@° PLOS | ONE

Check for
updates

G OPENACCESS

Citation: lIboudo PG, Huang XX, Ngwira B,
Mwanyungwe A, Mogasale V, Mengel MA, et al.
(2017) Cost-of-illness of cholera to households
and health facilities in rural Malawi. PLoS ONE 12
(9): €0185041. https://doi.org/10.1371/journal.
pone.0185041

Editor: Yoel Lubell, Mahidol-Oxford Tropical
Medicine Research Unit, THAILAND

Received: January 20, 2017
Accepted: September 5, 2017
Published: September 21, 2017

Copyright: © 2017 Ilboudo et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The dataset
generated contained private patient information
that cannot be disclosed. In addition this research
was conducted under local research ethics
committee clearance. The dataset generated under
this research cannot be widely disseminated at this
stage given we did not receive permission from the
MoH (doccentre@malawi.net) to do so.
Nevertheless, data could be accessed by emailing
AMP and by sending a request at http://amp-
vaccinology.org/fr/contact-amp or more directly by
writing to Andrée Diakité (adiakitt@aamp.org).

RESEARCH ARTICLE
Cost-of-illness of cholera to households and
health facilities in rural Malawi

Patrick G. llboudo'*, Xiao Xian Huang?, Bagrey Ngwira®, Abel Mwanyungwe?,
Vittal Mogasale®, Martin A. Mengel®, Philippe Cavailler®, Bradford D. Gessner®, Jean-
Bernard Le Gargasson?

1 Agence de Médecine Préventive, Abidjan, Cote d'lvoire, 2 Agence de Médecine Préventive, Ferney-
Voltaire, France, 3 The Polytechnic, Blantyre, Malawi, 4 International Vaccine Institute, Seoul, Republic of
Korea, 5 Agence de Médecine Préventive, Paris, France

* gilboudo@aamp.org

Abstract

Cholera remains an important public health problem in many low- and middle-income coun-
tries. Vaccination has been recommended as a possible intervention for the prevention and
control of cholera. Evidence, especially data on disease burden, cost-of-iliness, delivery
costs and cost-effectiveness to support a wider use of vaccine is still weak. This study aims
at estimating the cost-of-illness of cholera to households and health facilities in Machinga
and Zomba Districts, Malawi. A cross-sectional study using retrospectively collected cost
data was undertaken in this investigation. One hundred patients were purposefully selected
for the assessment of the household cost-of-illness and four cholera treatment centres and
one health facility were selected for the assessment conducted in health facilities. Data col-
lected for the assessment in households included direct and indirect costs borne by cholera
patients and their families while only direct costs were considered for the assessment con-
ducted in health facilities. Whenever possible, descriptive and regression analysis were
used to assess difference in mean costs between groups of patients. The average costs to
patients’ households and health facilities for treating an episode of cholera amounted to US
$65.6 and US$59.7 in 2016 for households and health facilities, respectively equivalent to
international dollars (1$) 249.9 and 227.5 the same year. Costs incurred in treating a cholera
episode were proportional to duration of hospital stay. Moreover, 52% of households used
coping strategies to compensate for direct and indirect costs imposed by the disease. Both
households and health facilities could avert significant treatment expenditures through a
broader use of pre-emptive cholera vaccination. These findings have direct policy implica-
tions regarding priority investments for the prevention and control of cholera.

Introduction

Cholera remains an important public health problem in many low- and middle-income coun-
tries. Cholera can be prevented simply through provision of safe water and adequate hygiene
and sanitation. [1] Because of this, urgent calls have been made at international level to
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improve health and living conditions, particularly in developing countries, through the millen-
nium development goals [2] and more recently through the adoption of the sustainable devel-
opment goals (SDGs). [3] Notable among the SDGs is the improvement of people’s access to
improved water and sanitation through objectives 6.1 and 6.2 [3] whose ultimate aim is to
reduce the burden of diarrheal diseases, including cholera. Despite this improvement, it is esti-
mated that 2.9 million cases of cholera continue to occur worldwide every year with an esti-
mated yearly mortality of 95,000. [4] Children under five year’s old [5] and sub-Saharan Africa
bear most of the human and economic burden of cholera. [4,6-8]

Recurrent cholera outbreaks are reported worldwide, especially from endemic countries.
[9,10] Consequently, efforts have been made to implement large control programs aimed at
mitigating the consequences of cholera for individuals, families and societies. Strategies
adopted for cholera prevention include promotion of hygiene, access to safe water and sanita-
tion, appropriate case management and vaccination. [11] Several studies have documented the
feasibility of mass vaccination campaigns in various places [12-15] and their protective effect.
[13,16,17]

Shanchol, a killed whole-cell oral cholera vaccine (OCV) has been pre-qualified by the
World Health Organization for use in cholera prevention. [18] The price of a double dose of
this vaccine is currently around US$3.7, [8] with vaccine delivery costs ranging from US$1.14
(1$4.08) to US$3.05 (1$14.39) per fully immunized person in 2014 dollars. [19] However, evi-
dence to support its widespread use in prevention of cholera is limited. Particularly, additional
quality data on the burden of cholera, costs-of-illness, delivery costs and cost-effectiveness of
vaccines are needed to support evidence-based decisions regarding the use of OCV in the pre-
vention of cholera in sub-Saharan countries.

