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UN Sustainable Development Goal 3
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Foreword

Achieving universal health coverage in an era of
emerging global health threats

T

he Alma-Ata Declaration of 1978 was a pivotal moment
in public health, stating primary health care would be
essential to obtaining the goal of “Health for All” by the
year 2000.1 There was much enthusiasm around the
world to work towards “Health for All” through primary
health care. But soon after this, the goal of comprehensive primary
health care was criticised as being idealistic, too broad and having
an unrealistic timetable.2 This idea of comprehensive primary health
care, as promoted by the Declaration, was quickly overshadowed
by the idea of “selective primary health care” just a short time later.
Despite criticism that selective primary health care neglects the
root causes of disease, significant progress was made in tackling the
prevailing causes of morbidity and mortality in children.3 By 1989,
the World Health Organization stated that over half of children in
Low and Middle Income countries were receiving immunisation
each year. In 2015, world leaders met at the United Nations in New
York, to commit to the Sustainable Development Goals (SDGs). The
SDGs address interconnected global challenges related to poverty,
inequality, climate, environmental degradation and justice.4 In
order to make progress towards SDG Goal 3 (ensure healthy lives
and promote well-being for all at all ages), countries must ensure
that everyone has access to high quality, safe and resilient health
services. An integrated, people-centred approach is fundamental
to health systems that can respond to the various health
challenges and emerging threats of today’s world.5 These include
urbanization, the double burden of communicable diseases and
noncommunicable diseases, aging populations, rising health care
costs, antimicrobial resistance, and new and emerging infectious
disease outbreaks.5
Antimicrobial resistance is one of the most challenging public
health threats of our time. In 2015, the WHO launched a Global
Action Plan on antimicrobial resistance to address the overuse and
misuse of antimicrobials.6 The emergence and spread of pathogens
resistant to antimicrobials is occurring worldwide, compromising
our ability to treat infectious diseases. Furthermore, there have
been 15 serious zoonotic or vector-borne global outbreaks, both
viral (e.g., Hanta, Ebola, Marburg, H5N1 avian influenza) and
bacterial (e.g., E coli, plague, and anthrax) over the past two
decades.7 Epidemics of the 21st century have the ability to spread
faster and further across the national borders, making all countries
vulnerable and damaging their social and economic environment.8
The influenza pandemic of 2009 reached all continents in less
than nine weeks. The West African Ebola outbreak was critical in
showing us how connected we are globally and brought attention
to the importance of a One Health approach. One Health is the
“collaborative effort of multiple disciplines—working locally,
nationally, and globally—to attain optimal health for people,
animals and [the] environment through policy, research, education,
and practice”.9
Strong and resilient health systems can help countries better
detect and respond to diseases and prevent outbreaks from

becoming pandemics.10 More specifically, a health system which
provides comprehensive primary healthcare and integrates all
relevant interventions can help respond to these emerging threats
as well as various coinciding health challenges, such as the rise in
non-communicable diseases.9
As we approach the 40th anniversary of the Declaration of AlmaAta, we renew our own commitment to advancing healthcare
worldwide by sharing knowledge and expertise to improve
experiences and outcomes for patients and populations. Our
global health initiatives focus on health systems strengthening
through workforce development, research capacity building,
and knowledge translation. In this supplement, we are delighted
to present articles which we hope will advance the global health
discourse and confirm our commitment to the vision of a healthier
world.
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ABSTRACT
Background
Socioeconomic inequalities in child vaccination
continue to be a global public health concern.
This study aimed to measure and identify factors
associated with socioeconomic inequalities in full
immunisation coverage against the four core vaccinepreventable diseases (ie, bacille Calmette-Guérin,
diphtheria-tetanus-pertussis (three doses), polio
(three doses) and measles vaccines) in 46 low/
middle-income countries.
Methods
The most recent nationally representative samples of
children (aged 10–59 months, n=372 499) collected
through the Demographic Health Surveys were used
to measure vaccination rates. The concentration index
(C) was used to quantify socioeconomic inequalities
in vaccination coverage. Furthermore, meta-regression
analyses were used to determine factors affecting
socioeconomic inequalities in vaccination coverage
across countries.
Results
Results suggested that immunisation coverage
was pro-rich in most countries (median C=0.161,
IQR 0.131). Gambia (C=−0.146, 95% CI −0.223
to −0.069), Namibia (C=−0.093, 95% CI −0.145
to −0.041) and Kyrgyz Republic (C=−0.227, 95%
CI −0.304 to −0.15) were the only countries where
children who belong to higher socioeconomic

What is already known on this subject
There have been several international initiatives set out to improve child
immunisation rates in low/middle-income countries over the last four decades.
These initiatives led to a significant increase in child vaccination coverage
globally, which, in turn, reduced child mortality and morbidity due to infectious
diseases in several countries. Despite the remarkable global improvement
in child vaccination coverage, the improvement is not equally distributed
among the countries. There is also a growing body of evidence suggesting
socioeconomic inequalities in child vaccination within low/middle-income
countries.

What this study adds
Although the current studies indicated socioeconomic gradients in child
vaccination in low/middle-income countries, few studies have summarised the
magnitude of socioeconomic inequalities across countries. There are even fewer
studies that have examined the determinants of socioeconomic inequalities in
child vaccination across countries. This study provides a comprehensive analysis
of socioeconomic inequalities in vaccination coverage in 46 low/middle-income
countries. The results suggested that pro-rich distribution of child vaccination
in most low/middle-income countries remains an important public health
policy concern. Policies aimed at improving antenatal care among mothers in
lower socioeconomic groups may mitigate socioeconomic inequalities in child
vaccination in low/middle-income countries.
2
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status group were less likely to receive all the four
core vaccines than their lower socioeconomic
status counterparts. Meta-regression analyses
suggested that, across countries, the concentration
of antenatal care visits among wealthier mothers
was positively associated with the concentration
of vaccination coverage among wealthier children
(coefficient=0.606, 95% CI 0.301 to 0.911).
Conclusions
Pro-rich distribution of child vaccination in most
low/middle-income countries remains an important
public health policy concern. Policies aimed to
improve antenatal care visits among mothers in lower
socioeconomic groups may mitigate socioeconomic
inequalities in vaccination coverage in low/middleincome countries.

Introduction
In spite of the remarkable global improvement in
routine vaccination coverage worldwide, the overall
improvement is not equally distributed among the
countries.1 Furthermore, a growing body of evidence
suggests that there exists a social gradient in child
vaccination within countries. For example, children
whose parents are well-educated, wealthy or living in
urban areas have a higher probability to be immunised
against vaccine-preventable diseases.2 3 Social
inequalities in vaccination uptake can potentially
hinder the global efforts to reduce the burden of disease
in low/middle-income countries because children from
socioeconomically disadvantaged backgrounds are
generally at increased risk of contracting infectious
diseases.4
Incomplete or complete lack of vaccination remains
the cause of millions of preventable child deaths
each year in low/middle-income countries; there
is, therefore, a considerable amount of literature
devoted to factors that impact vaccination uptake.
Although several studies (eg, refs 5–9) suggest that
socioeconomic inequalities are still a major barrier to
child immunisation in low/middle-income countries,
few studies (eg, ref 10) aimed to quantify socioeconomic
inequalities in vaccination coverage using a summary
measure of inequality such as the concentration index.
Measuring and monitoring of socioeconomic-related
inequalities in child vaccination in low/middle-income
countries play a major role in evaluating progress
towards the targets made by national and international
programmes to improve child vaccination coverage.
Identifying factors that explain the concentration
of incomplete child vaccination among lower
socioeconomic status (SES) children can also provide
valuable information to introduce effective strategies
and policies to address such inequalities.

RESEARCH
Using the most recent nationally representative
samples of children collected through the Demographic
Health Surveys (DHS) and the concentration index
approach (which accounts for inequality across
the whole socioeconomic distribution), this study
aimed to measure socioeconomic inequalities in full
immunisation coverage against the four core vaccinepreventable diseases (ie, bacille Calmette-Guérin
(BCG), diphtheria-tetanus-pertussis (DTP, three doses),
polio (three doses) and measles vaccines, see online
supplementary table 1) in 46 low/middle-income
countries. Additionally, meta-regression analyses
were performed to examine whether inequalities in
proximate determinants of child vaccination were
associated with the extent of socioeconomic inequality
in vaccination across countries.

