20–26

Social innovation for the treatment of childhood 
diarrhoea: a value-chain approach
To address this situation, we adopted a multipronged 
approach involving the development of an improved 
and innovative co- packaged ORS and zinc product, 
together with the creation of its end- to- end value- chain. 
The improved ORS and zinc product was designed 
with consideration of what the end- user wants (rather 
than what they are perceived to need) at the forefront 
of the design process. This was the foundation of 
creating an end- to- end value- chain,27 a business model 
that is broader than the supply chain model, as it also 
takes account of product design, research and develop-
ment, marketing, profit margins, delivery and use, that 
is, it conceptualises the transformation of a product or 
service from concept to community.28

The primary focus of value- chains is on the benefits 
that accrue to end- users, with value generated when 
the needs (and, more importantly, the desires) of these 
end- users are met through the provision of products or 
services.29 When customers at the end of a value- chain 
perceive a product as having value, this creates a ‘demand 
pull’ on the product, facilitated by intermediaries (ie, 
wholesalers and community- level, private- sector retailers) 
who can make a profit while fulfilling demand, as value 
flows back down the value- chain (figure 1). This differs 
from traditional public sector supply- chain management, 
which begins with an agency (eg, ministry of health) who 
‘pushes’ product out.30 Value- chain principles have gener-
ally been applied to commercial, fast- moving consumer- 
goods (FMCGs), such as beverages (eg, Coca- Cola), 
toiletries and groceries. These principles have not typi-
cally been applied to improve access to essential public 
health products.

The provision of ORS and zinc via public sector 
clinics alone has proved an ineffective strategy;10 
incorporating the private sector to strengthen supply 
chains and learning from commercial approaches has 
been advocated as a promising way to reach the wider 
population.16 20 Since 2009, UNICEF and WHO have 
been proposing the co- packaging of ORS and zinc as a 
means of increasing coverage of ORS and zinc.31 Thus, 
the aim of this study was to test the hypothesis that 
uptake of ORS and zinc combination therapy for child-
hood diarrhoea can be significantly increased in rural 
communities by simultaneously creating an innovative 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE 
AND/OR POLICY

 ⇒ Implementation of a private- sector- inspired, value- chain 
creation approach for the distribution of co- packaged 
ORS and zinc can significantly improve the coverage of 
this globally recommended treatment at the community 
level in LMICs.
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co- packaged ORS and zinc product together with its 
value- chain. In other words, creating a desirable ORS 
and zinc (ORSZ) co- pack, generating a demand for it 
through marketing, and making it profitable for all 
those involved in fulfilling that demand: distributors, 
wholesalers and community- level rural retailers.

METHODS
Patient and public involvement: creating the value-chain
To create the value- chain, focus groups involving care-
givers of children under- 5 living in rural Zambia were 
used to gain a better understanding of end- user chal-
lenges, desires and willingness- to- pay,32 with respect 
to treating diarrhoea in the home. Consultations with 
retailers, wholesalers, and manufacturers were also used 
to help determine the typical margins expected by each. 
These were then used to inform the design of the inter-
vention and calculate a target ex- factory price for the 
ORSZ co- pack.

To meet this target ex- factory price in the trial phase, a 
subsidy was applied at the top of the value- chain (ie, the 
manufacturer’s end), with a view to subsequently elim-
inating this subsidy during the scale- up phase through 
economies of scale and other efficiencies, such as product 
design modifications indicated by the trial. The bene-
fits of subsidising the top of the value- chain in this way 
were twofold. First, it enabled creation and testing of the 
value- chain, which is required to achieve the demand- 
pull effect, during the trial phase. Second, a subsidy at the 
manufacturer level is visible only to that actor; therefore, 
to eliminate the subsidy during the scale- up, post- trial, 
involves only the manufacturer and does not affect other 
actors’ expectations in the newly established value- chain. 
This enabled eventual scale- up to proceed using the value- 
chain established and tested during the trial.

Intervention: market shaping, Kit Yamoyo and demand 
generation
Market shaping
Market shaping for health products helps to opti-
mise price, quality, design, and sustainable supply 
towards maximisation of public health impact. Typi-
cally, this involves ensuring continued availability and 

affordability of high- quality health products; acceler-
ating the adoption of new, more cost- effective prod-
ucts; preparing for country adoption and long- term 
market viability; and strengthening key foundational 
elements, such as regulatory policies.33 34 In this way, 
market- shaping interventions act on different aspects 
and stages of a product’s value- chain. In this case, 
market shaping included: (1) understanding customer 
needs and demands to support the design and devel-
opment of an innovative, desirable and affordable 
co- packaged ORS and zinc product; (2) establishing 
the steps in an end- to- end value- chain based on 
existing channels for FMCGs such as soft drinks; (3) 
establishing price points by working backwards from 
the target retail price of 5 Zambian Kwacha (ZMW) 
(~US$0.93), based on typical margins for FMCGs: 
19% at wholesale level and 35% at retail level and (4) 
demand- generation activities at the community level.

With regard to the cost to the consumer, while 
government clinics may offer medicines free of charge, 
caregivers often face other costs associated with travel-
ling to distant clinics. Real costs may include travel and 
subsistence; opportunity costs include taking time off 
work and the risks associated with treatment delay.35–37 
One rural Zambian study found that distance was a 
significant predictor of attendance for diarrhoea treat-
ment specifically.38 In addition to geographical access 
barriers, public sector facilities face regular stock outs 
of essential medicines like ORS and zinc. Thus, despite 
basic medicines being made available free of charge to 
patients as of 2006 in Zambia, essential and life- saving 
drugs were still widely unavailable in health facil-
ities.39 40 We postulated that a reduction in distance 
travelled would decrease opportunity costs, thus 
offering caregivers the option to pay an affordable 
price in the private sector. Furthermore, and specific 
to co- packaged ORS and zinc, it should be noted that 
in the market, evidence from numerous countries 
suggests that co- packs may be cheaper than ORS and 
zinc bought separately.41

Co-packaged ORS and zinc product: Kit Yamoyo
Branded as Kit Yamoyo (meaning ‘kit of life’ in 
various local languages), the co- packaged ORS and 
zinc product designed for the ColaLife trial included 
several innovative features, informed by a human- 
centred design process implemented through focus- 
group work with end- users and community- level 
retailers. These features were then incorporated in 
the final product design in close collaboration with 
a local pharmaceutical manufacturer in Lusaka and a 
UK- based packaging design company (figure 2). Our 
manufacturing partner showed a willingness to share 
the risk of developing a new ORSZ co- pack based on 
access to research findings and key design insights, total 
ownership of the intellectual property, shared initial 
production costs and a process focused on codevelop-
ment. The resulting product served as the foundation 

Figure 1 Simplified Kit Yamoyo value- chain.
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for the value- chain and exhibited the following unique 
features.

First, the product contained eight small sachets of 
low- osmolarity ORS, with each 4.12 g sachet formu-
lated to make 200 mL of solution. Normally, health 
centres provide one or two larger sachets of ORS, with 
each sachet containing sufficient ORS to make 1 L of 
solution, most of which would be wasted as it is more 
than a child aged <5 years typically consumes in 1 day. 
Moreover, ORS solution should be discarded within 
24 hours of preparation to avoid contamination, so 
multiple, smaller sachets are more appropriate for 
home- based treatment over several days.

Second, the co- packaging of ORS with zinc has 
previously been demonstrated to be an effective way 
to market and encourage the combined use of these 
products.42 43 Given the low coverage of zinc, a blister 
pack containing ten zinc sulphate tablets was co- pack-
aged with the ORS, along with pictographic instruc-
tions for preparing the ORS solution and to indicate 
the correct dosage of zinc. A small bar of hand soap 
was also included in the co- pack during the pilot, to 
reinforce the message of personal hygiene and preven-
tion, and also to make the kit more attractive.

Finally, our human- centred design process demon-
strated that most caregivers had no means of accurately 
measuring the appropriate volume of water required to 
mix the ORS, so the product packaging, which housed 
all of the contents of the kit, was designed to act as 
a measuring device to facilitate proper preparation, 
mixing and drinking of the ORS solution. The product 
container was marked to indicate the 200 mL of water 
required to prepare the ORS solution at the correct 
concentration. This container was also designed to 
fit in the empty spaces between the necks of crated 
bottles of Coca- Cola, to facilitate transport by private 
retailers, the providers of the co- pack at the commu-
nity level (figure 2).