Historically, cholera has been endemic in Malawi. [20] In March 2016, a cholera vaccina-
tion campaign was implemented in Lake Chilwa area in response to a massive cholera out-
break. However, so far no study has investigated the cost-of-illness from cholera in Malawi.
The aim of cost-of-illness studies is to itemize, value, and sum the costs of a health problem
with the objective to estimate its economic burden. [21,22] The purpose of this study is to
investigate the cost-of-illness of cholera to households and health facilities in Machinga and
Zomba Districts.

Methods
Ethics statement

This study was approved by the National Health Sciences Research Committee (NHSRC) of
the Ministry of Health in Malawi (approval number: NHSRC # 16/3/1559). All participants
provided written informed consent prior to interviews. All data were handled confidentially
and made anonymous before analyses.

Study sites and participants

This study was conducted in Machinga and Zomba, two of the 28 administrative districts of
Malawi. The two districts, surrounding the Lake Chilwa, are bordering Lake Chilwa and lo-
cated in the southern part of the country. They had an estimated total population of 1,238,592
inhabitants in 2014. [23] Machinga and Zomba districts’ economies are based largely on agri-
culture, with maize as the main food crop and tobacco as the main cash crop. Fishing on Lake
Chilwa is of particular importance as a source of income for the local lake bordering commu-
nities. Health services are mainly delivered through health posts, clinics, health centres and
hospital facilities. In addition, many people get medical treatment from traditional practition-
ers and birth attendants. Moreover, people living on and around the Lake Chilwa use the lake
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as a source of drinking water and for their ablutions. Levels of fecal contamination are high,
particularly in parts of the lake with stagnant water. [20] In consequence, the mortality attrib-
utable to exposure to unsafe water, sanitation and hygiene condition is high, at 26.1 per
100,000 inhabitants in 2012. [24] Respectively, 59% and 10% of the total Malawian population
has no sustainable access to improved sanitation and drinking water sources, with large dispar-
ities among the country’s regions, which means a large proportion of the population is at high-
risk for cholera. [24]

Costs data collection aspects

We conducted a cross-sectional study using cost data collected retrospectively to estimate the
cost-of-illness of cholera for households and health facilities. All the data were collected
between February and March 2016 in parallel with the implementation of a mass oral vaccina-
tion campaign against cholera (February 16 to 22, 2016 and from March 8 to 15, 2016, for
rounds 1 and 2, respectively). Expenses for an individual patient and for the health system
were only counted once and did not include multiple disease episodes. Data from this study
could be accessed through a request to the Agence de Médecine Préventive—-AMP: website
http://amp-vaccinology.org/fr/contact-amp.

Measuring household cost of cholera

Only cholera cases reported from the last 7+ weeks (i.e. between February 4™ and March 26™,
2016) preceding the data collection period were eligible for interviews. A total of 100 patients
were purposefully recruited for the household cost-of-illness. Eligible patients were cases pre-
senting with an infectious disease characterized by intense vomiting and profuse watery diar-
rhea, regardless of vaccination status, that received care over the previous five weeks. The
sample included approximately 9% of the reported cases in the study. For patient recruitment,
we systematically selected every fifth patient out of those who received treatment during the
five weeks preceding the survey. This was achieved by reviewing line lists—which recorded
patient details in a consistent manner-located at cholera treatment facilities in the two dis-
tricts. All selected patients were then visited in the community with the support of commu-
nity-based health surveillance assistants, for face-to-face interviews in their homes to elicit
costs incurred in seeking care. Interviews were conducted with the head of household, and/or
the main patients’ caregiver who was most familiar with the costs borne during the cholera
episode.

Five specifically trained interviewers collected data from all confirmed cholera patients by
means of a pilot-tested structured questionnaire programmed on hand held tablets. Prior to
fieldwork, interviewers were given comprehensive training on data collection procedures. We
asked questions related to patients’ demographic characteristics, disease duration, health
expenditures including direct medical expenses on medicines, and consumables, direct non-
medical costs including transportation, foods and beverages and other miscellaneous expenses.
Data relating to treatment outcome, coping strategies used by households to compensate for
direct and indirect costs were also collected. Moreover, we asked currently employed persons
for the estimated number of days absent from work and related self-reported total income lost.
For deceased patients, we estimated lost income by asking the patients’ relatives to describe
income lost during the patient’s period of illness. Intangible costs (e.g., costs of stigma from
cholera), costs following death, and school days missed were not collected. Likewise, expenses
relating to diagnostics and hospitalization were not considered in the household cost measure-
ment as they were not supported by patients but covered by the Government. The household
study questionnaire is given in the supporting document S1 Appendix.
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Measuring health provider cost of treating cholera

Facility-based surveys were undertaken in order to assess the costs to health providers for
treating cholera cases. Four cholera treatment centres and one district hospital expected to
manage cases were selected for data collection. Cost data collected included staff, medicines
and consumables. Unit costs of medical services used to estimate the costs of treating cholera
were directly measured from the study facility by standard methods. [25] A micro-costing bot-
tom-up approach was used to estimate the amount of medical items needed to treat a patient
sick with cholera. Moreover, we reviewed the health facilities’ registries and clinical files to
assess quantities and prices of items used to treat cholera. This was complemented by a thor-
ough interview of involved health personnel to investigate the time spent by health personnel
in treating cholera patients and the number of cholera cases treated in each facility. Costs
incurred in setting-up a cholera treatment center (such as building and tent costs), under the
general category of outbreak response-related costs and capital asset costs, were all excluded
from this analysis. Diagnostic costs were not analyzed for the health facility study because of
missing data. In addition, overhead costs were omitted in this analysis. The treatment cost of
cholera to the health facility was estimated and further disaggregated into three levels of sever-
ity based on the length of hospital stay: 1) admitted for less than 12 hours (admitted <12
hours), 2) hospitalized for 1-3 days and 3) hospitalized for 4-7 days. The health facility study
questionnaire is given in the supporting document S2 Appendix.