Methods
Data
The data for this study were obtained from the
Standard DHS from 46 low/middle-income countries
collected through the MEASURE DHS project over the
period between 2010 and 2015. The DHS surveys are
nationally representative cross-sectional household
surveys with large sample sizes, typically between
5000 and 30 000 households.11 Using a multistage
sampling procedure,12 the DHS collects reliable
and comparable information on a variety of healthrelated topics13 such as vaccination status of children
in the household. High response rates and national
coverage are key advantages of the DHS.14 To facilitate
comparability of surveys across time and countries
a similar set of questions is used.13 Data collection
methods, validation and reliability assessment are
described elsewhere.13 Immunisation records of
children aged 59 months and younger were drawn
from the DHS surveys. To allow each child a follow-up
period to receive all the four routinely recommended
core vaccines: BCG, DTP (three doses), polio (three
doses) and measles vaccines (10 months as per the
WHO15 recommended immunisation schedules for
the four routine vaccines, see online supplementary
table 1), 82 694 live births that occurred less than 10
months before the survey interview were excluded
from the analysis. The final sample contained 372 499
live births aged 10–59 months in 46 low/middleincome countries between 2010 and 2015. Online
supplementary table 2 presents the survey years,
sample size and gross national income (GNI) per capita
(current US$) for the sampled countries.
Measures
The outcome variable in this study is binary variable
indicating whether a child received all the four
routinely recommended core vaccines. Immunisation
status of children was collected using vaccination
record cards provided by mothers or caregivers
during the survey interview. In the absence of
vaccination cards, mothers’ or caregiver’s verbal
reports of children’s immunisation coverage were
BMJ Global Health Initiatives

used. Maternal reports may suffer from recall bias;
however, previous studies (eg, ref 16) showed that
maternal recall reports are valid when we compare
child vaccination coverage across populations.
Socioeconomic inequalities in vaccination coverage
among children were measured using a constructed
wealth index (WI) for each household in the DHS
surveys as a measure of child SES. Using a principal
components analysis (PCA) technique the DHS
uses information on selected household’s assets to
construct the WI.17 Based on the extant literature
(eg, refs 5 6), the effects of inequalities in income
and other proximate determinants of vaccination
uptake (which have been consistently collected in
all DHS surveys) on socioeconomic inequalities in
vaccination coverage were assessed. This included
socioeconomic inequalities in mother’s education,
mother’s age 19 and below, higher number of children
under 5 in the household (3 and above) and antenatal
care (ANC) coverage (a minimum of four prenatal
care visits), and income inequality as measured by
Gini index. As the DHS does not collect information
on expenditure or income, the World Bank’s World
Development Indicators and Global Development
Finance data set18 was used to obtain Gini index for
each country in the study.

Statistical analysis
The statistical analysis involved two steps: (1)
calculating socioeconomic inequalities in vaccination
coverage and (2) performing meta-regression
analyses to determine factors affecting socioeconomic
inequalities in vaccination coverage.

Measuring socioeconomic inequalities

Socioeconomic inequality in vaccination coverage
in each country was measured using the (relative)
concentration (C) index. The C index is measured
regarding the (relative) concentration curve, which
plots the cumulative share of vaccination coverage,
on its y-axis, against the cumulative share of the
children, ranked in ascending order of SES (WI), on
its x-axis. If all children, ranked by WI, received an
equal proportion of vaccination coverage, the curve
would coincide with the 45° line (ie, the line of ‘perfect
equality’). The C index is described as twice the area
between the 45° line and the concentration curve. The
C index ranges from −1 to +1, with zero representing
‘perfect equality’.19 If a health variable is concentrated
among the rich, multiplying the C index by 75 will
give us the fraction of health variable that needs to be
transferred from the wealthier half to the poorer half to
achieve ‘perfect equality’.20
The C index can be computed using the ‘convenient
regression’ approach as follows21:



(1)

where   is child  ’s vaccination coverage status,
μ is the mean of vaccination coverage for the total
sample, 
is the fractional rank of child  in the
3
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Fig 1 | Child vaccination coverage (%) against the four core vaccine-preventable diseases in 46 low/middle-income countries

distribution (
and  for the poorest and wealthiest
child, correspondingly), and  indicates the variance
of fractional rank. The ordinary least squares (OLS)
estimate of  represents the C index and its SE provides
the SE for the C index.22 As the outcome variable in
this study is binary, the C index was normalised23 to
summarise wealth-related inequalities in vaccination
coverage by multiplying by 
. To obtain
estimates that are representative of children (aged 10–
59 months) living in each country sampling weights
were applied in the calculation of the C index. 95% CIs
were used to assess statistical significance of the C
index. A method suggested by Altman and Bland24 was
used to examine the significance of differences in the
C at 95% CI.

Meta-regression analyses

Univariate and multivariate meta-regression analyses
were performed to assess the determinants of
socioeconomic inequalities in vaccination coverage.
The C index in vaccination coverage for each country
was used as the dependent variable and socioeconomic
inequalities in proximate determinants of vaccination
uptake (measured by the C index) and income
inequality (measured by the Gini index) were used
as explanatory variables. The number of covariates
in the model satisfies the ‘rule of thumb’ of having at
least 5–10 observations per predictor in multivariable
regression analysis.25 The random effects models
were used in the meta-regression analyses. This is
4
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because fixed effects meta-regression assumes that the
covariates included in the model can explain all the
heterogeneity in the outcome variable and thus is not
often recommended.26 The inverse variances of the C
index for vaccination coverage were used as weights
in all univariate and multivariate meta-regression
analyses. All analyses were performed in V.13 of the
STATA software package (StataCorp, College Station,
Texas).

Results
Child vaccination coverage
Online supplementary table 3 and figure 1 present
the percentage of children (aged 10–59 months) who
received all the four core vaccines in 46 low/middleincome countries. Overall, 55.5% of children in the
sampled countries were immunised against the diseases.
There was a significant difference across the countries
in the vaccination uptake; for example, in Nepal,
Honduras and Armenia more than 85% of children
received all the four vaccines, whereas this figure was
less than 35% in Mali, Nigeria and Ethiopia. As reported
in online supplementary table 3, up to 58.3% of children
in low-income countries completed immunisation for
the four main diseases; these figures were 52.9% and
68% in the sampled lower middle-income and upper
middle-income countries, respectively.
As reported in online supplementary table 3, the
vaccination rates were generally similar for males and
females in all countries, except Gambia, Tanzania,

RESEARCH

Table 1 | Socioeconomic inequalities in child vaccination coverage in 46 low/middle-income countries
The Concentration index
Country
Code
Low-income countries (LIC)
 Bangladesh
BD
 Benin
BJ
 Burkina Faso
BF
 Burundi
BI
 Cambodia
KH
 Comoros
KM
 Congo Democratic Republic CD
 Ethiopia
ET
 Gambia
GM
 Guinea
GN
 Haiti
HT
 Liberia
LR
 Malawi
MW
 Mali
ML
 Mozambique
MZ
 Nepal
NP
 Niger
NE
 Rwanda
RW
 Sierra Leone
SL
 Tajikistan
TJ
 Tanzania
TZ
 Togo
TG
 Uganda
UG
 Zimbabwe
ZW
Lower middle-income countries (lMIC)
 Armenia
AM
 Cameroon
CM
 Congo Brazzaville
CG
 Cote d'Ivoire
CI
 Egypt
EG
 Ghana
GH
 Honduras
HN
 Indonesia
ID
 Kenya
KE
 Kyrgyz Republic
KG
 Nigeria
NG
 Pakistan
PK
 Philippines
PH
 Senegal
SN
 Yemen
YE
 Zambia
ZM
Upper middle-income countries (uMIC)
 Colombia
CO
 Dominican Republic
DO
 Gabon
GA
 Jordan
JO
 Namibia
NA
 Peru
PE
Median (IQR)

Total

Urban

Rural

Urban-rural

0.248 (0.179 to 0.318)
0.091 (0.052 to 0.131)
0.134 (0.084 to 0.184)
0.031 (−0.02 to 0.083)
0.296 (0.236 to 0.357)
0.232 (0.158 to 0.306)
0.19 (0.147 to 0.234)
0.22 (0.159 to 0.281)
−0.146 (−0.223 to −0.069)
0.122 (0.063 to 0.181)
0.046 (−0.008 to 0.099)
0.191 (0.126 to 0.256)
0.029 (−0.011 to 0.068)
0.129 (0.076 to 0.181)
0.197 (0.147 to 0.246)
0.227 (0.116 to 0.338)
0.253 (0.217 to 0.288)
0.167 (0.103 to 0.23)
0.167 (0.103 to 0.23)
0.167 (0.103 to 0.23)
0.167 (0.103 to 0.23)
0.023 (−0.037 to 0.082)
0.066 (0.02 to 0.112)
0.171 (0.116 to 0.226)

0.209 (0.118 to 0.3)
0.082 (0.021 to 0.144)
0.05 (−0.032 to 0.132)
0.048 (−0.173 to 0.269)
0.304 (0.163 to 0.444)
0.111 (−0.013 to 0.236)
0.238 (0.172 to 0.304)
0.41 (0.316 to 0.505)
−0.071 (−0.166 to 0.024)
0.041 (−0.055 to 0.137)
0.069 (−0.003 to 0.14)
0.127 (0.045 to 0.209)
−0.004 (−0.088 to 0.081)
0.039 (−0.032 to 0.109)
0.018 (−0.077 to 0.113)
0.359 (0.221 to 0.498)
0.094 (0.021 to 0.168)
0.147 (−0.036 to 0.331)
0.147 (−0.036 to 0.331)
0.147 (−0.036 to 0.331)
0.147 (−0.036 to 0.331)
0.156 (0.082 to 0.23)
0.031 (−0.072 to 0.134)
0.134 (0.05 to 0.218)

0.262 (0.185 to 0.34)
0.08 (0.033 to 0.126)
0.149 (0.097 to 0.201)
0.027 (−0.027 to 0.081)
0.264 (0.198 to 0.33)
0.28 (0.195 to 0.365)
0.153 (0.1 to 0.205)
0.115 (0.053 to 0.178)
0.087 (0.021 to 0.153)
0.104 (0.047 to 0.161)
0.076 (0.009 to 0.142)
0.21 (0.156 to 0.263)
0.086 (0.051 to 0.121)
0.112 (0.049 to 0.174)
0.197 (0.145 to 0.25)
0.219 (0.094 to 0.343)
0.212 (0.174 to 0.25)
0.107 (0.042 to 0.172)
0.107 (0.042 to 0.172)
0.107 (0.042 to 0.172)
0.107 (0.042 to 0.172)
−0.07 (−0.132 to −0.008)
0.034 (−0.016 to 0.083)
0.15 (0.088 to 0.212)