Demand generation
For demand generation, approximately 30 existing 
community health workers (CHWs) in each of the 

two intervention districts were trained in the product- 
specific and general benefits of ORS and zinc, rein-
forcing their prior knowledge around definitions, 
appropriate treatment- seeking behaviour, signs and 
stages of dehydration, indications for referral, hand 
washing and other preventive behaviours. Ninety- six 
retailers (ie, 50 and 46 village shops in Kalomo and 
Katete, respectively) were similarly trained (training 
resources used are available here). CHWs promoted 
and demonstrated the ORSZ co- pack at community 
health centres and during outreach activities, distrib-
uted vouchers and referred customers to partici-
pating shops. Outreach activities included community 
events, plays, radio spots and caregiver testimonials. 
Retailers were provided with posters and encouraged 
to promote the ORSZ co- pack.

Project- trained wholesalers purchased ORSZ 
co- packs directly from the manufacturer. Orders were 
delivered by Medical Stores, the parastatal responsible 
for distributing public- sector drugs to the district level 
in Zambia. Retailers followed their usual patterns for 
FMCGs, purchasing kits from wholesalers located in 
district centres and transporting them to their shops, 
via their usual mode of transport (bicycle, public trans-
port, eg, minibus). These shops were the point- of- sale 
to caregivers. The recommended retail price, based on 
willingness- to- pay studies,32 was ZMW5.00 (~$0.93). 
Price points along the value- chain were recommended, 
not controlled.

In a reversal of conventional ‘cost- plus- pricing’, we 
deployed a ‘price- minus- costing’ (ie, target costing) 
approach.44 This involved determining the price points 
along the value- chain from the willingness- to- pay 
retail price and the margins expected by wholesalers 
and retailers. Using this approach, it was necessary to 
subsidise the ex- factory price (by 60%), to ensure that 
wholesalers and retailers made acceptable margins and 
that the product remained affordable to the majority 
of caregivers at the end of the value- chain. Economies 
of scale achieved during scale- up have subsequently 
removed the need for a subsidy.

Figure 2 The Kit Yamoyo anti- diarrhoea kit: co- packaged ORS and zinc, soap, and information leaflet. IEC, information, education, 
communication; ORS, oral rehydration salts.
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Use of vouchers
To generate the ‘pull’ required for private- sector 
distribution systems to work, strong demand for the 
product is required on the part of the customer, in this 
case caregivers. Such demand would normally be built 
up over several years and might involve promotions, 
such as discount vouchers, to encourage first- time use. 
Vouchers are an end of value- chain subsidy; such a 
subsidy increases demand and strengthens the value- 
chain without affecting the price points or processes 
within it.

Vouchers were deployed during the first 6 months 
of this study. These were given to caregivers during 
CHW demonstrations of the product to help kick- start 
demand. However, throughout the study, including 
during the first 6 months, caregivers also bought the 
kits using cash. Wholesalers and retailers bought and 
paid for the product in the usual way, in response to 
the demand for the kits.

The value of the vouchers was set at the level of 
the willingness- to- pay established during the pretrial, 
caregiver focus groups. During the first 6 months of 
the trial phase, CHWs activated 23 982 vouchers; of 
these, 10 415 were redeemed. Retailers could redeem 
vouchers using their mobile phone or by visiting the 
district project office. Over the 12 months of the trial, 
retailers bought 26 735 kits to sell in their communi-
ties and redeemed 10 415 vouchers, giving a ratio of 
cash sales to voucher sales of 61:39.

Study design
A 9- month consultation phase, which ranged from 
human- centred product design involving caregivers 
in rural Zambia, to establishing a steering committee 
made up of public and private stakeholders involved 
in diarrhoea control (chaired by the Ministry of 
Health), to developing a thorough understanding 
of the regulatory environment in Zambia for public 
health products, resulted in the development of an 
innovative, locally manufactured ORSZ co- pack45 and 
its mapped- out value- chain. A subsequent 12- month 
pilot study focused on the creation and activation of 
the value- chain, including continued market- shaping, 
using existing private- sector channels to facilitate 
availability of the ORSZ co- pack in two purposively 
selected, remote, rural intervention districts: Kalomo 
and Katete (figure 3).

Selection of districts
Selection criteria for the intervention districts included 
rurality (but within 1 day’s drive of Lusaka to enable 
effective trial management), mobile phone coverage 
(to support the extension- based retailer support 
system), high diarrhoea rates and an independent, 
general wholesaler interested in participating. Intro-
ductions to these were facilitated through The Coca- 
Cola Company’s local bottling partner, SABMiller, 

through an advisory, non- financial public- private part-
nership established for the purpose of this study.

The ORSZ co- pack was made available through 
independent, private sector, general retail shops 
located at the community level throughout the inter-
vention districts. Using a quasi- experimental pre–post 
test design, each intervention district (ie, Kalomo and 
Katete) in this observational study was matched with a 
comparator district (Monze and Petauke, respectively), 
giving two sets of intervention and comparator arms. 
Comparators were selected from the same province, 
sharing similarities with regard to rurality, livelihoods 
(predominantly agrarian), language/tribe, road inten-
sity, diarrhoea burden in children aged <5 years, 
education levels, age distribution of caregivers, and 
ORS and zinc coverage levels (table 1); and following 
substantial consultation with local partners who 
deemed the selected comparators to be most similar to 
the intervention districts. No intervention was made in 
comparator districts, which continued to have access 
to diarrhoea treatment almost exclusively through 
public- sector rural health centres. Historically, the 
retail pharmacy network in Zambia is poorly devel-
oped, with just 59 retail pharmacies country- wide, 
concentrated in urban centres, all but 19 in the capital, 
Lusaka.46 Access to ORS or zinc through the private 
sector was very limited in rural parts of the country. 
Where treatments were available in the private sector, 
these were typically limited to 1 L ORS sachets. There 
was no evidence of zinc (alone) or co- packaged ORS 
and zinc products being available on the market.

Outcomes
The primary outcome was coverage of ORS and zinc, 
defined as the proportion of children aged <5 years 
with diarrhoea in the previous 2 weeks who received 
ORS with zinc. Diarrhoea was defined as three or more 

Figure 3 Map of Zambia, intervention districts and matched 
comparator districts.
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loose or watery stools within a 24- hour period. Base-
line figures for zinc use were <1%, so we compared 
the difference in coverage proportions between each 
intervention and comparator arm at the endline only. 
In line with global reporting standards,47 the use of 
ORS and zinc was based on a caregiver reporting that a 
child with diarrhoea had received both medicines. The 
primary outcome was measured in a representative, 
repeated, cross- sectional survey (ie, different house-
holds at baseline and 1 year later at endline, following 
implementation of the trial). We also examined the 
difference in total ORS coverage (ie, with or without 
zinc) between intervention and comparator districts at 
baseline and endline. In addition, we assessed the shift 
from public- sector access of recommended treatment 
to private- sector access.

Study population and sample size
We conducted household surveys with primary care-
givers (mainly mothers) of children aged <5 years at 
baseline (August 2012, n=2458) and endline (August 
2013, n=2477). Rural sampling sites (12–15 sites per 
district) were defined by the presence of a community 
retailer (or a cluster of retailers) at the centre of the 
site. Each site served as an enumeration area and had a 
5 km radius, covering an area of 78.6 km2. The centre 

of each site was at least 10 km from a town. Retailers 
were identified in collaboration with the district’s 
municipal government during a prestudy survey that 
attempted to identify all rural retailers in the district.

Households were selected using a modified random- 
walk technique with probability proportional to 
population size (PPS) within each site.48 Population 
size per site was determined based on data provided 
by Zambia’s Central Statistics Office. The first house-
hold to be sampled was randomly selected along the 
site perimeter; subsequently, every third household 
was sampled to reduce clustering effects. In multi- 
family households with more than one eligible care-
giver, only one caregiver was selected for inclusion, 
and only primary caregivers aged 16 years or more 
were included. To eliminate intrahousehold correla-
tion, only one child per household was selected. In 
cases where there were multiple children aged <5 
years, caregivers were asked to base their responses 
on a child who had experienced diarrhoea within 
the 2 weeks preceding the survey. If multiple chil-
dren aged <5 years had experienced diarrhoea, the 
reference child was selected alphabetically. This was 
accounted for during analysis to avoid introducing 
bias in the calculation of diarrhoea prevalence.