Data management and analysis

Both household and provider databases were analyzed using Stata 13.1 (StataCorp, College Sta-
tion, Texas, USA). All monetary values were presented in 2016 US dollar using the annual con-
version rate between US dollar and Malawian Kwacha (MWK) of US$1 = MWK696.21. [26]
To allow comparison between countries, we converted Malawian Kwacha to 2016 interna-
tional dollars (I$) using the appropriate purchasing power parity conversion factor given by
the International Monetary Fund. [27]

Regarding the data from the households’ interviews, a descriptive analysis was conducted to
describe socioeconomic characteristics of patients and households and assess gender differ-
ences. The differences between proportions were tested using the chi squared test. The Mann-
Whitney test was used to test for differences where distributions were skewed. The direct med-
ical costs were estimated as the sum total of incurred costs before and during hospitalization of
the patient while direct non-medical costs included only costs incurred during hospitalization.
The indirect costs were only estimated for those who were working using the human capital
approach. They were calculated based on self-reported total reduction of income induced by
the cholera episode for patients and caregivers who lost income. The total cholera cost to a
household was estimated as the sum of incurred costs, including direct out-of-pocket expenses
in medicines and consumables before hospitalization, plus direct non-medical and indirect
costs borne during hospitalization. The mean treatment (direct medical, non-medical, and
indirect) cost to households was obtained by computing the average cost among patients. To
assess the difference in mean cholera costs between groups of patients, we log-transformed the
dependent variable, i.e., the mean cholera costs, to normalize the distribution. We then tested
the difference of the mean cholera cost between groups of patients by running a log-linear
regression of the mean cholera cost, adjusting for length of hospital stay. Given that poverty is
widespread in the studied populations, coping strategies used to compensate for direct and
indirect cholera costs may have huge impacts on households’ livelihood. We analyzed those
coping strategies and the proportion of households that resorted to them to compensate for
costs imposed by the disease.
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The health facility cost of treating cholera by levels of case severity was obtained by adding-
up costs of personnel, drugs and consumables. The estimated cost for each category of person-
nel was obtained by multiplying the estimated time spent treating a cholera case by their corre-
sponding gross wage per minute. The total personnel cost was then obtained by adding-up
these estimates. Likewise, the cost of each drug and consumable used in treating a patient was
obtained by multiplying the units of each input by its price. The total cost on drugs and con-
sumables was then calculated as the total sum spent on drugs and consumables according to
levels of severity. Moreover, the average cost of treating an episode of cholera across groups of
patients was reached by calculating the mean costs across the three categories of patients.

Results
Characteristics of patients and their caregivers

Table 1 summarizes selected characteristics of the patients and their caregivers. All patients
agreed to take part in the study. Males constituted 81% of the sample. The mean age for the
patients was 27 years (range: 3-80). Women were not significantly older than their male coun-
terparts (p = 0.7582). Ninety percent (90%) of the patients were hospitalized (for at least one
day) and 5% died because of the disease. On average, patients were inactive, including for hos-
pitalization, for up to 8 days. Women spent 7 days inactive compared to 9 days for men, but
this difference was not statistically significant at the 95% confidence level (p = 0.9542). The
inactive period duration for caregivers was 4 days. Fifty eight (58) patients and 72 caregivers
were involved in income generating activities (result not showed). At the time of the interview,

Table 1. Selected characteristics of the study patients and their caregivers.

Sex

Frequency
Percentage

Age

Mean (min-max)
Standard deviation

Duration of iliness episode, days

Mean
Standard deviation

Length of patient inactive period, days

Mean
Standard deviation

Length of caregiver inactive period, days

Mean
Standard deviation

Distribution of patient across severity groups

Admitted <12 hours (%)
Hospitalized (%)
Deceased (%)

Patient health status on interview date

Recovered (%)
Deceased (%)
Missing (%)

NC = Not calculated

https://doi.org/10.1371/journal.pone.0185041.t001

All Male Female P-value
100 81 19
100 81 19 NC
27 (3-80) 27 (3-76) 28 (5-80) 0.7582
14 13 16
5 2 0.2848
5 5 4
8 9 7 0.9542
8 8 5
5 2 0.1049
5 5 3
5 5 0
90 71 19
5 5 0 0.537
92 73 19
5 5 0
3 0 0.778
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92% of the participants had recovered and the remaining percentage was constituted with
patients with missing information as to their status (3%).

Mean treatment cost of cholera to household

On average, the treatment cost of cholera to patients” households was US$65.6 in 2016 equiva-
lent to 1$249.9 (Table 2). Productivity losses (i.e., income losses due to days not worked) con-
stituted almost 59% of the costs incurred by the patient’s household as a consequence of the
cholera episode. Direct non-medical costs incurred in the facility came as the second most
important cost driver, accounting for 40% of incurred costs. We were not surprised that drugs
and consumables were the smallest cost driver, accounting for less than 1% of the costs
incurred by the patient and the patient’s household for treating the disease given the national
policy exempting patients from paying for cholera care.