−0.054 (−0.174 to 0.066)
0.003 (−0.075 to 0.08)
−0.099 (−0.196 to −0.001)
0.021 (−0.206 to 0.248)
0.04 (−0.115 to 0.195)
−0.169 (−0.319 to −0.018)
0.085 (0.001 to 0.169)
0.295 (0.181 to 0.408)
−0.158 (−0.273 to −0.043)
−0.063 (−0.175 to 0.049)
−0.007 (−0.105 to 0.091)
−0.082 (−0.18 to 0.015)
−0.09 (−0.182 to 0.001)
−0.073 (−0.168 to 0.021)
−0.179 (−0.288 to −0.071)
0.141 (−0.046 to 0.327)
−0.117 (−0.2 to −0.034)
0.041 (−0.154 to 0.235)
0.041 (−0.154 to 0.235)
0.041 (−0.154 to 0.235)
0.041 (−0.154 to 0.235)
0.226 (0.129 to 0.323)
−0.003 (−0.117 to 0.112)
−0.016 (−0.12 to 0.088)

−0.017 (−0.144 to 0.11)
0.273 (0.217 to 0.329)
0.146 (0.088 to 0.204)
0.154 (0.094 to 0.214)
0.096 (0.03 to 0.163)
0.122 (0.063 to 0.181)
−0.026 (−0.08 to 0.027)
0.263 (0.23 to 0.296)
0.191 (0.126 to 0.256)
−0.227 (−0.304 to −0.15)
0.547 (0.517 to 0.577)
0.384 (0.326 to 0.442)
0.167 (0.103 to 0.23)
0.167 (0.103 to 0.23)
0.34 (0.299 to 0.381)
0.15 (0.113 to 0.187)

−0.009 (−0.171 to 0.153)
0.156 (0.096 to 0.216)
0.036 (−0.045 to 0.118)
0.158 (0.076 to 0.24)
0.079 (0.001 to 0.156)
0.041 (−0.055 to 0.137)
0.078 (−0.011 to 0.166)
0.182 (0.135 to 0.229)
0.127 (0.045 to 0.209)
−0.239 (−0.357 to −0.121)
0.295 (0.244 to 0.346)
0.207 (0.127 to 0.288)
0.147 (−0.036 to 0.331)
0.147 (−0.036 to 0.331)
0.192 (0.126 to 0.259)
0.175 (0.112 to 0.237)

−0.129 (−0.288 to 0.031)
0.26 (0.188 to 0.331)
0.147 (0.081 to 0.213)
0.038 (−0.031 to 0.107)
0.218 (0.084 to 0.351)
0.104 (0.047 to 0.161)
0.013 (−0.06 to 0.085)
0.282 (0.238 to 0.325)
0.21 (0.156 to 0.263)
−0.167 (−0.264 to −0.07)
0.564 (0.507 to 0.62)
0.431 (0.368 to 0.494)
0.107 (0.042 to 0.172)
0.107 (0.042 to 0.172)
0.245 (0.19 to 0.3)
0.088 (0.048 to 0.128)

0.12 (−0.108 to 0.347)
−0.103 (−0.197 to −0.01)
−0.111 (−0.215 to −0.006)
0.12 (0.012 to 0.227)
−0.139 (−0.293 to 0.015)
−0.063 (−0.175 to 0.049)
0.065 (−0.05 to 0.18)
−0.1 (−0.163 to −0.036)
−0.082 (−0.18 to 0.015)
−0.072 (−0.225 to 0.081)
−0.269 (−0.345 to −0.193)
−0.223 (−0.326 to −0.121)
0.041 (−0.154 to 0.235)
0.041 (−0.154 to 0.235)
−0.053 (−0.14 to 0.033)
0.087 (0.013 to 0.161)

0.036 (0.005 to 0.067)
0.096 (0.03 to 0.163)
0.024 (−0.049 to 0.097)
0.148 (−0.023 to 0.32)
−0.093 (−0.145 to −0.041)
−0.009 (−0.053 to 0.035)
0.161 (0.131; 0.066 to 0.197)

0.015 (−0.021 to 0.052)
0.079 (0.001 to 0.156)
0.009 (−0.074 to 0.092)
0.097 (−0.115 to 0.308)
−0.029 (−0.102 to 0.044)
0.021 (−0.028 to 0.07)
0.154 (0.141; 0.056 to 0.197)

0.12 (0.069 to 0.172)
0.218 (0.084 to 0.351)
0.215 (0.08 to 0.35)
0.3 (0.098 to 0.502)
0.033 (−0.03 to 0.096)
−0.121 (−0.209 to −0.034)
0.163 (0.171; 0.027 to 0.198)

−0.105 (−0.168 to −0.042)
−0.139 (−0.293 to 0.015)
−0.206 (−0.364 to −0.047)
−0.204 (−0.496 to 0.089)
−0.062 (−0.159 to 0.035)
0.142 (0.042 to 0.243)
0.004 (0.049; −0.023 to 0.026)

95% CIs in parentheses.

Honduras and Gabon, where vaccination uptakes were
slightly higher among men compared with women. The
results also indicated that child vaccination was higher
in urban areas compared with rural areas in most
countries. The vaccination rates were significantly
higher in rural than urban areas in Gambia, Namibia,
Kyrgyz Republic, Malawi and Honduras.

Socioeconomic inequalities in child vaccination
coverage
Table 1 reports the magnitude of socioeconomic
inequalities in immunisation coverage in 46 low/
BMJ Global Health Initiatives

middle-income countries. The results suggested that
immunisation coverage is pro-rich in the majority
of countries (median C=0.161, IQR 0.131). Gambia
(C=−0.146, 95% CI −0.223 to −0.069), Namibia
(C=−0.093, 95% CI −0.145 to −0.041) and Kyrgyz
Republic (C=−0.227, 95% CI −0.304 to −0.15) were
the only countries where children who belong to
higher SES were less immunised compared with lower
SES counterparts. As shown in figure 2, socioeconomic
inequalities in vaccination coverage were higher in
countries such as Nigeria, Pakistan, Yemen, Cambodia,
Cameroon and Indonesia compared with the other
5
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the concentration of mother’s educational level
(coefficient=0.361, 95% CI 0.091 to 0.63) and
ANC coverage (coefficient=0.505, 95% CI 0.248
to 0.762) among wealthier children was positively
associated with socioeconomic inequalities in
vaccination coverage. In multivariate analysis, only
the concentration of ANC use among wealthier women
was associated with socioeconomic inequalities in
vaccination coverage; a 10% increase in the magnitude
of the C index for ANC use was associated with a 6%
increase in the value of the C index for vaccination
coverage. Figure 3 demonstrates bubble plots of the
correlations between the C index for mother’s ANC use
and the C index for vaccination coverage.

Fig 2 | Socioeconomic inequalities in child vaccination coverage and gross national
income (GNI) per capital (current US$) in 46 low/middle-income countries

countries. The results did not suggest any association
between socioeconomic inequalities in immunisation
coverage and (log) GNI per capita (r(44)=−0.020,
p=0.89).
The C index indicated persistent pro-rich inequalities
in vaccination coverage in urban (median C=0.154, IQR
0.141) and rural areas (median C=0.163, IQR 0.171) in
most of the sampled countries. Peru and Togo were the
two countries with the pro-poor distribution of child
immunisation in rural areas. While in countries such
as Nigeria, Pakistan, Gabon and Jordan socioeconomic
inequalities were significantly higher in rural compared
with urban areas, in countries such as Ethiopia,
Togo, Peru and Nepal socioeconomic inequalities in
vaccination uptake were greater in urban compared
with rural areas.

Factors affecting socioeconomic inequalities in
child vaccination coverage
Table 2 reports the meta-regression analysis results.
According to the univariate meta-regression results,

Fig 3 | Bubble plot of the association between the C indices for child vaccination and
antenatal care coverage (at least four visits). The size of the bubbles in the figure is
proportional to the weight of each observation in the meta-regression analysis
6
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Discussion and conclusions
This study, similar to previous studies in low/middleincome countries (eg, refs 5–8), found pro-rich
inequalities in immunisation rate in most countries
under study. Gambia, Namibia and Kyrgyz Republic
were the only countries where children who belong
to higher SES households were less likely to be fully
immunised against the four diseases than their lower
SES counterparts. Lower vaccination coverage among
higher versus lower SES children was also observed
in more developed countries (eg, ref 27). Studies27–29
have suggested several factors that may be associated
with a decrease in child vaccination coverage among
higher SES population in more developed countries.
The significant reductions in the incidences of
vaccine-preventable diseases in recent decades may
have changed how parents perceive child vaccines.
In other words, parents may perceive fewer benefits
associated with vaccines than the risks of rare adverse
events following immunisation. Some scientifically
unfounded claims about vaccines that link some
vaccines to problems such as autism, multiple sclerosis,
sudden infant death syndrome and other problems
may have also altered the perception of the usefulness
of vaccines in some developed countries. Although
these factors may explain pro-rich inequalities in child
vaccinations in more developed countries, additional
investigations are required to further elucidate this
issue in low/middle-income countries.
The finding from univariate meta-regression
demonstrated that the concentration of educational
attainment among mothers who belong to higher
SES household was positively associated with the
pro-rich distribution of child immunisation. The
impact of unequal distribution of maternal education
on inequality in child vaccination uptake can be
explained through human, social, cultural and
empowerment routes. The human capital advantage of
maternal education in higher compared with lower SES
households can lead to greater receptivity to public
health messages aimed at boosting child immunisation
rates among higher SES household because highly
educated mothers have a greater understanding about
the benefits of immunisation.30 Educated mothers
also have larger social networks (social capital) which
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Table 2 | Meta-regression analysis results
The C for child vaccination
Explanatory variables