Table 1 Characteristics of the intervention (Kalomo and Katete) and comparator districts (Monze and Petauke, respectively) at baseline, 
2012

Characteristic

Southern province Eastern province

Kalomo
(intervention) 
n=620

Monze
(comparator) 
n=611 P value*

Katete
(intervention) 
n=623

Petauke
(comparator) 
n=604 P value*

Mean age of respondent caregiver 30
SD: 10.1
n=619

30
SD: 9.9
n=610

0.439 29
SD: 8.2
n=611

29
SD: 8.8
n=587

0.569

Caregiver has above primary education (%) 12.9
SD=33.6
n=619

14.5
SD=35.2
n=608

0.540 4.0
SD=19.7
n=622

4.8
SD=21.5
n=600

0.421

Caregivers who cited diarrhoea as a main 
health issue of children aged <5 years in their 
community (%)

79.1
SD=40.7
n=620

82.0
SD=38.5
n=611

0.368 81.3
SD=39.0
n=623

79.5
SD=40.4
n=604

0.487

Caregivers who cited they typically accessed the 
public sector for ORS (%)

99.4
SD=9.3
n=456

99.7
SD=4.6
n=471

0.207 99.4
SD=7.6
n=514

99.5
SD=6.5
n=469

0.884

Proportion of households with diarrhoea in 
children aged <5 years in the previous 2 weeks 
(%)

37.1
SD=48.3
n=620

31.5
SD=46.6
n=611

0.189 39.3
SD=48.9
n=623

43.2
SD=49.6
n=604

0.100

Proportion of children aged <5 years with 
diarrhoea who used ORS plus zinc (%)

0.4
SD=6.6
n=230

0
n=194

0.358 0.4
SD=6.4
n=245

0
n=261

0.302

Proportion of children aged <5 years with 
diarrhoea who used ORS (with or without zinc) 
(%)

48.7
SD=50.1
n=230

62.9
SD=48.4
n=194

0.007 70.2
SD=45.8
n=245

69.0
SD=46.4
n=261

0.749

Mean reported distance to ORS access point 
(km) by those with a child who had diarrhoea in 
the preceding 2 weeks

8.5
SD=11.7
n=112

5.5
SD=10.5
n=122

0.110 4.9
SD=6.2
n=172

5.5
SD=4.4
n=180

0.479

Figures in bold font denote statistically significant values.
*P values are for the unadjusted ORs comparing matched districts and account for within- site correlation of outcomes for proportions; t- tests were used 
to compare means between matched districts.
ORS, oral rehydration salts.
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The surveys assessed the 2- week prevalence of 
diarrhoea, demographic characteristics, diarrhoea- 
treatment- seeking behaviour, and treatment use in 
children aged <5 years. Each survey took between 30 
and 60 min and was administered in the local language, 
using tablets loaded with Open Data Kit software, by 
project- trained, experienced, local enumerators.

Statistical analysis
There were no prior data available on zinc coverage 
(although anecdotally this was so low as to be almost 
negligible), so a sample size estimation was made prior 
to baseline to provide 80% power to detect a 20% 
difference in ORS use (with or without zinc), with a 
two- tailed alpha of 0.05. Assuming a 25% period prev-
alence of diarrhoea during the high- burden season49 
(which was confirmed to be valid during the base-
line assessment), a baseline treatment level of 60%,49 
(based on Zambia’s 2007 Demographic Health Survey 
(DHS)) and a design effect of 1.6 to account for the 
effect of clustering,50 the estimate was 568 households 
with children aged <5 years per study arm. This was 
rounded- up to 600 households. Therefore, across the 
four districts, 2400 household surveys were targeted.

Given that zinc coverage was <1% at baseline across 
all districts, evidence of the trial’s success or failure was 
determined by the difference in ORS and zinc coverage 
between the matched intervention and comparator 
districts at endline. The primary endpoint was calcu-
lated as the proportion of diarrhoea cases within the 
previous 2 weeks treated with ORS and zinc among 
children aged <5 years, expressed as a percentage per 
district. The effect of the intervention is the ‘delta’ of 
ORS and zinc treatment between each set of interven-
tion and comparator districts at endline. We used a 
generalised linear model with Poisson distribution to 
estimate the relative risk of combined ORS and zinc 
use.51 Variances of beta coefficients were adjusted for 
within- site correlation (table 2).

To assess the impact of the trial on ORS coverage 
(with or without zinc), a secondary, difference- in- 
differences (DiD) analysis was performed to compare 
preintervention and postintervention levels of ORS 
use (table 3). As zinc use was close to nil at baseline, a 
DiD analysis to test the change in combination therapy 
(ORS and zinc) was deemed inappropriate. One of 
the key advantages of the DiD approach is that base-
line characteristics, including levels of the outcome 
of interest, do not need to be comparable at baseline, 
as the method compares differences over time in the 
treatment group to those in the comparator.52

The Wald test for the interaction term from this 
model shows whether there is a statistically significant 
difference between odds ratios (ORs) in the interven-
tion versus comparator districts (ie, DiD analysis). In 
addition, we present the DiD estimator53 for each set 
of intervention and comparator districts, as well as a 
pooled analysis, which compares outcomes across both 
intervention districts combined and both compar-
ator districts combined. Logistic regression with time 
(preintervention vs postintervention), study arm (inter-
vention vs comparator), and their interactions was 
used to assess the ORs for ORS use comparing inter-
vention verus comparator districts (table 4). Robust 

Table 2 Risk ratio for utilising ORS with zinc in the intervention 
(Kalomo and Katete) versus comparator districts (Monze and 
Petauke, respectively) at endline, 2013

Characteristic

GLM results

Risk ratio
(95% CI)* P value

Kalomo (intervention) versus Monze 
(comparator)
(n=348)

27.0 (10.6 to 69.1) 0.000

Katete (intervention) versus Petauke 
(comparator)
(n=356)

75.2 (10.3 to 547.7) 0.000

Figures in bold font denote statistically significant values.
*GLM with Poisson distribution to estimate relative risk; adjusted for 
within- site correlation using the robust variance estimate.
GLM, generalised linear model; ORS, oral rehydration salts.

Table 3 Difference- in- differences (DiD) analysis for the effect of emulating private- sector value- chains on the utilisation of ORS (with or 
without zinc) in rural Zambia, 2012–2013

Baseline Endline Difference DiD P value

Intervention (Kalomo) 48.7 81.1 32.4
Comparator (Monze) 62.9 54.9 −8.0
Difference −14.2** 26.2*** 40.4 0.000***
Intervention (Katete) 70.2 71.1 0.9
Comparator (Petauke) 69.0 61.7 −7.3
Difference 1.2 9.4* 8.2 0.178
Intervention (Pooled) 59.8 76.4 16.6
Comparator (Pooled) 66.4 58.2 −8.2
Difference −6.6* 18.2*** 24.8 0.000***
P values are for the Wald test, based on linear regression.
*P<0.05, **p<0.01, ***p<0.001.
ORS, oral rehydration salts.
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variance estimation was used to account for within- site 
correlations of outcomes.54–56 Data on key social and 
demographic characteristics are also presented to show 
the comparability of the intervention and comparator 
districts over time (baseline vs endline) (tables 1 and 
5). All analyses were conducted using STATA V.13.

Informed consent was obtained from all respondents 
prior to survey administration through signature or 
other marking. In Zambia, the age of consent is 16.57 
Assent was obtained for caregivers under the age of 

16, with consent provided by their spouse or legal 
guardian.