Average costs in various groups of patients

Table 3 shows treatment costs of cholera across different groups of patients. Households of
patients who died appeared to have incurred the largest treatment costs: US$106.5 (1$406.0) as
compared to patients who were hospitalized US$51.9 (1$197.8) and those admitted for less
than 12 hours US$38.3 (1$145.9) in 2016. However, this difference in mean costs was not sta-
tistically significant when controlling for the length of hospitalization (p = 0.4524). Productiv-
ity losses constituted the main cost for patients who had been hospitalized and those admitted
for less than 12 hours, accounting for 72% and 95% of the costs incurred by these patients’
households, respectively. Because the survey instrument truncated productivity costs at death,
a different pattern was observed for patients who died with indirect costs accounting for 39%
of the total costs incurred in seeking care. Direct non-medical costs were the main cost driver,
representing almost two-thirds of the total costs incurred by households of patients who died.
Drugs and consumables represented only a marginal share (less than 2%) of the total costs
incurred in seeking treatment regardless of patient category.

Economic consequences to households of a cholera episode

Table 4 presents the consequences for households of having to deal with a cholera episode.
More than one half of the sample of patients’ households (52%) reported difficulties in dealing

Table 2. Mean cholera costs to the patient and his household in 2016 US$ and in 1$.

Cost

2016 US$ 1$ Percentage
Direct medical cost before visiting the facility 0.5 1.9 0.8
Drugs and consumables 0.5 1.9 0.8
Direct medical cost in the facility 0.0 0.1 0.1
Drugs and consumables 0.0 0.1 0.1
Direct non-medical cost in the facility 26.5 101,2 40.5
Patient’s transportation 5.5 20.9 8.3
Caregivers’ transportation 3.1 11.7 4.7
Foods and beverages 15.8 60.1 241
Other miscellaneous 2.2 8.5 3.4
Indirect (productivity losses) 38.5 146.7 58.6
Patient 23.0 87.8 35.1
Caregivers 15.5 58.9 235
Total cost 65.6 249.9 100.0

https://doi.org/10.1371/journal.pone.0185041.t1002
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Table 3. Average treatment cost of cholera across groups of patients in 2016 US$ and I$.

Admitted <12hours Hospitalized Deceased
2016US$ I$ % | 2016US$ I$ % 2016US$ I$ % | P-value
Direct medical cost before visiting the facility 0.3 1.1 0.7 0.7 2.8 1.4 0.5 1.9 0.5
Drugs and consumables 0.3 1.1 0.7 0.7 2.8 1.4 0.5 1.9 0.5

Direct medical cost in the facility
Drugs and consumables

Direct non-medical cost in the facility
Patient’s transportation
Caregivers’ transportation

Foods and beverages

Other (batteries, etc,)

Indirect (productivity losses)
Patient

Caregivers

Total cost

- - - 0.1 0.4 0.2 - - -
- - - 0.1 0.4 0.2 - - -

1.8 6.8 4.7 135 51.4 26.0 64.3| 245.3 60.4
- - - 4.9 18.8 9.5 11.5 43.8 10.8
- - - 0.6 2.3 1.1 8.6 32.9 8.1
1.8 6.8 4.7 6.8 25.8 13.1 38.8| 147.8 36.4
- - - 1.2 4.6 2.3 5.5 20.8 5.1
36.2| 138.0 94.6 37.6| 1433 72.4 41.7| 158.8 39.1
33.0| 125.9 86.3 24.6 93.5 47.3 11.5 43.8 10.8
3.2 12.0 8.3 13.0 49.7 25.1 30.2| 115.0 28.3
38.3| 145.9| 100.0 51.9| 197.8| 100.0 106.5| 406.0 100.0 | 0.4524°

a = Linear regression of log-transformed total cost of care on groups of patients; Missings are due to patients not able to recall data

https://doi.org/10.1371/journal.pone.0185041.t003

with their episode of cholera. Furthermore, those who reported difficulties resorted to mea-
sures such as borrowing money (90%), selling household livestock (6%), crops (2%) or assets
(2%) to compensate for cholera direct and indirect costs. Independently of case severity, bor-
rowing money was the most common strategy used to compensate for cholera direct and indi-
rect costs. However, the most severe coping strategies including disinvestment of livestock,
crops or assets were solely used by hospitalized patients’ households.

Average treatment cost of cholera to the health centre

Table 5 shows the average cost to the health centre for treating a cholera patient, and the distri-
bution of costs across groups of patients. On average, the treatment cost of a patient with chol-
era was US$59.7 equivalent to 1$227.5 in 2016. When disaggregating this mean cost according
to the length of hospitalization, costs incurred by the health centre in treating patients who
had been hospitalized for 4 to 7 days were US$125.0 (1$476.5) while US$50.7 (1$193.2) and
US$3.4 (1$12.8) were incurred in 2016, respectively, for the treatment of patients who were
hospitalized for 1 to 3 days and those who were admitted for less than 12 hours. Furthermore,
personnel costs incurred in treating an episode of cholera progressed with the length of

Table 4. Distribution of coping strategies used by households to compensate for cholera direct and indirect costs.

Used coping strategies to compensate
for direct and indirect cholera costs
Yes

No

Type of coping strategy used
Borrowing money

Selling livestock

Selling crops

Selling assets

https://doi.org/10.1371/journal.pone.0185041.t1004

Admitted
All <12 hours Deceased Hospitalized
N (%) N (%) N (%) N (%)
52 (52) 3 (60) 1(20) 48 (53)
48 (48) 2 (40) 4 (80) 42 (47)
47 (90) 3 (100) 1(100) 43 (90)
3 (6) 0(0) 0(0) 3 (6)
1(2) 0 (0) 0(0) 1(2)
1(2) 0 (0) 0(0) 1(2)
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Table 5. Average treatment cost of cholera to the health centre in 2016 US$ and I$.