Gini index
The C for mother's educational level (year)
The C for mother's age at birth—less than 19
The C for number of children (less than 5 years old) 3 and above
The C for antenatal care coverage (at least four visits)
Adjusted R2 (%)
n

Univariate meta-regression
Coefficient
P values
−0.299
0.215
(−0.778 to 0.18)
0.361
0.01
(0.091 to 0.63)
0.078
0.731
(−0.377 to 0.534)
0.129
0.553
(−0.306 to 0.564)
0.505
0.000
(0.248 to 0.762)

46

Adjusted R2 (%)
1.64
12.95
−1.52
−2.21
26.06

Multivariate meta-regression
Coefficient
P values
0.153
0.523
(−0.326 to 0.631)
0.19
0.154
(−0.074 to 0.453)
0.231
0.279
(−0.194 to 0.656)
0.3
0.192
(−0.157 to 0.757)
0.606
0.000
(0.301 to 0.911)
33.72

95% CIs in parentheses.

provide good health behaviour-related information and
where to find available healthcare services. The social
capital of well-educated mothers can result in higher
concentration of immunisation rates among children
from wealthier households. Moreover, well-educated
mothers generally have socially valued general skills
that provide them with a higher social status. This
cultural capital can result in better communications
between mothers and medical providers and thus
enables wealthier households to use more healthcare
such as immunisation services.31 Higher educational
attainment (as a means for empowering women) among
wealthier mothers also assists them to play an active
role in public and in their households which enables
them to insist on better healthcare (eg, vaccination
coverage) for their newborn babies.32
Results of both univariate and multivariate metaregression analyses suggested that, across countries,
the concentration of ANC among wealthier mothers
was statistically significantly positively associated
with the concentration of vaccination coverage among
wealthier children. Previous studies (eg, refs 33 34)
have documented the positive impact of ANC visits on
child vaccination coverage. The positive impacts of
pro-rich inequalities in ANC visits on the concentration
of child vaccination coverage can be attributed to the
fact that higher compared with lower SES mothers
have more opportunities to receive messages about
the benefits of child vaccination that encourage them
to use vaccination services for their newborns because
they use more ANC services. ANC visits establish
communication and build trust between healthcare
providers and mothers, which, in turn, may affect
mothers’ immunisation-seeking behaviours.35 By
increasing the interaction between health personnel
and mother, ANC care visits can address some of the
reasons behind low rate of vaccine uptake, including
lack of information about immunisation benefits, fear
of side effects and unfamiliarity with place and time of
immunisation.36
Methodological overviews of measuring and
monitoring inequalities in health recommend
reporting both absolute and relative measures to
ensure appropriate tracking of health inequalities.37
Thus, a modified absolute (generalised) concentration
BMJ Global Health Initiatives

(AC) index38 was used to compute and identify key
determinants of absolute socioeconomic inequalities
in vaccination coverage across the sampled countries.
More information about the AC index can be found
elsewhere.38 39 The results were qualitatively very
similar to those obtained using the C index to measure
socioeconomic inequalities (see online supplementary
tables 4 and 5 and supplementary figures 1 and 2).
The results of multivariate meta-regression analysis
using the AC index suggested that, across countries,
the concentration of ANC and educational attainment
among wealthier mothers was statistically significantly
positively associated with the concentration of
vaccination coverage among wealthier children.
Furthermore, similar to the results obtained from
multivariate meta-regression analysis using the C
index, the concentration of the presence of three or
more siblings (aged <5 years) in the household among
the poor households had a positive effect on absolute
socioeconomic inequality in immunisation coverage.
This latter result can be explained by the fact that the
concentration of larger numbers of children in poor
households encompasses a greater competing demand
for mothers’ limited time and resources resulting in
lower rates of immunisation among the poor children.40
This study is subject to some limitations. First, similar
to other studies using DHS data sets to determine
factors associated with child vaccination,6 maternal
recall was used to identify the child’s vaccination
status in the absence of vaccination record card.
Although the validity of relying on maternal recall to
obtain child’s vaccination status has been confirmed,16
it would be ideal to use a written record to obtain this
information to avoid potential recall bias. Second, as
the DHS collects vaccination coverage of still living
children at the time of the survey interview, this study
indicates socioeconomic inequalities in vaccination
coverage among children who were alive at the time of
the survey. Third, this study examined socioeconomic
inequalities in child vaccination at the national level.
Since there may be different associations between
factors at the subnational level in different countries,
the generalisability of the findings should not be
extended to population groups within the country.
Finally, this study focused only on wealth-related
7
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inequalities in child vaccination coverage and did
not examine other social inequalities in vaccination
coverage (eg, race/ethnic-related inequalities) that
may be present in the sampled countries.
Caveat considered, this study suggested that prorich distribution of child vaccination in most low/
middle-income countries remains an important
public health policy concern and policies aimed to
improve ANC among mothers in lower socioeconomic
groups may mitigate socioeconomic inequalities in
vaccination coverage in low/middle-income countries.
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ABSTRACT
Background
Communicable diseases are a major concern
during complex humanitarian emergencies (CHEs).
Descriptions of risk factors for outbreaks are often
non-specific and not easily generalisable to similar
situations. This review attempts to capture relevant
evidence and explore whether it is possible to better
generalise the role of risk factors and risk factor
cascades these factors may form.
Methods
A systematic search of the key databases and
websites was conducted. Search terms included
terms for CHEs (United Nations Office for the
Coordination of Humanitarian Affairs definition)
and terms for communicable diseases. Due to the
types of evidence found, a thematic synthesis was
conducted.
Results
26 articles met inclusion criteria. Key risk factors
include crowded conditions, forced displacement,
poor quality shelter, poor water, sanitation and
hygiene, lack of healthcare facilities and lack of
adequate surveillance. Most identified risk factors
do not relate to specific diseases, or are specific to
a group of diseases such as diarrhoeal diseases and
not to a particular disease within that group. Risk
factors are often listed in general terms but are poorly
evidenced, not contextualised and not considered
with respect to interaction effects in individual
publications. The high level of the inter-relatedness of
risk factors became evident, demonstrating risk factor

Key questions
What is already known?

Complex humanitarian emergencies pose significant risks to human health and
communicable diseases are one of the most pressing concerns during a complex
humanitarian emergency.
Complex humanitarian emergencies exacerbate many important risk factors for
outbreaks of communicable diseases.
What are the new findings?

While not necessarily triggering different risk factors than other emergencies,
complex humanitarian emergencies trigger more risk factor cascades with interactive
feedback loops and provide a conductive environment for communicable diseases.
What do the new findings imply?

Humanitarian interventions need to be aware of a wide variety of possible risk
factors and to identify those most likely to trigger risk factor cascades.
While mass population displacement triggers most other risk factors in complex
humanitarian emergencies, more research is also needed on entrapment crises,
which become more likely with the changing nature of conflict.
BMJ Global Health Initiatives

cascades that are triggered by individual risk factors or
clusters of risk factors.
Conclusions
CHEs pose a significant threat to public health. More
rigorous research on the risk of disease outbreaks
in CHEs is needed, from a practitioner and from an
academic point of view.

Introduction
Complex humanitarian emergencies (CHEs1) pose a
significant threat to public health, often in settings
that were already deprived before the disruptive event
or events. While CHEs generally affect the health of
the affected population negatively, they especially
exacerbate the risk of communicable diseases
including diarrhoeal diseases, acute respiratory
diseases, measles, meningitis, tuberculosis, HIV, viral
haemorrhagic fevers, hepatitis E, trypanosomiasis and
leishmaniosis.2 3 Priorities that need to be addressed in
a complex emergency include rapid assessment of the
health status of the affected population, mass measles
vaccination, implementation of water and sanitation
measures, food supply and nutrition programmes,
site planning, provision of shelter, non-food items
and basic medical services, control and prevention
of communicable diseases and potential epidemics,
surveillance and alert, mobilisation of community
health workers, and coordination with national and
international agencies.3 Several of these interventions
rightly target communicable diseases, as during
complex emergencies up to three quarters of excess
deaths are attributable to infections.4
While research in this field is growing, there is
inadequate understanding of the risk factors associated
with communicable diseases in these situations.5 There
is a strong need for a better evidence and understanding
of the risk of communicable diseases in CHEs to inform
control strategies and emergency surveillance, both
of which are based on risk assessments that currently
lack a common risk framework. We conducted the first
(to our knowledge) systematic review on risk factors
for communicable diseases in complex humanitarian
emergencies.
CHEs, for our purposes, are defined as crises in a
region or area in which no local coping capacity can
handle the situation due to a complete breakdown of
state authority. The problems in complex emergencies
are diverse and a multiagency international response
is necessary to address the situation. They usually
result from extensive inter-state or intra-state armed
conflict, leading to ‘(e)xtensive loss of life, massive
displacement of population, widespread damage
9
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to societies and economies’; ‘Need for large-scale,
multi-faceted humanitarian assistance’; ‘Hindrance
or prevention of humanitarian assistance by political
and military constraints’; ‘Significant security risks
for humanitarian relief workers in some areas’.1 Any
such situation requires a multifaceted international
response, usually led by the United Nations (UN). No
complex emergency would be adequately addressed
by the activation of only one of the humanitarian
clusters. In fact, in most complex emergencies, most
if not all clusters would be activated and many such
emergencies will happen in situations and countries
where multiple clusters are already active due to the
underlying conditions with the complex emergency
exacerbating these conditions beyond the scope of an
ongoing UN country programme.