RESULTS
The surveys sought comparability between inter-
vention and comparator districts at baseline, across 
various diarrhoea- related variables (table 1). No signif-
icant differences across these variables were noted 
between intervention and comparator districts, other 
than baseline coverage of ORS between Kalomo and 

Table 4 Impact of emulating private- sector value- chains: difference and change in use of ORS among intervention and comparator site 
households, rural Zambia, 2012–2013

Comparison
OR
(95% CI) P value

Intervention (Kalomo) versus comparator (Monze) at baseline 0.56 (0.37 to 0.85) 0.006
Intervention (Kalomo) versus comparator (Monze) at endline 3.67 (1.77 to 7.61) 0.000
Intervention (Kalomo) endline versus baseline 4.71 (2.68 to 8.26) 0.000
Comparator (Monze) endline versus baseline 0.72 (0.43 to 1.19) 0.200
Time by study- arm interaction 6.55 (2.96 to 14.49) 0.000
Intervention (Katete) versus comparator (Petauke) at baseline 1.06 (0.74 to 1.52) 0.749
Intervention (Katete) versus comparator (Petauke) at endline 1.57 (0.78 to 3.15) 0.208
Intervention (Katete) endline versus baseline 1.07 (0.65 to 1.78) 0.787
Comparator (Petauke) endline versus baseline 0.73 (0.46 to 1.15) 0.173
Time by study- arm interaction 1.48 (0.69 to 3.17) 0.317
Adjusted for within- site correlation using the robust variance estimate.
Figures in bold font denote statistically significant values.
ORS, oral rehydration salts.

Table 5 Diarrhoea prevalence, ORS and zinc coverage, ORS coverage, and ORS source in the intervention (Kalomo and Katete) versus 
comparator districts (Monze and Petauke, respectively) at endline, 2013

Characteristic

Southern province Eastern province

Kalomo
(intervention) n=614

Monze
(comparator) n=604 P value*

Katete
(intervention) n=626

Petauke
(comparator) n=633 P value*

Proportion of 
households with 
children aged <5 
years who had 
diarrhoea in the 
previous 2 weeks (%)

28.5
SD=45.1
n=614

28.6
SD=45.2
n=604

0.967 31.0
SD=46.2
n=626

25.6
SD=43.7
n=633

0.084

ORS with zinc use 
in children aged <5 
years with diarrhoea 
(%)

46.9
SD=50.0
n=175

1.7
SD=13.1
n=173

<0.001 46.3
SD=49.9
n=194

0.6
SD=7.9
n=162

<0.001

Proportion of children 
aged <5 years with 
diarrhoea who used 
ORS (with or without 
zinc) (%)

81.1
SD=38.8
n=175

54.9
SD=49.9
n=173

<0.001 71.1
SD=45.2
n=194

61.7
SD=48.8
n=162

0.224

Caregivers with 
children aged <5 
years who had 
diarrhoea in the 2 
weeks preceding the 
survey who obtained 
ORS from the public 
sector (%)

40.1
SD=49.2
n=142

96.8
SD=17.9
n=95

<0.001 34.1
SD=47.6
n=138

99.0
SD=10
n=100

<0.001

Figures in bold font denote statistically significant values.
*P values are for the unadjusted risk ratio comparing matched districts and account for within- site correlation of outcomes for proportions.
ORS, oral rehydration salts.
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Monze. There was a statistically significant higher level 
of ORS use (with or without zinc) in Monze (62.9%) 
compared with Kalomo (48.7%) (p=0.007) prior to 
the intervention.

The difference between intervention and compar-
ator districts at endline is shown in table 5. Other than 
the distance to a treatment access point, none of the 
baseline characteristics presented in table 1, and not 
reflected in table 5, showed any significant change. 
At baseline, almost all ORS access was via the public 
sector in all districts, while the use of zinc with ORS 
was <1%. Due to the shift in the point of access, 
from the public to the private sector (as demonstrated 
by the proportion of caregivers who obtained ORS 
from the public sector), the mean distance to access 
ORS decreased for those using the ORSZ co- pack. 
The reduction found in the intervention districts was 
assessed by comparing the distance travelled to the 
nearest health centre within the intervention districts 
at baseline with the distance travelled to the nearest 
shop selling the ORSZ co- pack at endline. The average 
distance travelled decreased from 8.5 to 3.3 km in 
Kalomo and from 4.9 to 1.8 km in Katete.

Our primary analysis showed that both intervention 
districts had significant increases in the use of ORS 
with zinc, to 46.9% and 46.3% in Kalomo and Katete, 
respectively, while utilisation in the comparator 
districts remained very low, staying similar to baseline 
levels (table 5, figure 4), at 1.7% and 0.6% in Monze 
and Petauke, respectively. The unadjusted risk ratio 
(RR) for utilisation of ORS with zinc when comparing 
Kalomo with Monze was 27.0 (95% CI 10.6 to 69.1, 
p<0.001). The unadjusted RR for utilisation of ORS 
with zinc when comparing Katete with Petauke was 
75.2 (95% CI 10.3 to 547.7, p<0.001) (table 2).

Our secondary analysis used a DiD approach to 
compare the change in total ORS use (with or without 
zinc) between baseline and endline, in the interven-
tion versus comparison districts. The DiD analysis 
is summarised in table 3. It shows the proportion of 
children aged <5 years who were given ORS in each 
district at both baseline and endline, the differences 
between each set of intervention and comparator 
during the preperiod- and postperiod, and provides 
the DiD estimator. The application of a DiD esti-
mator permitted isolation of the effect of the overall 
approach within our quasi- experimental design. The 
analysis indicated that the intervention was associated 
with a significant overall increase in the use of ORS in 
the intervention district of Kalomo compared with its 
comparator, Monze, with a DiD estimator representing 
a 40% increase in ORS coverage (p<0.001). The odds 
of ORS use were 3.67 times higher (95% CI 1.77 to 
7.61, p<0.001) in Kalomo than in Monze at endline, 
whereas they were significantly lower at baseline (OR 
0.56, 95% CI 0.37 to 0.85, p=0.006) (table 4). The 
Wald test for the interaction term (time by study- arm) 
from this model (table 4) verified the significance of 
the estimator in table 3 and confirmed the significant 
difference between ORs in Kalomo vs Monze.

With reference to the second intervention district 
(Katete) and its comparator (Petauke), the DiD analysis 
found a non- significant DiD estimator, representing 
just an 8.2% increase in ORS coverage (p=0.178) 
(table 3). The odds of ORS use were not significantly 
different in Katete compared with Petauke at either 
baseline (OR 1.06; 95% CI 0.74 to 1.52; p=0.749) 
or endline (OR 1.57; 95% CI 0.78 to 3.15; p=0.208), 
with the proportion of ORS use staying relatively the 
same in Katete and decreasing in Petauke, although this 

Figure 4 Coverage of recommended treatments for children with diarrhoea in the previous 2 weeks, baseline versus endline and 
intervention districts versus comparator districts. ORS, oral rehydration salts.
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decrease was not statistically significant. ORS use was 
already relatively high at baseline in these districts and 
no major increase in ORS use was observed, although 
a shift in point of access and towards increased use 
of the combined ORS and zinc therapy was observed. 
Within each district, the odds of ORS use comparing 
baseline with endline were only significantly greater 
in Kalomo, postintervention (OR 4.71, 95% CI 2.68 
to 8.26, p<0.001), while the odds of use remained 
similar in Katete (OR 1.07, 95% CI: 0.65 to 1.78, 
p=0.787) and decreased, although not significantly, in 
both comparators (table 4).

With regard to ORS access, there was a clear shift 
to the private sector, and specifically to the use of the 
ORSZ co- pack. The proportion of ORS users who 
obtained ORS from the public sector decreased from 
close to 100% (table 1) to 40.1% and 34.1% in Kalomo 
and Katete, respectively, while ORS continued to be 
sourced solely from the public sector in both compar-
ator districts (table 5). This represented a significant 
shift from the public to the private sector in the inter-
vention districts of 60% and 66% in Kalomo and 
Katete, respectively, which may reduce some of the 
burden on the public health system. A decrease from 
baseline was also seen in the household prevalence of 
diarrhoea across all districts; however, there was no 
significant difference between the paired intervention 
and comparator districts.