Hospitalized Hospitalized
Admitted <12 hours 1-3 days 4-7 days Across groups
2016USS 1$ %| 2016US$ 1$ % 2016US$ 1$ % | 2016US$ I$ %
Personnel 1.5 5.5 42.7 42.4| 161.6 83.6 116.6 | 4445 93.3 53.5| 203.9 89.6
Drugs, consumables 1.9 7.3 57.3 8.3 31.6 16.4 8.4 32.0 6.7 6.2 23.6 10.4
Mean total 3.4| 12.8| 100.0 50.7| 193.2| 100.0 125.0| 476.5| 100.0 59.7| 227.5| 100.0

https://doi.org/10.1371/journal.pone.0185041.t005

hospitalization. Among those admitted for less than 12 hours, 42.7% incurred costs were for
personnel compared to a minimum of 84% for patients hospitalized for at least a day.

Discussion

This study estimated the cost associated with the treatment of cholera to health providers and
patients and affected households in Machinga and Zomba. Our study sample was skewed
towards adult men (mean age of 27 years) who had been hospitalized for the treatment of their
illness, which may not represent the overall population of persons with cholera in the commu-
nity. The mean duration of illness in our study was 5 days, in line with previous study findings
which reported average illness durations falling between 4 to 7 days in Matlab (Bangladesh),
Kolkata (India), North Jakarta (Indonesia), Beira (Mozambique), [28] and Zanzibar, (Tanza-
nia) [29]. On average, durations of professional inactive period (8 days) were much longer
than duration of illness (5 days). Out of the 97 patients with a known health status, 5 had died
from the disease at the health facility. This translates to a case fatality ratio in our sample of
5%, well beyond the standard upper case fatality ratio limit of less than 1% if appropriate treat-
ment is provided. [11] Patients included in this study were mostly cases that occurred at the
beginning of the outbreak, and research has shown that the case fatality rate from cholera is
especially high at the beginning of outbreaks. [30-32]

Patients sick with cholera and affected households incurred an economic loss of US$65.6 (I
$249.9) in treating the episode of illness and in income reduction due to the cholera episode.
Our cost estimate falls, broadly, between estimates reported by Poulos et al (2012) in their
study of the cost of cholera in various study locations, including US$12.4 in Matlab (Bangla-
desh), US$17.9 in Kolkata (India), US$18.8 in Beira (Mozambique), and US$134 in North
Jakarta (Indonesia) [28] after adjusting for inflation. Our study sample was skewed towards
hospitalized persons while the four other study samples were more balanced in terms of gender
and case severity. This may explain the higher cost estimates we found in our study. The results
also showed that the treatment costs to patients and affected households varied by case sever-
ity. This is also in line with the study in Matlab (Bangladesh), Kolkata (India), Beira (Mozam-
bique), and North Jakarta (Indonesia), which also found that costs increased with case severity
[28]. Moreover, very little was spent on direct medical costs because the treatment was pro-
vided free of charge. This implies that early presentation for care and identification, and appro-
priate treatment may reduce the economic burden of cholera on households, and that access
to care, including financial access is critical in this respect.

Indirect costs related to productivity loss were the primary contributor to household costs.
Numerous studies have shown that indirect costs contribute substantially to costs borne by
patients and affected households during an episode of cholera. [29,33] Productivity losses esti-
mated the total reduction of income for patients and caregivers induced by the disease. Report-
ing the estimated productivity to days not worked, the estimated daily losses to the patient and
caregiver were approximately US$2.88 and US$3.88, respectively. These incurred productivity
losses were respectively more than two and three times the Malawian GDP per capita per day
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estimated at US$1.02 with the annual GDP per capita of US$372. [34] Additionally, 52% of the
sample resorted to various coping strategies, including borrowing and selling assets or livestock to
pay for cholera care costs and to deal with the consequences of lost income. Borrowing money or
selling livestock may have long term economic and other consequences for households. [35]

Health facility costs from our study (US$ 59.7) fall within the range reported from previous
studies, including US$61 in Zanzibar, Tanzania, in 2012 [29] and between US$17.6-28.4 in
Matlab (Bangladesh), Kolkata (India), Beira in (Mozambique), and North Jakarta (Indonesia).
[33] Similarly to what was found from the household survey analysis, health care costs
increased with disease severity. At least 80% of the treatment costs for hospitalized patients
and across groups of patients in general were personnel costs. Because cholera outbreaks are
largely unpredictable, health care personnel are not hired specifically to deal with this illness
but rather are pulled from other duties. This, in turn, has a cascading effect on care delivered
for other illnesses, an effect we did not assess as it was out of our study scope.