Methods
The description of methods follows the Preferred
Reporting Items for Systematic Reviews and MetaAnalyses statement as far as applicable to qualitative
systematic reviews.6 No review protocol was published
beforehand.
Inclusion criteria
For this review, we had to define three terms on which
we could formulate clear inclusion criteria: (1) risk
factors, (2) communicable diseases and (3) CHEs.
In order to capture all risk factors and risk factor
mechanisms that might not have been labelled risk
factors or been mentioned as a side note, we decided to
not include terms for risk factors in our search strategy.
However, they were applied as an inclusion criterion.
Risk factors for this purpose were anything mentioned
as increasing the risk of a communicable disease
outbreak happening or as a reason for an outbreak
having happened or as a mechanism that promoted
favourable conditions for communicable disease
spread in CHEs. Only those risk factors that apply at
the population or setting level were included, as this
review does not focus on the individual. Risk factors
were eligible for inclusion if they could plausibly apply
in CHEs.
Communicable diseases were defined as infectious
diseases transmissible ‘by direct contact with an
affected individual or the individual’s discharges or by
indirect means (as by a vector)’.7
Definitions for CHEs, sometimes also simply called
complex emergencies, are plentiful; however, as most
agencies involved in the management of this type of
disaster agree on some key issues, we used the United
Nations Office for the Coordination of Humanitarian
Affairs
(UNOCHA)
definition:
“(M)ultifaceted
humanitarian crisis in a country, region or society
where there is a total or considerable breakdown of
authority resulting from internal or external conflict
and which requires a multi-sectoral, international
response that goes beyond the mandate or capacity of
any agency and/or the ongoing United Nations country
programme”.1 As such, emergencies such as the 2013–
10
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2015 West Africa Ebola outbreak, the Plague outbreak
in Madagascar, tsunamis,8 tropical storms and other
disasters associated with a natural hazard are not
classified as CHEs under the UNOCHA definition and
therefore not eligible for inclusion in this systematic
review.
We only included emergencies after 1990 and
publications published on or after 1 January 1994.
These dates were chosen to exclude emergencies
before 1990, which were mainly influenced by the
Cold War and hence considerably different in their
nature. The first major CHE after the end of the Cold
War was Rwanda and with those dates we made sure to
include research on Rwanda but exclude research on
CHEs during the Cold War.
We initially included all languages, but if no one in
the research team could be found who understood the
language an article was published in, we would have
excluded that article for practical reasons. Because
all articles found were either in English, French or
Spanish, no articles were excluded due to language
barriers.

Search strategy and data sources
Our search strategy was developed in discussion
between the authors and based on previous experience
and extensive background reading. The search was
composed of terms for communicable diseases,
including specific diseases that have very often occurred
in previous CHEs and terms for CHEs. We searched the
following bibliographic databases: Scopus, Medline,
Embase and International Bibliography of Social
Sciences (IBSS). The search strategy for Medline
is presented in figure 1. Search terms for Medline
and Embase included subject headings that were
not available in Scopus and IBSS. The search was
conducted in May 2017. Additionally, we searched
the relevant websites of Medecins Sans Frontièrs,
WHO and the United Nations High Commissioner for
Refugees, the United Nations Children and Education
Fund and ReliefWeb (UNOCHA). The search strategy
was adapted for the individual websites according to
the technical and search engine capacities provided by
the websites. All terms were searched in abstracts and
titles, keywords and relevant subject where possible.
References of included publications were also checked.
Reviews were included.
Study selection
Based on the inclusion criteria, CCH and JB screened
titles and abstracts of all articles identified via
bibliographic databases independently. In case of
disagreement, full text was obtained. An article
was included for full-text review if either screener
did not reject it. CCH and JB next screened full texts
independently and decision about final inclusion was
reached discursively. We sought access via libraries
and contacted authors of conference abstracts directly.

RESEARCH

Fig 1 | Search strategy in Medline

Data analysis and synthesis
Due to the qualitative and heterogeneous nature of the
evidence found, this is a qualitative systematic review.
The data were analysed using thematic synthesis.9
Primary coding was done by CCH, except for one article
in Spanish, which was primary coded by JB. JB or CCH
confirmed the primary codes and added secondary
codes for all articles. Coding was done by hand and
codes were transcribed into custom-made coding
sheets, recording quotes, codes and subcodes. Based
on the codes and subcodes, descriptive and analytical
themes were developed.
Results and discussion
Our literature search retrieved 153 articles after deduplication and eight grey-literature documents (as
shown in figure 2). Articles were mainly excluded if
they did not focus on CHEs or applied a significantly
different definition of CHEs than this review does, if
they did not focus on communicable diseases and if
BMJ Global Health Initiatives

they gave no indications of any risk factors. Twentytwo articles were included directly from searches with
an additional four articles retrieved from the reference
lists of included articles. Articles were predominantly
in English. One article was in Spanish and one in
French.
Twelve main clusters of risk factors were identified
that all exhibit a high level of inter-relatedness,
feedback loops and interaction on various levels.
These risk factor clusters provide an analytical lens
and many individual risk factors can be grouped into
primary and secondary (and sometimes even tertiary)
clusters. Table 1 gives an overview of the included
articles, the setting they describe and the risk factor
clusters identified in them.

Main risk factor clusters
• WASH2 10–23: Water, sanitation and hygiene are
central elements to limit the risk of communicable
diseases in populations experiencing an emergency.
As such, they are also central to CHEs and often in
11

RESEARCH

Fig 2 | Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram. IBSS, International Bibliography of Social Sciences

a more precarious state than in other emergencies.
WASH risk factors include issues such as lack
of safe drinking water,2 10 12 14–17 19–21 lack of
hygiene,10 15 19 22 hygiene behaviour,18 21 22 lack of
soap,2 19–21 24 lack of bed nets25 20 (as vector control
is usually seen as a part of WASH in humanitarian
response) and general water scarcity,2 10 12 14–17 19–21
as well as lack of adequate sanitation and latrines.
These factors considerably increase the risk for
diarrhoeal diseases and compound risks for other
types of communicable diseases especially if they
are coupled with other risk factor categories such as
overcrowding and mass population displacement.
• Overcrowding2 10 13 15 17–20 22–24: Overcrowding in
CHEs is usually a function of either mass population
displacement or entrapment. While overcrowding
can also be an issue in ad hoc shelters after the
widespread destruction of homes and infrastructure,
it is more prevalent if populations are forced to
become refugees or internally displaced persons
and are forced into camps. Overcrowding affects
both hygiene-related diseases, such as diarrhoeal
diseases, but also increases the transmission rate of
diseases such as measles and other infections that
spread from person to person.
• Mass population displacement2 10 12 14 15 17–20 23 24 26–34:
Mass population displacement is a trigger for most
risk factor categories and as such possibly the main
risk factor in CHEs. Mass population displacement
is usually associated with large numbers of people
moving into camp settings, often associated
with overcrowding, inadequate shelter and poor
WASH conditions.2 10 15 17–20 29 Additionally,
populations are displaced into regions and areas
with insufficient resources and services and with
12
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potentially increased contact of naive populations
with new disease vectors. Early camp structures
(such as layout of tents and siting of toileting areas)
can lead to further complications. Early layout often
develops as an ad hoc response to mass population
displacement but may prove completely unsuitable
as the camp expands.
• Nutrition2 10 12 13 15 17 19 20 22–24 34: While nutrition
factors such as malnutrition,2 10 13 15 17 19 20 22 24 34 food
shortages2 10–12 17 19 and exposure to contaminated
food19 20 are mainly risk factors at the individual
level, they also pose increased risk to populations as
a whole if a sufficient percentage of the population
is exposed. Nutrition factors are related to increased
susceptibility to communicable diseases with
resulting greater shedding and transmission
to others. At the population level, nutritional
factors can exacerbate other risk factors and risk
factor clusters, for example by increasing the risk
of violence and social unrest. Root causes for
nutrition risk factors lie mainly in other risk factor
clusters such as insecurity and armed conflict or
mass displacement and inadequate humanitarian
response.
• Living conditions2 12 19 20 23: Poor living conditions
are a combination of inadequate shelter,
overcrowding and other individual factors in the
immediate surroundings of an individual or group
of individuals. A key risk for people uprooted from
their normal lives in CHEs and subject to inadequate
resources and shelter is indoor air pollution.2 19 20
This is due to indoor fires, both for cooking purposes
and for heating.2 19 20
• Insecurity2 10 14 19 23 28 30 31 33 35: Insecurity is a
multifaceted bundle of risk factors that is one of
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Table 1 | List of articles included in the analysis
Article
Abubakar et al22

MMWR (2011)