DISCUSSION
The science of applying business principles to global 
health is evolving. Here, we have provided evidence 
that by emulating private- sector value- chains of 
FMCGs and applying the lessons learnt to the intro-
duction of an innovative ORSZ co- pack, a significant 
increase in coverage of ORS and zinc at the community 
level can be achieved. The creation of the value- chain 
for the ORSZ co- pack comprised three core pillars. 
The first pillar involved the concurrent development 
of a public health commodity, based on human- centred 
design,45 with its value- chain (ie, simultaneous consid-
eration of both supply and demand elements of access). 
The second pillar involved tapping into existing, local 
networks of private- sector actors, including a local 
manufacturer, district- level general wholesalers and 
community- level general retailers, all of whom made a 
gross margin from selling the product. The third pillar 
focused on demand- generation activities, including 
social marketing (radio, posters, community events, 
plays, testimonials, etc), working with regional health 
centres and CHWs, training retailers and CHWs, and 
targeted distribution of vouchers.

These pillars were enabled by drawing on relevant 
expertise and establishing partnerships across existing 
organisations and sectors to generate maximum value. 
In this way, the value- chain concept adopts a systems 
approach to inherently address the core barriers to 

reducing childhood deaths from diarrhoea, namely 
access, production, distribution and promotion.16

Our intervention proved feasible in multiple rural 
communities in two distinct geographical areas, that 
is, the southern and eastern provinces of Zambia. 
Given that 60.5% of the Zambian population lives in 
rural areas,58 we consider that the gains in ORS and 
zinc coverage observed in our study likely translated 
to subnational reductions in childhood morbidity and 
mortality following the subsequent national scale- up 
of the model via private and public channels. This 
trial also informed design modifications to the ORSZ 
co- pack, which, together with economies of scale, elim-
inated the need to subsidise the ex- factory price of the 
product. The experience of this trial led the Ministry 
of Health in Zambia to add co- packaged ORS and zinc 
to the national Essential Medicines List. This led to the 
production of a government- branded version of the 
co- pack, which is now distributed via health centres. 
According to the most recent DHS, 2018, 67% of chil-
dren with diarrhoea received ORS from a sachet, and 
34% received a combination of ORS and zinc.59

Integrated community case management (iCCM) 
is an alternative strategy for delivering ORS and zinc 
to remote, hard to reach communities; however, we 
observed little evidence of iCCM, and by 2016, 3 years 
after the ColaLife trial concluded, just 15% and 5% of 
iCCM zinc commodities ordered in the intervention 
and control districts, respectively, had been received.60 
No effect of iCCM on the proportion of children 
appropriately treated for diarrhoea was noted, and 
thus iCCM is not considered to have been a potential 
confounder.

It should be noted that the effects on ORS and zinc 
coverage were mostly driven by an increase in zinc use, 
completely so in Katete. Zinc was essentially introduced 
as a new product, whereas ORS may have already been 
experiencing some ceiling effects, hence little change 
in Katete between the baseline and endline. New prod-
ucts have different behavioural change implications to 
those of existing products, and ORS use was already 
quite high at baseline (eg, 70.2% in Katete).

Previous research has demonstrated that optimal 
treatment with ORS and zinc, as facilitated here by the 
innovative design of our ORSZ co- pack and establish-
ment of its value- chain, is associated with reductions 
in the inappropriate use of antibiotics and intrave-
nous fluids to treat diarrhoea.42 61–64 Estimates suggest 
that if universal coverage of ORS and zinc combina-
tion therapy were achieved, 75% of diarrhoea- related 
deaths could be averted.16 65 The introduction of 
co- packaged ORS and zinc has been recommended 
as a promising strategy for scaling up the use of these 
interventions.3 15 16 66 Other studies have also demon-
strated the advantages of co- packaging ORS and zinc 
in both public and private settings, including improved 
marketing and use of the combined therapy, reduced 
diarrhoea burden, fewer hospitalisations and reduced 
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antibiotic use.42 61 67 68 Subsequent to this trial, and 
based on some of its evidence, WHO amended its 
model Essential Medicines List in 2019 to specify 
co- packaged ORS and zinc for the treatment of child-
hood diarrhoea.15

Vouchers kick- started the value- chain by ensuring 
initial demand from caregivers and helped provide 
retailers with the confidence to purchase the new kits 
from wholesalers and bring the kits into their commu-
nities. It also allowed caregivers to try a new product 
without having to pay for it, thus helping to create a 
sense of value around the product. In addition, the 
perceived commercial risk associated with entering the 
market for low- cost public health products can deter 
potential manufacturers. Vouchers represent an effec-
tive means to entice new entrants by building market 
demand and allowing the product to gain traction; 
they can achieve this without distorting the value- 
chain. Rather, they strengthen it, by putting value 
in the hands of the customer. This has the effect of 
strengthening existing distribution channels rather 
than undermining them. Public funds can be impactful 
in facilitating these types of market- shaping initiatives, 
as well as the associated research and development 
that is necessary, prior to transferring full ownership 
of the value- chain to the private sector for long- term 
sustainability.

Limitations
Our study had several limitations. While the use of 
vouchers perhaps makes it more difficult to assess 
whether a purely private- sector approach was respon-
sible for the increase in coverage (ie, the value- chain 
approach described minus the vouchers) or whether 
the increase was driven by a shop- based, voucher- 
enabled subsidy, what is clear is that emulation of a 
value- chain approach can move a product from point 
A to a rural point B. We can also be confident that 
if, within the context of an established value- chain, 
governments or donors were to subsidise the ex- fac-
tory cost of commercial ORSZ co- packs and make 
them available through local, rural retailers, coverage 
of the recommended combination therapy is likely to 
increase.

The intensity of community engagement differed 
between the two intervention districts, which may 
have affected the levels of uptake across the interven-
tion districts. From April to September 2013, there 
were 1195 promotional events held, 68% and 32% in 
Kalomo and Katete, respectively. While promotion in 
Katete was initially stronger, over the longer- term the 
Kalomo field staff were more effective both in terms 
of messaging and post- March 2013 sales support, 
following the cessation of voucher distribution. This 
may account for some of the variability in effects seen in 
the two intervention districts, particularly with regard 
to ORS use with or without zinc, which increased in 
Kalomo while remaining relatively constant in Katete.

While our study design could not disaggregate which 
component(s) of the model contributed most to the 
increased uptake of ORS and zinc and which should 
be improved or removed, this type of systems package 
of interventions has a theoretical basis for being 
stronger than its component parts.69 Recent research 
focused on improving access to diarrhoea treatments 
in Nigeria, for example, also found that shaping the 
market system for ORS and zinc was effective in 
equitably improving coverage of the combination 
therapy.70 Future research may be conducted to assess 
the specific contributions of individual components of 
such an approach. This might include, for example, 
comparing and contrasting the most cost- effective 
methods for generating (and sustaining) demand for a 
newly introduced health commodity in rural markets 
(eg, vouchers vs other mechanisms). However, lending 
strength to previous recommendations,16 it is clear 
that simultaneous stimulation of supply and demand, 
with coordinated marketing campaigns and while 
supporting existing manufacturers and distributors, 
can indeed help to ensure widespread availability and 
use. Existing networks of private- sector players (eg, 
wholesalers, community- level retailers) can be lever-
aged and trained to provide access to basic health 
commodities at the community level. These secondary 
distribution channels, beyond district towns, already 
exist and can help overcome distribution bottlenecks 
seen in the public sector. For this trial, we contracted 
Medical Stores, on commercial terms, to distribute the 
product to district- level wholesalers; however, this 
function could be filled by any number of distribution 
partners. Also, while this study focused on rural sites, 
similar issues around access to and use of ORS and zinc 
also occur in urban areas of Zambia.

Introducing complementary points of access to the 
public sector can serve to improve community case 
management of diarrhoea at the household level. 
However, to assess progress/success in the manage-
ment of diarrhoea, there is a need to go beyond ORS 
and zinc coverage data. Additional research is needed 
around the detailed and rational use of ORS and zinc 
at the household level. This would include various 
factors, including whether ORS is correctly prepared 
and used. These aspects will be explored further in a 
subsequent publication. Other important elements of 
the model should be evaluated from a process perspec-
tive. With obvious implications for feasibility and 
sustainability, these include the quality of information/
services provided by general, commercial retailers; 
the role of project management to catalyse the value- 
chain; and consideration of enabling factors, such as 
support of private- sector initiatives by national author-
ities and the cooperation and capacity of local private- 
sector manufacturers (especially if local production is 
emphasised). Gaining greater insights into the role such 
factors play in contributing to the overall value of this 
type of ‘total- market approach’ will be important for 
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any future adaptations of the model. It would also be 
helpful to analyse the impact of the ORSZ co- pack on 
household- level costs and conduct a cost- effectiveness 
analysis.