Limitations

This study had several limitations. First, our sample size was relatively small and thus may not
be representative of the larger population in Lake Chilwa area. This was particularly the case
when disaggregating cholera treatment costs by case severity. Second, the study did not collect
household lost production linked to the illness. In addition, we did not value school days lost
due to cholera. Because of this, indirect costs to households for treating cholera may have
underestimated the true impact of cholera on economic income losses. [36] Third, five patients
who suffered from cholera died. The analysis did not account for mortality costs so the house-
hold costs of fatal cholera cases were underestimated. Fourth, we did not include capital asset
costs and other administrative and overhead costs. This also contributed to underestimating
the treatment costs of cholera to the health facility. Moreover, the treatment costs of cholera to
the health facility were underestimated because diagnostic cost data were unavailable and
excluded from the analysis. Fifth, we considered only direct treatment costs and did not incor-
porate public health costs such as setting up and running cholera treatment centres, outbreak
response and control, and surveillance systems. Because of this, the treatment costs of cholera
to health centres may have been underestimated. Sixth, this study was conducted in specific
fishermen populations located in the southern part of Malawi, who may not represent the
broader population of Malawi. Given study perspectives, we did not incorporate numerous
other costs, including reassigning health care personnel, loss of business investment and eco-
nomic opportunities for affected communities, and loss of tourism. Seventh, cost data were
collected retrospectively. This may have also contributed to distorting our cost estimates given
possible recall biases, although minimized by the relatively shorter recall period. Eighth, we
analyzed data from cholera cases independently of the vaccination status. Severity of cholera
has been demonstrated to be lower among vaccinated people. [37] Because of this, the cost of
illness estimates reported in this study may have been underestimated. Finally, our study took
a retrospective data collection approach while Poulos et al [28] and Sarker et al [33] adopted a
prospective approach with two set of interviews and a mixed of retrospective and prospective
approach, respectively. This may explain some of the differences observed in costs estimates.
In contrast, Schaetti et al [29] used a study methodology that was similar to the current study
approach. This may explain similarities in the two study findings.

Strengths

Despite the limitations we pointed, the study has a number of strengths. The published litera-
ture on economic evaluations comes mostly from Asian countries. With the increasing burden

PLOS ONE | https://doi.org/10.1371/journal.pone.0185041 September 21,2017 9/12


https://doi.org/10.1371/journal.pone.0185041

@° PLOS | ONE

Cost-of-illness of cholera in Malawi

of cholera in sub-Saharan countries, studies conducted in Africa may be of critical importance
to advocate for oral cholera vaccine use in various situations. Moreover, the demonstration of
the relative high burden of cholera to health centres and patients” households in Malawi, a
country in which cholera is endemic, may be an important entry point in fostering more
research on the burden of cholera in many other sub-Saharan countries affected by the disease.
This study may therefore serve as a springboard for the development of more comprehensive
study of the burden of cholera on economies at large.

Conclusions

This study demonstrated the burden of cholera to health facilities, and patients and affected
households of Machinga and Zomba, Malawi. The study findings suggest that preventing an
episode of cholera may contribute to averting significant cholera-related costs to patients and
households. It further shows that by averting cholera, health facilities may avert using scarce
resources in treating cholera patients. Altogether, our findings have direct policy implications
regarding investments in prevention of cholera.

Supporting information

S1 Appendix. Questionnaire for the cost-of-illness study of cholera to households.
(DOCX)

$2 Appendix. Questionnaire for the cost-of-illness study of cholera to the health facility.
(DOCX)

Acknowledgments

The authors would like to thank Dr Maurice Bangombe for facilitating the study development
in Malawi, and to Ms Federica Joele for coordinating financial and logistics aspects of the
study.

Author Contributions

Conceptualization: Xiao Xian Huang, Jean-Bernard Le Gargasson.

Formal analysis: Patrick G. Ilboudo.

Funding acquisition: Martin A. Mengel.

Investigation: Xiao Xian Huang, Bagrey Ngwira, Abel Mwanyungwe.
Methodology: Xiao Xian Huang, Jean-Bernard Le Gargasson.

Project administration: Philippe Cavailler.

Software: Patrick G. Ilboudo.

Supervision: Bagrey Ngwira, Bradford D. Gessner, Jean-Bernard Le Gargasson.

Validation: Bagrey Ngwira, Vittal Mogasale, Martin A. Mengel, Philippe Cavailler, Bradford
D. Gessner.

Visualization: Patrick G. Ilboudo.
Writing - original draft: Patrick G. Ilboudo.

Writing - review & editing: Patrick G. Ilboudo, Bagrey Ngwira, Vittal Mogasale, Martin A.
Mengel, Philippe Cavailler, Bradford D. Gessner, Jean-Bernard Le Gargasson.

PLOS ONE | https://doi.org/10.1371/journal.pone.0185041 September 21,2017 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0185041.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0185041.s002
https://doi.org/10.1371/journal.pone.0185041

@° PLOS | ONE

Cost-of-illness of cholera in Malawi

References

1.

10.
1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
24,

25.

26.

Clemens J, Holmgren J (2014) When, how, and where can oral cholera vaccines be used to interrupt
cholera outbreaks? Curr Top Microbiol Immunol 379: 231-258. https://doi.org/10.1007/82_2013_353
PMID: 24402712

United Nations (2000) United Nations Millennium Development Declaration. General Assembly resolu-
tion. A/RES/55/2.

Nations Unies (2015) Projet de document final du Sommet des Nations Unies consacré a I'adoption du
programme de développement pour 'aprés-2015. Nations Unies, Assemblée générale.

Ali M, Nelson AR, Lopez AL, Sack DA (2015) Updated global burden of cholera in endemic countries.
PLoS Negl Trop Dis 9: e0003832. https://doi.org/10.1371/journal.pntd.0003832 PMID: 26043000

Deen JL, von Seidlein L, Sur D, Agtini M, Lucas ME, et al. (2008) The high burden of cholera in children:
comparison of incidence from endemic areas in Asia and Africa. PLoS Negl Trop Dis 2: e173. https://
doi.org/10.1371/journal.pntd.0000173 PMID: 18299707

Kirigia JM, Sambo LG, Yokouide A, Soumbey-Alley E, Muthuri LK, et al. (2009) Economic burden of
cholera in the WHO African region. BMC Int Health Hum Rights 9: 8. https://doi.org/10.1186/1472-
698X-9-8 PMID: 19405948

Ali M, Lopez AL, You YA, Kim YE, Sah B, et al. (2012) The global burden of cholera. Bull World Health
Organ 90: 209-218A. https://doi.org/10.2471/BLT.11.093427 PMID: 22461716

von Seidlein L, Jiddawi M, Grais RF, Luquero F, Lucas M, et al. (2013) The value of and challenges for
cholera vaccines in Africa. J Infect Dis 208 Suppl 1: S8—14.