Setting
Risk factor clusters
South Sudan; Internally Displaced Persons (IDPs) camps Infrastructure, economy, mass population displacement, nutrition, overcrowding,
water, sanitation and hygiene (WASH)
Democratic Republic of Congo; mainly refugee camps
Humanitarian response, mass population displacement
Complex emergencies
Health and public health services, HIV-specific risk factors, humanitarian response, insecurity, mass population displacement, nutrition, overcrowding, WASH
Complex emergencies
Infrastructure, mass population displacement, overcrowding, living conditions,
WASH
Complex emergencies; paediatric populations
Economy, health and public health services, mass population displacement,
nutrition, overcrowding, WASH
Complex emergencies
Environment, health and public health services, humanitarian response, living
conditions, mass displacement, nutrition, WASH
Complex emergencies
Nutrition, overcrowding, mass population displacement, health and public health
services, WASH
Complex emergencies
Economy, environment, health and public health services, HIV-specific risk factors, infrastructure, insecurity, mass displacement, living conditions, overcrowding, nutrition, WASH
Complex emergencies
Health and public health services, insecurity, mass population displacement,
WASH
Complex emergencies
Environment, WASH, insecurity, mass population displacement, nutrition,
overcrowding, health and public health services, living conditions, economy,
infrastructure
Complex emergencies
Environment, health and public health services, HIV-specific risk factors, mass
population displacement, overcrowding, living conditions, nutrition, WASH
Rwanda; refugee camps
Environment, WASH
Sudan; IDPs
WASH
Afghanistan
Economy, mass population displacement, health and public health services
Afghanistan
Economy, infrastructure
Complex emergencies
Health and public health services, HIV-specific risk factors, insecurity, mass
population displacement
Afghanistan
Health and public health services
Afghanistan
Insecurity, health and public health services
East Timor
Health and public health services, mass population displacement, overcrowding,
living conditions
Complex emergencies
Economy, HIV-specific risk factors, insecurity, mass displacement
Somalia
Economy, infrastructure, health and public health services, insecurity, mass
displacement
Horn of Africa
Mass population displacement, health and public health services

Salama and Dondero33

Complex emergencies

Toole and Waldman17

Complex emergencies and displacement crises

WHO34

Complex emergencies

Bompangue et al26
Brennan and Nandy10
Burkle18
Burkle24
Chaignat and Monti12
Close et al13
Connolly et al2
Coulombier et al14
Cuadrado and Gonzalez23
Fisher et al15
Goma Epidemiology Group (1995)
Guthmann et al16
Howard et al27
Howard et al25
Khaw et al28
Kolaczinski (2005)
Kolaczinski et al (2005)
Kolaczinski and Webster (2003)
Leyenaar30
Liddle et al31

WHO

20

WHO19

Afghanistan and neighbours
Liberia

HIV-specific risk factors, insecurity, mass population displacement, health and
public health services
Health and public health services, mass population displacement, overcrowding,
living conditions, nutrition, WASH
Environment, health and public health services, humanitarian response, mass
population displacement, nutrition
Environment, health and public health services, living conditions, mass displacement, overcrowding, nutrition, WASH
Economy, environment, health and public health services, HIV-specific risk
factors, infrastructure, WASH, insecurity, living conditions, mass population
displacement, overcrowding, nutrition

the main root causes for increased mortality (all
causes) in complex humanitarian emergencies.
Insecurity is composed of factors such as armed
conflict,10 social disruption10 19 30 33 and political
instability.2 The specific nature of insecurity differs
from complex emergency to complex emergency.
However, by our (UNOCHA) definition, most, if not
all, complex emergencies experience a high level of
severe violence either from inter-state or from intrastate conflict. Insecurity triggers other factors such
as a lack of an adequate humanitarian response as
it poses risks to aid workers and inhibits access to
beneficiaries. Additionally, it also inhibits access
for the population to health services and has a high
potential to disrupt all other services.
• Infrastructure2 18 19 22 23 31: Due to insecurity and
also in some cases long-term neglect and lack of
BMJ Global Health Initiatives

funding, infrastructure in CHEs is often inadequate,
especially in response to mass influx of people either
in camps or in the community. Lack of infrastructure
also often comes with a lack of domestic
coordination,2 19 31 which additionally inhibits
efficient coordination with international response.
A lack of resources,2 31 water,2 10 12 14–17 19–21
electricity,19 funding22 and staff22 makes the affected
population more dependent on an international
response.
• Humanitarian response10 12 26 34: By our (UNOCHA)
definition, a complex emergency demands
a
multifaceted,
multiagency
international
humanitarian response. However, poor response can
itself become a risk for the spread of communicable
diseases. Problems can lie with the response itself,
due to a lack of international commitment or a
13
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lack of professionalism of the responding agencies
and organisations.12 Problems can also arise
domestically due to restrictions by governments
or warring parties, unsafe conditions in which aid
workers cannot properly work without unacceptable
levels of risk for themselves or lack of access for
various reasons.10 34 This also includes lack of
organisational motivation22 and poor institutional
support10 and complex international issues such
as the lack of a binding legal framework for the
protection of internally displaced populations.24
Environment2 12 15 19–21 23 34: Environmental factors
can increase the likelihood of communicable
diseases outbreaks, and this is true beyond the
context of CHEs. However, many environmental
factors, which would not have mattered otherwise,
can be triggered by mass population displacement,
especially if populations are displaced into areas
with a higher prevalence of environmental risk
factors. Environmental risk factors include weather
and climate factors, such as cold and dust storms,2 20
but also vector habitats,19 20 34 increased contact with
animals19 20 and endemic diseases.2 12 19 Mass
population displacement potentially puts people
at risk from these factors and also exacerbates the
factors themselves due to the additional stress
placed on the local environment by camps and
by an influx of large numbers of people, often
accompanied with significant land use changes.19
Economy2 19 23 25 27 30 31: While economic factors such
as poverty and lack of resource are certainly issues
that are important in humanitarian emergencies,
they are not of the highest importance in CHEs.
Poverty and economic degradation have the
ability to further exacerbate the root causes of the
underlying conflict but only indirectly increase the
likelihood of communicable disease outbreaks.
Health
and
public
health
services2 10 12–15 17 19 20 23 24 27–29 31–36: Breakdown of
health and public health services is probably one of
the main risk factors for communicable diseases in
CHEs both for individuals and for populations. Lack
of access to health and medical care is a key risk
factor for severe progressions of most communicable
diseases for the individual.2 10 12 15 17 19 20 28 29 31 33 34 It
also facilitates the further spread of communicable
diseases such as tuberculosis and makes detection
of cases and outbreaks harder. Additionally, in
complex emergencies, public health services
including vaccination, communicable disease
prevention and control measures, and surveillance
are no longer available making disease outbreaks
more likely, harder to detect and harder to
control.2 10 12 13 15 17 19 20 24 27 31–33 35 This breakdown of
services can be seen as a function of the underlying
conflict but is further compounded if there is not
enough political will to provide adequate health
protection.2
HIV-specific risk factors2 10 15 19 28 30 33: HIV is a unique
and often overlooked concern in CHEs. While many
of the aforementioned risk factors also apply to HIV,
BMJ Global Health Initiatives

there are some very specific additional risk factors
that are associated with an increase in the incidence
of HIV in complex emergencies. Key risk factors for
an increased transmission of HIV include sexual
and gender-based violence,2 10 15 19 28 30 33 increased
rates of sex work,2 10 19 28 30 33 use of unsafe blood
products and conflict-related increased demand
for (potentially unsafe) blood products,2 19 28 lack
of infection control in healthcare facilities,2 19 28
lack of condoms2 28 and an increased use of illicit
drugs.19 28 33 A high sexually transmitted infection
prevalence can be linked to an increased risk of
contracting HIV.15 Lack of healthcare access and
lack of antiretroviral therapy increase the likelihood
of vertical transmission,30 and mass population
displacement can lead to increased contact (sexual
and otherwise) with populations with a higher
prevalence.10 28 33

Risk factor cascades
The risk factor clusters as well as individual risk factors
often interact and exacerbate one another. Some risk
factors and risk factor cluster are particularly likely
to start risk cascades, especially mass population
displacement (as illustrated in figure 3) and insecurity
(as illustrated in figure 4).
One of the key mechanisms for driving risk factors
for communicable diseases in complex emergencies is
mass displacement (as shown in figure 3), especially
mass displacement into camp settings.18–20 Camp
settings enforce a high dependence on outside
support for the residents. This makes residents more
at risk for other risk factors. Mass displacement can
reduce access to healthcare and even if access to
healthcare is maintained the level and quality might
be poor.2 10 15 17 18 Mass displacement thus tends to
trigger all risk factors associated with lack of access to
healthcare and increases the risks for communicable
diseases both at individual and community levels.
This is often coupled with living conditions that are
conducive to increased transmission of communicable
diseases and put the individual more at risk.2 12 19 20
This includes the lack of adequate shelter, which is
especially prone to increase vector-borne diseases and
respiratory diseases, especially in areas with cold
temperatures.2 10 15 17 19 20 24 29 Overcrowding—often
together with inadequate shelter and lack of sufficient
WASH—increases the likelihood of triggering
hygiene risk factors and also the transmission rate of
respiratory infections and diseases such as measles.
For respiratory infections, this is further exacerbated
by conditions that lead to the use of indoor fires and
subsequent indoor air pollution.2 19 20
Additionally, as human populations become more
overcrowded, transmission of infections becomes
more efficient, that is, the reproductive ratio (R0)
of the infection increases.37 As R0 increases, the
threshold immunisation coverage needed to achieve
herd immunity also increases.38 Consequently,
immunisation coverage that was previously sufficient
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Fig 3 | Mass population displacement cascade. WASH, water, sanitation and hygiene