In conclusion, limited access to ORS and zinc, the 
globally recommended treatment for diarrhoea in chil-
dren aged <5 years, remains a problem in LMICs. This 
study tested an approach including the creation of a 
value- chain to introduce a co- pack containing ORS 
and zinc for diarrhoea treatment in rural Zambia. Each 
phase of the study is presented in detail, including the 
full chain of activities relating to the introduction of 
the ORSZ co- pack. The implementation of this inno-
vative approach improved the coverage of ORS and 
zinc providing a feasible approach to contribute to 
the reduction of child deaths from diarrhoea in rural 
Zambia and communities across the world with similar 
conditions. By employing techniques used for the 
development and distribution of FMCGs, primarily 
appropriate product- design coupled with value- chain 
creation, the private sector can be engaged to mark-
edly improve ORS and zinc coverage at the community 
level.

Twitter Rohit Ramchandani @DrRRamchandani

Acknowledgements We would like to extend our thanks to all 
participants and partners who contributed to this study. We would 
also like to acknowledge advisory support provided by William 
Brieger, Gayane Yenokyan and Beth- Anne Pratt. Editorial support, 
according to Good Publication Practice guidelines, was provided by 
Adam Bodley.

Contributors RR, SB and JB conceived and designed the study. 
SB, JB and RR were responsible for the design, coordination and 
implementation (in collaboration with partners including the 
Ministry of Health, Pharmanova, UNICEF, Medical Stores, SAB 
Miller, PI Global, etc) of technical aspects of the trial, including 
the ORS and zinc co- pack (Kit Yamoyo). RR and ST were co- PI’s 
and led the data- collection and fieldwork for the household 
surveys. RR performed the analyses and wrote the first draft of 
the manuscript. REB reviewed the manuscript and served as an 
ongoing advisor to RR. All authors contributed to the revision 
of the manuscript and have approved the final version to be 
published.

Funding Funding for this work was provided by the UK’s Foreign, 
Commonwealth & Development Office (FCDO; UK Aid; formerly 
DFID), Johnson and Johnson Corporate Citizenship Trust, and 
Grand Challenges Canada.

Disclaimer The authors alone are responsible for the views 
expressed in this article, and they do not necessarily represent the 
decisions or policies of PAHO or TDR. In any reproduction of 
this article there should not be any suggestion that PAHO or TDR 
endorse any specific organisation services or products.

Map disclaimer The inclusion of any map (including the 
depiction of any boundaries therein), or of any geographic or 
locational reference, does not imply the expression of any opinion 
whatsoever on the part of BMJ concerning the legal status of any 
country, territory, jurisdiction or area or of its authorities. Any such 
expression remains solely that of the relevant source and is not 
endorsed by BMJ. Maps are provided without any warranty of any 
kind, either express or implied.

Competing interests SB and JB are co- Founders of ColaLife, a not- 
for- profit UK charity set- up solely for the purpose of conducting 
this global health innovation work. RR served as Public Health 
Advisor and Principal Investigator for ColaLife.

Patient and public involvement Patients and/or the public were 
involved in the design, or conduct, or reporting, or dissemination 

plans of this research. Refer to the Methods section for further 
details.

Patient consent for publication Not applicable.

Ethics approval Implementation of the project was authorised 
by national and district government health administrations and 
through local chiefs. Ethics approval was obtained from ERES 
Converge in Zambia (IRB No. 00005948; Ref. No. 2012- Jun- 002), 
with approval for secondary analysis from the Johns Hopkins 
Bloomberg School of Public Health Institutional Review Board.

Provenance and peer review Not commissioned; externally peer 
reviewed.

Data availability statement Data are available on reasonable 
request. Deidentified household survey data from the ColaLife 
Operational Trial Zambia (COTZ) are available upon request from 
ColaLife, UK charity number 1142516.

Open access This is an open access article distributed in accordance 
with the Creative Commons Attribution Non Commercial (CC BY- 
NC 4.0) license, which permits others to distribute, remix, adapt, 
build upon this work non- commercially, and license their derivative 
works on different terms, provided the original work is properly 
cited, appropriate credit is given, any changes made indicated, 
and the use is non- commercial. See: http://creativecommons.org/ 
licenses/by-nc/4.0/.

ORCID iD
Rohit Ramchandani http://orcid.org/0000-0003-4111-7670

REFERENCES
 1 Walker CLF, Rudan I, Liu L, et al. Global burden of childhood 

pneumonia and diarrhoea. Lancet 2013;381:1405–16.
 2 Sabot O, Schroder K, Yamey G, et al. Scaling up oral 

rehydration salts and zinc for the treatment of diarrhoea. BMJ 
2012;344:e940.

 3 UNICEF WHO. Diarrhoea: why children are still dying and 
what can be done. New York. USA: UNICEF/WHO, 2009.

 4 Liu L, Oza S, Hogan D, et al. Global, regional, and national 
causes of under- 5 mortality in 2000- 15: an updated systematic 
analysis with implications for the sustainable development 
goals. Lancet 2016;388:3027–35.

 5 Liu L, Oza S, Hogan D, et al. Global, regional, and national 
causes of child mortality in 2000- 13, with projections to 
inform post- 2015 priorities: an updated systematic analysis. 
Lancet 2015;385:430–40.

 6 GBD 2019 Under- 5 Mortality Collaborators. Global, regional, 
and national progress towards sustainable development goal 
3.2 for neonatal and child health: all- cause and cause- specific 
mortality findings from the global burden of disease study 
2019. Lancet 2021;398:870–905.

 7 World Health Organization. World health statistics 2015. 
Geneva, Switzerland: World Health Organization, 2015.

 8 Chisenga CC, Bosomprah S, Makabilo Laban N, et al. 
vAetiology of diarrhoea in children under five in Zambia 
detected using Luminex xTAG gastrointestinal pathogen panel. 
Pediatr Infect Dis 2018;03:8.

 9 GBD 2016 Diarrhoeal Disease Collaborators. Estimates of 
the global, regional, and national morbidity, mortality, and 
aetiologies of diarrhoea in 195 countries: a systematic analysis 
for the global burden of disease study 2016. Lancet Infect Dis 
2018;18:1211–28.

 10 Fischer Walker CL, Fontaine O, Young MW, et al. Zinc and low 
osmolarity oral rehydration salts for diarrhoea: a renewed call 
to action. Bull World Health Organ 2009;87:780–6.

 11 Bhandari N, Mazumder S, Taneja S, et al. Effectiveness of zinc 
supplementation plus oral rehydration salts compared with 
oral rehydration salts alone as a treatment for acute diarrhea 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://innovations.bm

j.com
/

B
M

J Innov: first published as 10.1136/bm
jinnov-2021-000914 on 6 June 2022. D

ow
nloaded from

 

https://twitter.com/DrRRamchandani
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4111-7670
http://dx.doi.org/10.1016/S0140-6736(13)60222-6
http://dx.doi.org/10.1136/bmj.e940
http://dx.doi.org/10.1016/S0140-6736(16)31593-8
http://dx.doi.org/10.1016/S0140-6736(14)61698-6
http://dx.doi.org/10.1016/S0140-6736(21)01207-1
http://dx.doi.org/10.21767/2573-0282.100064
http://dx.doi.org/10.1016/S1473-3099(18)30362-1
http://dx.doi.org/10.2471/blt.08.058990
http://innovations.bmj.com/


181Ramchandani R, et al. BMJ Innov 2022;8:169–182. doi:10.1136/bmjinnov-2021-000914

Processes and systems

in a primary care setting: a cluster randomized trial. Pediatrics 
2008;121:e1279–85.

 12 Awasthi S, INCLEN Childnet Zinc Effectiveness for Diarrhea 
(IC- ZED) Group. Zinc supplementation in acute diarrhea 
is acceptable, does not interfere with oral rehydration, and 
reduces the use of other medications: a randomized trial in five 
countries. J Pediatr Gastroenterol Nutr 2006;42:300–5.