WHO (2015) Weekly epidemiological record. Cholera 2014. Geneva, Switzerland: WHO.

WHO (2016) Weekly epidemiological record. Cholera 2015. Geneva, Switzerland: WHO. 433440 p.
Sardar T, Mukhopadhyay S, Bhowmick AR, Chattopadhyay J (2013) An optimal cost effectiveness

study on Zimbabwe cholera seasonal data from 2008—2011. PLoS One 8: e81231. https://doi.org/10.
1371/journal.pone.0081231 PMID: 24312540

Cavailler P, Lucas M, Perroud V, McChesney M, Ampuero S, et al. (2006) Feasibility of a mass vaccina-
tion campaign using a two-dose oral cholera vaccine in an urban cholera-endemic setting in Mozam-
bique. Vaccine 24: 4890-4895. https://doi.org/10.1016/j.vaccine.2005.10.006 PMID: 16298025

Longini IM Jr., Nizam A, Ali M, Yunus M, Shenvi N, et al. (2007) Controlling endemic cholera with oral
vaccines. PLoS Med 4: e336. https://doi.org/10.1371/journal.pmed.0040336 PMID: 18044983

Vu DT, Hossain MM, Nguyen DS, Nguyen TH, Rao MR, et al. (2003) Coverage and costs of mass
immunization of an oral cholera vaccine in Vietnam. J Health Popul Nutr 21: 304-308. PMID: 15043004

Ciglenecki |, Sakoba K, Luquero FJ, Heile M, ltama C, et al. (2013) Feasibility of mass vaccination cam-
paign with oral cholera vaccines in response to an outbreak in Guinea. PLoS Med 10: e1001512.
https://doi.org/10.1371/journal.pmed.1001512 PMID: 24058301

Jeuland M, Cook J, Poulos C, Clemens J, Whittington D, et al. (2009) Cost-effectiveness of new-gener-
ation oral cholera vaccines: a multisite analysis. Value Health 12: 899-908. https://doi.org/10.1111/j.
1524-4733.2009.00562.x PMID: 19824189

Sack DA (2006) Herd protection and herd amplification in cholera. J Health Popul Nutr 24: 1-5. PMID:
16796143

WHO (2016) WHO Prequalified Vaccines. Geneva, Switzerland: WHO.

Mogasale V, Ramani E, Wee H, Kim JH (2016) Oral Cholera Vaccination Delivery Cost in Low- and Mid-
dle-Income Countries: An Analysis Based on Systematic Review. PLoS Negl Trop Dis 10: e0005124.
https://doi.org/10.1371/journal.pntd.0005124 PMID: 27930668

Khonje A, Metcalf CA, Diggle E, Mlozowa D, Jere C, et al. (2012) Cholera outbreak in districts around
Lake Chilwa, Malawi: lessons learned. Malawi Med J 24: 29-33. PMID: 23638267

Jefferson T, Demicheli V, Mugford G (2000) Cost-of-iliness studies. Elementary economic evaluation in
health care. 2nd Ed ed. London, UK: BMJ Publishing Group. pp. 17-29.

Jo C (2014) Cost-of-iliness studies: concepts, scopes, and methods. Clin Mol Hepatol 20: 327-337.
https://doi.org/10.3350/cmh.2014.20.4.327 PMID: 25548737

Malawi National Statistical Office (2016) GeoHive—Malawi population statistics. Malawi: Geohive.

WHO (2016) World health statistics 2016: monitoring health for the SDGs, sustainable development
goals. Geneva, Switzerland: WHO.

Conteh L, Walker D (2004) Cost and unit cost calculations using step-down accounting. Health Policy
Plan 19: 127-135. PMID: 14982891

OANDA (2016) 1996-2016 OANDA

PLOS ONE | https://doi.org/10.1371/journal.pone.0185041 September 21,2017 11/12


https://doi.org/10.1007/82_2013_353
http://www.ncbi.nlm.nih.gov/pubmed/24402712
https://doi.org/10.1371/journal.pntd.0003832
http://www.ncbi.nlm.nih.gov/pubmed/26043000
https://doi.org/10.1371/journal.pntd.0000173
https://doi.org/10.1371/journal.pntd.0000173
http://www.ncbi.nlm.nih.gov/pubmed/18299707
https://doi.org/10.1186/1472-698X-9-8
https://doi.org/10.1186/1472-698X-9-8
http://www.ncbi.nlm.nih.gov/pubmed/19405948
https://doi.org/10.2471/BLT.11.093427
http://www.ncbi.nlm.nih.gov/pubmed/22461716
https://doi.org/10.1371/journal.pone.0081231
https://doi.org/10.1371/journal.pone.0081231
http://www.ncbi.nlm.nih.gov/pubmed/24312540
https://doi.org/10.1016/j.vaccine.2005.10.006
http://www.ncbi.nlm.nih.gov/pubmed/16298025
https://doi.org/10.1371/journal.pmed.0040336
http://www.ncbi.nlm.nih.gov/pubmed/18044983
http://www.ncbi.nlm.nih.gov/pubmed/15043004
https://doi.org/10.1371/journal.pmed.1001512
http://www.ncbi.nlm.nih.gov/pubmed/24058301
https://doi.org/10.1111/j.1524-4733.2009.00562.x
https://doi.org/10.1111/j.1524-4733.2009.00562.x
http://www.ncbi.nlm.nih.gov/pubmed/19824189
http://www.ncbi.nlm.nih.gov/pubmed/16796143
https://doi.org/10.1371/journal.pntd.0005124
http://www.ncbi.nlm.nih.gov/pubmed/27930668
http://www.ncbi.nlm.nih.gov/pubmed/23638267
https://doi.org/10.3350/cmh.2014.20.4.327
http://www.ncbi.nlm.nih.gov/pubmed/25548737
http://www.ncbi.nlm.nih.gov/pubmed/14982891
https://doi.org/10.1371/journal.pone.0185041