is inadequate to prevent outbreaks. One of the main
problems, especially in overcrowded camps, is the
provision of safe water and adequate hygiene. If
WASH conditions deteriorate, especially diarrhoeal
disease risk increases considerably. Any insufficiency
in WASH is more pronounced when coupled with high
population density, as experienced in camp situations.
However, mass displacement, even when not coupled
with displacement into camps, also triggers additional
risk factors. Displacement can be into areas with
endemic diseases to which the displaced population
has no immunity.12 Additionally, mass displacement
makes populations vulnerable to environmental factors
as well as reinforcing these.12 21 Mass displacement can
exacerbate insecurity and therefore reignite a vicious
circle leading to further displacement and breakdown
of healthcare, services and infrastructure.
Insecurity itself, whether exacerbated by mass
displacement or not, is an important triggering
mechanism for communicable disease risk factors
in CHEs (as shown in figure 4). Insecurity, including
political instability, armed conflict and social
disruption, destroys services that previously prevented
the spread of communicable diseases or disallows
access to these services by making accessing them
unsafe.2 10 14 19 28 30 31 33 36 39 40 This is particularly
important for healthcare services that in the last
few years have increasingly become a target of
armed conflict and attacks, decreasing the safety of
both staff and patients.41–43 Additionally, disease
prevention programmes are likely to be disrupted
and infrastructure to be destroyed.15 17 20 36 With
regard to humanitarian response, which can under
certain circumstance step into the place of previously
government-provided services, insecurity makes an
adequate humanitarian response difficult.10 34 Not
only will access to affected populations be difficult,
especially in situations when insecurity and active
fighting lead to entrapment or even to siege situation,
as recently seen in Syria and Iraq, but insecurity also
BMJ Global Health Initiatives

poses risks to aid workers’ security both for domestic/
national and international/expatriate staff.10 34 Aid
organisations
are—understandably—increasingly
reluctant to accept very high risks to their personnel,
leading to gaps in provision of services, which
would otherwise have been filled by a humanitarian
response. Insecurity also increases the risk of the loss
of domestic experts in disease prevention due to injury,
death and flight.42
These are only some aspects of two of the
many mechanisms by which CHEs drive risks for
communicable diseases. We identified further
cascades triggered by economics and infrastructure
and risk factor cluster interaction for WASH and health
systems risk factors. However, the level of complexity
in these types of emergencies makes it impossible to
capture all levels of interaction adequately. It is not so
much that complex emergencies create different risk
factors than other humanitarian crises but that they
exacerbate any individual risk factors and compound
interaction effects. Levels of risk factors will invariably
be higher in a complex emergency and the amount
of interacting risk factors creates a ‘perfect storm’44
where a multifaceted, well-funded and logistically and
politically highly integrated humanitarian response
is not possible due to political, financial or security
reasons. These conditions make the danger of one or
more outbreaks of communicable diseases extremely
high.
While complex humanitarian emergencies do not
trigger risk factors that are unknown in other types of
emergencies and disasters, they produce much higher
levels of risk and often tend to trigger more of the
known risk factors as well as risk factor cascades. Risk
factors related to poor sanitation and hygiene,45–52
nutrition,46 53–55 mass population displacement and
overcrowding47 53 56–60 have been discussed extensively
in the academic literature as being important in most
types of emergencies, while risk factors resulting from
an inadequate humanitarian response, armed conflict
15
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Fig 4 | Insecurity cascade

and a breakdown in government services are generally
more associated with complex emergencies and other
situations linked to failing statehood, such as civil war.
The question remains of how to make useful this
information on risk factors and their interactions.
While many of the risk factors and even starting points
of risk factor cascades are addressable, the context
of a complex emergency often prevents any such
interventions. A key first step in any attempt to address
these issues in a given complex emergency is a rapid
but thorough initial needs assessment,3 61–63 including
an assessment of the most critical risk factors present
in that specific complex emergency in order to develop
an evidence-based intervention strategy. However,
it is unclear how to best undertake such a needs
assessment. Moreover, beyond the development of
evidence-based risk assessment and management
methods, there is a need for more rigorous research
into the operational and structural barriers that make
it difficult to address risk factors in CHEs.

Limitations
This
systematic
review
included
subjective
interpretation as risk factors were rarely the main focus
of the included articles. Authors do not always clearly
describe the risk factors and their mechanisms. This
introduced an interpretative and subjective element
within the included articles, which became more
subjective due to the level of interpretation required to
complete the thematic synthesis. However, the authors
maintained constant feedback to one another and
discussed challenges, interpretations and limitations
to ensure reliability and validity of the findings to
the degree that a qualitative analysis allows. We are
therefore confident that our interpretation properly
reflects the data, although agreeing that other
interpretations are possible and may be equally valid.
This review was necessarily a qualitative synthesis as
the evidence base (heterogeneous and qualitative in
nature) did not support quantitative analysis.
16
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Conclusion
CHEs pose a significant threat to public health. The
described cascades, interactions and feedback loops
are only some of the most striking examples. The
increased exposure to very many interacting risk
factors and the resulting risk factor cascades created
by a complex emergency encourages a perfect storm of
communicable diseases risk.
However, despite these extremely increased
risks and the exceptional situation that CHEs
pose, we did not find a correspondingly high level
of academic engagement with the issue. Most
of the included articles discussed situations of
mass displacement into camps, which is arguably
the best studied situation concerning complex
emergencies. However, conflicts like Syria and
Yemen demonstrate that this might not be the most
important situation in the 21st century. Syria and
Yemen feature high levels of entrapment,64–67 as
they are characterised by limited or no displacement
due to a lack of safe humanitarian corridors. This
situation coincides with a high level of most other
risk factors, especially lack of access to healthcare,
lack of humanitarian response, lack of WASH and
other services, food insecurity and high levels of
insecurity. We conclude that more rigorous research
on the risk of communicable disease outbreaks in
complex humanitarian emergencies could elucidate
opportunities to either prevent or better manage
such events. Such research should be undertaken in
collaboration between practitioners and academics.
More CHE research on entrapment situations is
especially desirable, in response to the nature of
recent conflicts.
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ABSTRACT
Background
Fever in the returned traveller is a potential medical
emergency warranting prompt attention to exclude
life-threatening illnesses. However, prolonged
evaluation in the emergency department (ED)
may not be required for all patients. As a quality
improvement initiative, we implemented an algorithm
for rapid assessment of febrile travelers (RAFT) in an
ambulatory setting.

(n=10, 6.5%), laboratory-confirmed influenza (n=8,
5%) and lobar pneumonia (n=8, 5%).

Methods
Criteria for RAFT referral include: presentation to
the ED, reported fever and travel to the tropics or
subtropics within the past year. Exclusion criteria
include Plasmodium falciparum malaria, and
fulfilment of admission criteria such as unstable vital
signs or significant laboratory derangements. We
performed a time series analysis preimplementation
and postimplementation, with primary outcome of
wait time to tropical medicine consultation. Secondary
outcomes included number of ED visits averted for
repeat malaria testing, and algorithm adherence.

Introduction
Fever in the returned traveller is a common syndrome,
occurring in 17% of ill returned Canadian travellers
and new immigrants presenting for care after travel.1
Although often due to self-limited infections, such as
travellers’ diarrhoea, fever after travel may indicate
serious and potentially life-threatening causes, such
as malaria, dengue or typhoid fever, as was the case
in 28% of febrile returned Canadian travellers or new
immigrants studied recently.1 Fever in the returned
traveller is necessarily encountered by front-line
Canadian practitioners such as family physicians,
walk-in physicians and emergency department (ED)
physicians who do not specialise in infectious diseases.
Thus, standardised management protocols, algorithms
and guidelines are needed to assist in the management
of this commonly imported syndrome.
A major gap in the care of febrile returned travellers
exists in Canada. Fever in this population constitutes
a potential medical emergency warranting immediate
exclusion of life-threatening travel-acquired infections.
One to two Canadians are reported to die each year
due to delayed diagnosis or treatment of malaria,2
and many more become critically unwell and require
admission to intensive care.3 However, most febrile
returned travellers will have more benign aetiologies,
such as traveller’s diarrhoea (TD) or respiratory tract
infections;14 yet there is no standardised ’system’
for close follow-up and monitoring of such patients
in the critical first few days of their illness, when
deterioration may occur or a serious diagnosis may
declare itself. Thus, many patients are either admitted
to hospital for observation, or are discharged from
the ED with ambulatory infectious diseases followup, days to weeks later. This gap in care translates
into over-utilisation of acute care, such as the ED and
general medicine inpatient service, and also leads to
under-provision of care for those who present early
in their potentially serious illness with more benign
appearing clinical parameters.5
National Canadian guidelines on the assessment
of febrile returned travellers have been published,6
and we have adapted these guidelines into an ED

Results
From February 2014 to December 2015, 154 patients
were seen in the RAFT clinic: 68 men and 86 women.
Median age was 36 years (range 16–78 years). Mean
time to RAFT clinic assessment was 1.2±0.07 days
(range 0–4 days) postimplementation, compared to
5.4±1.8 days (range 0–26 days) prior to implementation
(p<0.0001). The RAFT clinic averted 132 repeat malaria
screens in the ED over the study period (average 6 per
month). Common diagnoses were: traveller's diarrhoea
(n=27, 17.5%), dengue (n=12, 8%), viral upper
respiratory tract infection (n=11, 7%), chikungunya

Strengths and limitations of this study
Fever in the returned traveller is a medical emergency, potentially heralding
life-threatening infections such as malaria, or more benign aetiologies, some of
which may self-resolve.
As a clinic-based quality improvement initiative, we designed and implemented
an algorithm for ‘Rapid Assessment of Febrile Travelers’ based on Canadian
national fever assessment guidelines, and demonstrated a significant reduction
in wait-time to Tropical Medicine assessment and emergency department (ED)
bed-usage.
We also demonstrated a reduction in repeat ED visits for follow-up malaria
screening after an initial negative.
We did not have access to the full range of hospital administrative ED data that
would permit quantification of economic savings; thus, we did not perform an
economic analysis.
We identified an aetiological diagnostic gap in 14% of patients, a rate that is
similar to other studies of fever in the returned traveller.
BMJ Global Health Initiatives

Conclusions
In addition to provision of more timely care to
ambulatory febrile returned travellers, we reduced ED
bed-usage by providing an alternate setting for followup malaria screening, and treatment of infectious
diseases manageable in an outpatient setting, but
requiring specific therapy.
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decision-algorithm to standardise the evaluation
and disposition of such patients, through creation of
the ’Rapid Assessment of Febrile Travelers’ (RAFT)
Programme. The RAFT algorithm triages patients to
either hospital admission, in the case of unstable vital
signs, significant laboratory derangements, volume
depletion or Plasmodium falciparum malaria, or to
same-day referral to the RAFT Clinic in the Tropical
Disease Unit (TDU) of Toronto General Hospital, if
patients fail to fulfil admission criteria (figure 1). In
addition, the RAFT algorithm provides management
advice and diagnostic stewardship to the participating
EDs. The RAFT Programme aims to fill the identified
care gap and, in the process, improves patient flow,
utilisation and delivery of service and clinical outcomes.
We herein report our primary and secondary outcome
measures of quality and performance at 10 months
postimplementation of the RAFT programme.