 13 World Health Organization, UNICEF. Oral rehydration salts: 
production of the new ORS. Geneva, Switzerland: World 
Health Organization, 2006.

 14 World Health Organization, UNICEF. WHO/UNICEF joint 
statement: clinical management of acute diarrhoea. Geneva: 
World Health Organization, 2011.

 15 PATH. Path applauds recognition for frontline treatment of 
childhood diarrheal disease by the world Health organization: 
path, 2019. Available: https://www.path.org/media-center/path- 
applauds-recognition-frontline-treatment-childhood-diarrheal- 
disease-world-health-organization/ [Accessed 23 Sep 2021].

 16 Gill CJ, Young M, Schroder K, et al. Bottlenecks, barriers, and 
solutions: results from multicountry consultations focused 
on reduction of childhood pneumonia and diarrhoea deaths. 
Lancet 2013;381:1487–98.

 17 Lenters LM, Das JK, Bhutta ZA. Systematic review of strategies 
to increase use of oral rehydration solution at the household 
level. BMC Public Health 2013;13 Suppl 3:S28.

 18 Countdown to 2030 Collaboration. Countdown to 2030: 
tracking progress towards universal coverage for reproductive, 
maternal, newborn, and child health. Lancet 2018;391:1538–
48.

 19 Zambia Central Statistical Office, Zambia Ministry of Health, 
International I. Zambia demographic and health survey 2013- 
14. Rockville, Maryland, USA: Central Statistical Office, 
Ministry of Health, and ICF International, 2014.

 20 Yadav P. Health product supply chains in developing countries: 
diagnosis of the root causes of Underperformance and an 
agenda for reform. Health Syst Reform 2015;1:142–54.

 21 Vledder M, Friedman JA, Sjöblom M. Optimal supply 
chain structure for distributing essential drugs in low income 
countries: results from a randomized experiment (March 1, 
2015): Ross school of business, 2015.

 22 Zipursky A, Wazny K, Black R, et al. Global action plan for 
childhood diarrhoea: developing research priorities: report 
from a workshop of the programme for global paediatric 
research. J Glob Health 2013;3:010406.

 23 Republic of Zambia Ministry of Health. National health 
strategic plan 2011- 2015. Lusaka, Zambia: Republic of Zambia 
Ministry of Health, 2011.

 24 Gupta S, Brazier AKM, Lowe NM. Zinc deficiency in low- 
and middle- income countries: prevalence and approaches for 
mitigation. J Hum Nutr Diet 2020;33:624–43.

 25 Mohamed SOO, Alawad MOA, Ahmed AAM, et al. Access 
to oral rehydration solution and zinc supplementation for 
treatment of childhood diarrhoeal diseases in Sudan. BMC Res 
Notes 2020;13:427.

 26 Greenland K, Chipungu J, Chilengi R, et al. Theory- based 
formative research on oral rehydration salts and zinc use in 
Lusaka, Zambia. BMC Public Health 2016;16:312.

 27 Tardi C. Value chain: Investopedia, 2020. Available: https://
www.investopedia.com/terms/v/valuechain.asp [Accessed 
05/04/2021].

 28 Ramchandani R, Kazatchkine M, Liu J, et al. Vaccines, 
therapeutics, and diagnostics for covid- 19: redesigning systems 
to improve pandemic response. BMJ 2021;375:e067488.

 29 Feller A, Shunk D, Callarman T. Value Chains Versus Supply 
Chains. Business Process Trends, 2006: 1–7.

 30 Burns LR. The health care value chain: producers, purchasers, 
and providers. San Francisco:, USA: Jossey- Bass, 2002.

 31 World Health Organization,, UNICEF. Diarrhoea: why children 
are still dying and what can be done. Geneva: World Health 
Organization, 2009.

 32 IDInsight. Mapping the kit Yamoyo demand curve, 2013. 
Available: https://www.colalife.org/wp-content/uploads/2021/ 
11/00-Rural-Demand-for-Kit-Yamoyo-Final-Report-12-Nov-13- 
IDinsight.pdf [Accessed 2021/12/03].

 33 USAID Center for Accelerating Innovation and Impact. 
Healthy markets for global health: a market shaping primer: 
USAID center for accelerating innovation and impact, 2014.

 34 The Global Fund. Market shaping strategy: the global fund, 
2012.

 35 Kaiser JL, McGlasson KL, Rockers PC, et al. Out- Of- Pocket 
expenditure for home and facility- based delivery among rural 
women in Zambia: a mixed- methods, cross- sectional study. Int 
J Womens Health 2019;11:411–30.

 36 Masiye F, Kaonga O. Determinants of healthcare utilisation 
and out- of- pocket payments in the context of free public 
primary healthcare in Zambia. Int J Health Policy Manag 
2016;5:693–703.

 37 Gabrysch S, Campbell OMR. Still too far to walk: literature 
review of the determinants of delivery service use. BMC 
Pregnancy Childbirth 2009;9:34.

 38 Chatt C, Roberts L. Access to, and the delivery of, free 
healthcare in Kanakantapa, rural Zambia. Afr J Health Sci 
2010;17:15–25.

 39 Masiye F, Chitah BM, McIntyre D. From targeted exemptions 
to user fee abolition in health care: experience from rural 
Zambia. Soc Sci Med 2010;71:743–50.

 40 Picazo O, Zhao F. Zambia health sector public expenditure 
review. Washington, DC: The World Bank Group, 2008.

 41 ORS and Zinc Co- Pack Alliance. Data and evidence: cost 
of co- packaged ORS and zinc United Kingdom: ORSZCA, 
2022. Available: https://orszco-pack.org/data-evidence/#cost 
[Accessed 13 April 2022].

 42 Borapich D, Warsh M. Improving child health in Cambodia: 
social marketing of diarrhea treatment kit, results of a pilot 
project. Cases in Public Health Communication & Marketing 
2010;4:4–22.

 43 MacDonald V, Banke K, Rakotonirina N. A public- private 
partnership for the introduction of zinc for diarrhea treatment 
in Benin results and lessons learned. country brief. Bethesda, 
MD, USA: Abt Associates Inc. and Population Services 
International, 2010.

 44 Irianto D. Collaborative manufacturing for Small- Medium 
Enterprises. IOP Conf Ser Mater Sci Eng 2016;114:012050.

 45 Ramchandani R. Emulating commercial private- sector Value- 
Chains to improve access to ORS and zinc in rural Zambia: 
evaluation of the ColaLife trial (doctoral dissertation. Johns 
Hopkins University Bloomberg School of Public Health, 2016.

 46 Ballou- Aares D, Freitas A, Kopczak LR. Private sector role in 
health supply chains: review of the role and potential for private 
sector engagement in developing country health supply chains 
- final report: Dalberg, Rockefeller Foundation, MIT Zargoza, 
2008.

 47 Fischer Walker CL, Fontaine O, Black RE. Measuring coverage 
in MNCH: current indicators for measuring coverage of 
diarrhea treatment interventions and opportunities for 
improvement. PLoS Med 2013;10:e1001385.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://innovations.bm