@° PLOS | ONE

Cost-of-illness of cholera in Malawi

27.
28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

IMF (2017) World Economic Outlook Database, October 2016.

Poulos C, Riewpaiboon A, Stewart JF, Clemens J, Guh S, et al. (2012) Costs of illness due to endemic
cholera. Epidemiol Infect 140: 500-509. https://doi.org/10.1017/S0950268811000513 PMID:
21554781

Schaetti C, Weiss MG, Ali SM, Chaignat CL, Khatib AM, et al. (2012) Costs of iliness due to cholera,
costs of immunization and cost-effectiveness of an oral cholera mass vaccination campaign in Zanzibar.
PLoS Negl Trop Dis 6: e1844. https://doi.org/10.1371/journal.pntd.0001844 PMID: 23056660

Gujral L, Sema C, Rebaudet S, Taibo CLA, Manjate AA, et al. (2013) Cholera Epidemiology in Mozam-
bique Using National Surveillance Data. J Infect Dis 208 S107-S114. https://doi.org/10.1093/infdis/
jit212 PMID: 24101638

Barzilay EJ, Schaad N, Magloire R, Mung KS, Boncy J, et al. (2013) Cholera surveillance during the
Haiti epidemic—the first 2 years. N Engl J Med 368: 599—-609. https://doi.org/10.1056/
NEJMoa1204927 PMID: 23301694

Luquero FJ, Rondy M, Boncy J, Munger A, Mekaoui H, et al. (2016) Mortality Rates during Cholera Epi-
demic, Haiti, 2010-2011. Emerg Infect Dis 22: 410—416. https://doi.org/10.3201/eid2203.141970
PMID: 26886511

Sarker AR, Islam Z, Khan IA, Saha A, Chowdhury F, et al. (2013) Cost of illness for cholera in a high risk
urban area in Bangladesh: an analysis from household perspective. BMC Infect Dis 13: 518. https://doi.
org/10.1186/1471-2334-13-518 PMID: 24188717

IMF (2016) World economic outlook: subdued demand—symtoms and remedies.

Flores G, Krishnakumar J, O’Donnell O, van Doorslaer E (2008) Coping with health-care costs: implica-
tions for the measurement of catastrophic expenditures and poverty. Health Econ 17: 1393-1412.
https://doi.org/10.1002/hec.1338 PMID: 18246595

Mogasale V, Kar SK, Kim JH, Mogasale VV, Kerketta AS, et al. (2015) An Estimation of Private House-
hold Costs to Receive Free Oral Cholera Vaccine in Odisha, India. PLoS Negl Trop Dis 9: e0004072.
https://doi.org/10.1371/journal.pntd.0004072 PMID: 26352143

Bekolo EC, van Loenhout FAJ, Rodriguez-Llanes MJ, Rumunu J, Ramadan PO, et al. (2016) A retro-
spective analysis of oral cholera vaccine use, disease severity and deaths during an outbreak in South
Sudan. Bull World Health Organ 94: 667—674. https://doi.org/10.2471/BLT.15.166892 PMID:
27708472

PLOS ONE | https://doi.org/10.1371/journal.pone.0185041 September 21,2017 12/12


https://doi.org/10.1017/S0950268811000513
http://www.ncbi.nlm.nih.gov/pubmed/21554781
https://doi.org/10.1371/journal.pntd.0001844
http://www.ncbi.nlm.nih.gov/pubmed/23056660
https://doi.org/10.1093/infdis/jit212
https://doi.org/10.1093/infdis/jit212
http://www.ncbi.nlm.nih.gov/pubmed/24101638
https://doi.org/10.1056/NEJMoa1204927
https://doi.org/10.1056/NEJMoa1204927
http://www.ncbi.nlm.nih.gov/pubmed/23301694
https://doi.org/10.3201/eid2203.141970
http://www.ncbi.nlm.nih.gov/pubmed/26886511
https://doi.org/10.1186/1471-2334-13-518
https://doi.org/10.1186/1471-2334-13-518
http://www.ncbi.nlm.nih.gov/pubmed/24188717
https://doi.org/10.1002/hec.1338
http://www.ncbi.nlm.nih.gov/pubmed/18246595
https://doi.org/10.1371/journal.pntd.0004072
http://www.ncbi.nlm.nih.gov/pubmed/26352143
https://doi.org/10.2471/BLT.15.166892
http://www.ncbi.nlm.nih.gov/pubmed/27708472
https://doi.org/10.1371/journal.pone.0185041