j.com
/

B
M

J Innov: first published as 10.1136/bm
jinnov-2021-000914 on 6 June 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1542/peds.2007-1939
http://dx.doi.org/10.1097/01.mpg.0000189340.00516.30
https://www.path.org/media-center/path-applauds-recognition-frontline-treatment-childhood-diarrheal-disease-world-health-organization/
https://www.path.org/media-center/path-applauds-recognition-frontline-treatment-childhood-diarrheal-disease-world-health-organization/
https://www.path.org/media-center/path-applauds-recognition-frontline-treatment-childhood-diarrheal-disease-world-health-organization/
http://dx.doi.org/10.1016/S0140-6736(13)60314-1
http://dx.doi.org/10.1186/1471-2458-13-S3-S28
http://dx.doi.org/10.1016/S0140-6736(18)30104-1
http://dx.doi.org/10.4161/23288604.2014.968005
http://dx.doi.org/10.7189/jogh.03.010406
http://dx.doi.org/10.1111/jhn.12791
http://dx.doi.org/10.1186/s13104-020-05268-y
http://dx.doi.org/10.1186/s13104-020-05268-y
http://dx.doi.org/10.1186/s12889-016-2984-2
https://www.investopedia.com/terms/v/valuechain.asp
https://www.investopedia.com/terms/v/valuechain.asp
http://dx.doi.org/10.1136/bmj-2021-067488
https://www.colalife.org/wp-content/uploads/2021/11/00-Rural-Demand-for-Kit-Yamoyo-Final-Report-12-Nov-13-IDinsight.pdf
https://www.colalife.org/wp-content/uploads/2021/11/00-Rural-Demand-for-Kit-Yamoyo-Final-Report-12-Nov-13-IDinsight.pdf
https://www.colalife.org/wp-content/uploads/2021/11/00-Rural-Demand-for-Kit-Yamoyo-Final-Report-12-Nov-13-IDinsight.pdf
http://dx.doi.org/10.2147/IJWH.S214081
http://dx.doi.org/10.2147/IJWH.S214081
http://dx.doi.org/10.15171/ijhpm.2016.65
http://dx.doi.org/10.1186/1471-2393-9-34
http://dx.doi.org/10.1186/1471-2393-9-34
http://dx.doi.org/10.1016/j.socscimed.2010.04.029
https://orszco-pack.org/data-evidence/#cost
http://dx.doi.org/10.1088/1757-899X/114/1/012050
http://dx.doi.org/10.1371/journal.pmed.1001385
http://innovations.bmj.com/


182 Ramchandani R, et al. BMJ Innov 2022;8:169–182. doi:10.1136/bmjinnov-2021-000914

Processes and systems

 48 English only expert group meeting to review the draft 
Handbook on designing of household sample surveys 3- 5 
December 2003 D R a F T sampling strategies 2003.

 49 Office CS. CSO), Ministry of health (MOH), tropical diseases 
research center (TDRC), et al. Zambia demographic and health 
survey 2007. Calverton, Maryland, USA: CSO and Macro 
International Inc, 2009.

 50 Schmidt W- P, Arnold BF, Boisson S, et al. Epidemiological 
methods in diarrhoea studies--an update. Int J Epidemiol 
2011;40:1678–92.

 51 Zou G. A modified poisson regression approach to prospective 
studies with binary data. Am J Epidemiol 2004;159:702–6.

 52 Buckley J, Shang Y. Estimating Policy and Program Effects 
with Observational Data: The "Differences- in- Differences" 
Estimator. Practical Assessment, Research and Evaluation 
2002;8.

 53 Lance P, Guilkey D, Hattori A. How do we know if a program 
made a difference? A guide to statistical methods for program 
impact evaluation. Chapel Hill, North Carolina, USA: 
MEASURE Evaluation, 2014.

 54 Williams RL. A note on robust variance estimation for cluster- 
correlated data. Biometrics 2000;56:645–6.

 55 Rogers W. Regression standard errors in clustered samples. 
Stata Technical Bulletin 1994;3.

 56 Wooldridge JM. Econometric analysis of cross section and 
panel data. Cambridge, MA: MIT Press, 2002.

 57 SRHR Africa Trust. Age of Consent: Legal Review - Zambia 
Country Report, 2018.

 58 Zambia Statistics Agency. Zambian census 2010, 2010. 
Available: https://www.zamstats.gov.zm/index.php/publications/ 
category/14-2010 [Accessed 16 Nov 2021].

 59 The DHS Program. Zambia, standard DHS 2018, 2018. 
Available: https://dhsprogram.com/methodology/survey/survey- 
display-542.cfm [Accessed 16 Nov 2021].

 60 Biemba G, Chiluba B, Yeboah- Antwi K, et al. Impact of 
mobile health- enhanced supportive supervision and supply 
chain management on appropriate integrated community case 
management of malaria, diarrhoea, and pneumonia in children 

2- 59 months: a cluster randomised trial in eastern Province, 
Zambia. J Glob Health 2020;10:010425–25.

 61 Habib MA, Soofi S, Sadiq K, et al. A study to evaluate the 
acceptability, feasibility and impact of packaged interventions 
("Diarrhea Pack") for prevention and treatment of childhood 
diarrhea in rural Pakistan. BMC Public Health 2013;13:922.

 62 Das JK, Lassi ZS, Salam RA, et al. Effect of community based 
interventions on childhood diarrhea and pneumonia: uptake 
of treatment modalities and impact on mortality. BMC Public 
Health 2013;13 Suppl 3:S29.

 63 Fischer Walker CL, Friberg IK, Binkin N, et al. Scaling up 
diarrhea prevention and treatment interventions: a lives saved 
tool analysis. PLoS Med 2011;8:e1000428.

 64 Santosham M, Chandran A, Fitzwater S, et al. Progress 
and barriers for the control of diarrhoeal disease. Lancet 
2010;376:63–7.

 65 Jones G, Steketee RW, Black RE, et al. How many child deaths 
can we prevent this year? Lancet 2003;362:65–71.

 66 Bhutta ZA, Das JK, Walker N, et al. Interventions to address 
deaths from childhood pneumonia and diarrhoea equitably: 
what works and at what cost? Lancet 2013;381:1417–29.

 67 Roche M, García Meza R, Vossenaar M. An intervention to 
Co‐package zinc and oral rehydration salts (ORS) improves 
health provider prescription and maternal adherence to WHO‐
recommended diarrhea treatment in Western Guatemala. The 
FASEB Journal 2015;29:902.23.

 68 Gebremedhin S, Mamo G, Gezahign H, et al. The effectiveness 
bundling of zinc with oral rehydration salts (ORS) for 
improving adherence to acute watery diarrhea treatment in 
Ethiopia: cluster randomised controlled trial. BMC Public 
Health 2016;16:457.

 69 Montagu D. Franchising of health services in low- income 
countries. Health Policy Plan 2002;17:121–30.

 70 Braimoh T, Danat I, Abubakar M, et al. Private health care 
market shaping and changes in inequities in childhood 
diarrhoea treatment coverage: evidence from the analysis 
of baseline and endline surveys of an ORS and zinc scale- up 
program in Nigeria. Int J Equity Health 2021;20:88.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://innovations.bm

j.com
/

B
M

J Innov: first published as 10.1136/bm
jinnov-2021-000914 on 6 June 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1093/ije/dyr152
http://dx.doi.org/10.1093/aje/kwh090
http://dx.doi.org/10.1111/j.0006-341x.2000.00645.x
https://www.zamstats.gov.zm/index.php/publications/category/14-2010
https://www.zamstats.gov.zm/index.php/publications/category/14-2010
https://dhsprogram.com/methodology/survey/survey-display-542.cfm
https://dhsprogram.com/methodology/survey/survey-display-542.cfm
http://dx.doi.org/10.7189/jogh.10.010425
http://dx.doi.org/10.1186/1471-2458-13-922
http://dx.doi.org/10.1186/1471-2458-13-S3-S29
http://dx.doi.org/10.1186/1471-2458-13-S3-S29
http://dx.doi.org/10.1371/journal.pmed.1000428
http://dx.doi.org/10.1016/S0140-6736(10)60356-X
http://dx.doi.org/10.1016/S0140-6736(03)13811-1
http://dx.doi.org/10.1016/S0140-6736(13)60648-0
http://dx.doi.org/10.1096/fasebj.29.1_supplement.902.23
http://dx.doi.org/10.1096/fasebj.29.1_supplement.902.23
http://dx.doi.org/10.1186/s12889-016-3126-6
http://dx.doi.org/10.1186/s12889-016-3126-6
http://dx.doi.org/10.1093/heapol/17.2.121
http://dx.doi.org/10.1186/s12939-021-01425-2
http://innovations.bmj.com/

	Emulating value-chains of fast-moving consumer goods to improve uptake of co-packaged ORS and zinc for childhood diarrhoea: evaluation of the ColaLife trial
	Abstract
	Introduction
	Treatment access
	Social innovation for the treatment of childhood diarrhoea: a value-chain approach

	Methods
	Patient and public involvement: creating the value-chain
	Intervention: market shaping, Kit Yamoyo and demand generation
	Market shaping

	Co-packaged ORS and zinc product: Kit Yamoyo
	Demand generation
	Use of vouchers
	Study design
	Selection of districts
	Outcomes
	Study population and sample size
	Statistical analysis

	Results
	Discussion
	Limitations

	References