Methods
Preimplementation
We collected data on the turnaround time of referrals
for fever in the returned traveller to the TDU at Toronto

General Hospital from three EDs of Mount Sinai
Hospital (MSH) and the University Health Network
(UHN) between October and December 2013. This
enabled establishment of a baseline ’referral wait time’
to definitive consultation for febrile returned travellers
at our institution.

Algorithm development
In consultation with the three EDs of MSH and UHN,
we adapted the national fever assessment guidelines6
into a simple decision-algorithm for use in the ER
(figure 1), as well as supporting materials for clinicians
and patients (see online supplementary files 1 and 2).
Patients are eligible for RAFT Clinic referral if they:
report subjective fever or are objectively febrile in the
ED; have travelled outside North America to a tropical
or subtropical destination in the past year; are being
assessed in the ED between 08:00 on Sunday to 08:00
on Friday. Exclusion criteria for RAFT Clinic referral
include: unstable vital signs; significant laboratory
derangements; volume depletion; fulfilment of other
standard hospital admission criteria; and initial
malaria screening that is positive for P. falciparum

Fig 1 | Algorithm for assessment of fever in the returned traveller. †The Rapid Tropical Assessment Clinic is designed to ensure definitive disposition
of a febrile returned traveller within 24 hours of their initial emergency room presentation. Between Friday after 8:00 and Sunday before 8:00, as
well as statutory holidays and the obligatory ambulatory closure for 2 weeks over the Christmas/New Year’s block, the Rapid Tropical Assessment
Clinic is unavailable. During these times, if the patient does not have Plasmodium falciparum or otherwise fulfil admission criteria, the patient
should still be referred to General Internal Medicine or Infectious Diseases for disposition (as per standard historical procedure). §Additional
investigations should be based on clinical judgement. For example, a febrile returned traveller with diarrhoea should also have stool investigations;
a febrile returned traveller with dysuria should have urine Culture&Sensitivity±STI screening, etc.*If the malaria screen is positive for Plasmodium
vivax, P. ovale or P. malariae (ie, non-P. falciparum), please initiate chloroquine therapy: 4 tablet loading dose (600 mg base), followed by 2 tablets
6 hours later. Completion of therapy will be organised by the Rapid Tropical Assessment Clinic. If the malaria screen is positive for P. vivax and the
patient travelled to Papua New Guinea or Indonesia, please initiate Malarone therapy: 4 tablets orally×1 with food. Completion of therapy will be
organised by the Rapid Tropical Assessment Clinic. Chloroquine tablet: 150 mg base (in a 250 mg tablet). Treatment course: Loading dose of 600
mg base, followed by 300 mg base 6 hours later. This is followed by 300 mg base at 24 and 48 hours for a total of 1.5 g base. Malarone tablet: fixed
combination of 400-mg atovaquone+100-mg proguanil. Treatment course: 4 tablets orally once daily with food ×3 days. CBC, complete blood count;
ICU, intensive care unit; ID, infectious diseases; LFT, liver function test; NP, nasopharyngeal; P. falciparum, Plasmodium falciparum; STI, sexually
transmitted infections
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malaria. For patients referred to the TDU via the RAFT
algorithm, we offer a same-day or next-day assessment
clinic (RAFT Clinic), which runs concurrently with
regularly scheduled ambulatory tropical medicine
clinics. The RAFT Clinic is operational on weekdays,
and is staffed by 1–2 administrative assistants, 1 of 2
staff physicians on each day and up to three rotating
resident trainees. A roster of eight staff physicians
in tropical medicine offer coverage of TDU staff
physician absences. No additional hospital resources
were committed to development or implementation
of the programme. Since the RAFT clinic operates
concurrently with regularly scheduled tropical
medicine clinics, there is no net increase in resources
allocated.

Implementation
The RAFT programme (ED algorithm and RAFT Clinic
in the TDU) were implemented simultaneously at the
three EDs of MSH/UHN at the end of February 2014. Inservices were provided to the staff of participating EDs,
and wall posters were mounted in each ED. Binders
containing the national fever assessment guidelines,
and copies of the RAFT algorithm (figure 1), patient
handout (see online supplementary file 1) and RAFT
referral form (see online supplementary file 2) were
strategically placed in each ED, and online. Pocket
cards of the algorithm were provided to ED staff as
well as Infectious Diseases staff, residents and fellows
who typically field calls regarding febrile returned
travellers. All Infectious Diseases staff were reminded
of the RAFT programme at monthly business meetings
during the initial implementation period.
Postimplementation evaluation
Following institutional review board approval at MSH
and UHN, we extracted demographic, clinical and
health systems data on all RAFT patients evaluated
between 28 February 2014 and 31 December 2015,
and entered them into a password protected MS
Access database. The primary outcomes of interest
were turnaround time of referrals for febrile returned
travellers postimplementation. Secondary outcomes
of interest included: number of repeat ED visits prior
to the RAFT clinic visit (ideally 0–1 day later), bedusage averted for repeat 24 hour malaria screening
and adherence to the algorithm regarding laboratory
investigations.
Analysis
Descriptive statistics (mean, SD, median, range) were
calculated for continuous variables, and differences
were compared using Student’s t-test or, in the case
of non-normal distribution, the Mann-Whitney Rank
Sum test. Categorical variables were quantified by
proportions, and differences were compared using
Yates’ corrected χ2 analysis. All computations were
performed using the GraphPad Prism software
(GraphPad, USA). Level of significance was set at
p<0.05.
BMJ Global Health Initiatives

Results
Over the first 22 months of implementation, 198
patients were referred to the RAFT clinic and 154
(78%) were assessed, while 44 patients referred to the
RAFT clinic failed to present to the clinic as instructed.
Of those who did not come to the clinic on referral,
19 (43%) were contacted and rescheduled, 9 (20%)
felt completely well and did not want an appointment
and 13 (30%) were lost to follow-up, though not seen
again in the ED for their presenting illness. Of the 154
patients referred and assessed in the RAFT clinic, 68
(44%) were men and 86 (56%) were women. Median
age was 36 years (range 16–78 years). English was the
first language of 81% (n=124). Median time between
presentation to the ED and evaluation by an ED
physician was 76 min (range 9–359 min; 90th centile
168 min), compared to a provincial median of 60 min
and 90th centile of 180 min (Ovens, unpublished
data). Median time between initial presentation to the
ED and to the first malaria screen was 105 min (range
0–911 min). Median time between initial presentation
to the ED and to final disposition was 290.5 min (range
32–936 min; 90th centile 537.8 min), compared to a
provincial median of 180 min and 90th centile of
420 min (Ovens, unpublished data).
Mean time to RAFT Clinic assessment following
ED discharge was 1.2±0.07 days (range 0–4 days)
postimplementation, compared to 5.4±1.8 days (range
0–26 days) prior to implementation (p<0.001). Time
to RAFT Clinic assessment did not differ by age, sex,
first language or family physician status; however, we
noted an increased time to assessment for referrals
made on Friday and Saturday (p<0.0001; table 1). No
patient was admitted to hospital during or following
care of their travel-acquired illness in the RAFT clinic.
Twenty-two patients (14%) had a repeat visit to the ED
prior to assessment in the RAFT clinic, and for those
patients, their second malaria screen was performed.
The RAFT clinic averted an average of six repeat
malaria screens in the ED per month, as these were
now being performed in the RAFT clinic, rather than
using ED resources. This translates to a 24 hour per
month reduction in ED bed-usage, assuming a 4 hour
stay in the ED for triage, blood work and the malaria
result to be returned.
Top regions of exposure were: the Caribbean (n=43,
28%), sub-Saharan Africa (n=31, 20%), South Asia
(n=24, 16%), Southeast Asia (n=17, 11%), Central
America/Mexico (n=17, 11%) and South America
(n=14, 9%). Among 79 different countries visited by
RAFT patients, the most common countries of exposure
were: India (n=18, 12%), the Dominican Republic
(n=15, 10%), Cuba (n=9, 6%), Tanzania (n=9, 6%),
Brazil (n=8, 5%), Thailand (n=8, 5%), Mexico (n=7,
4.5%), Jamaica (n=6, 4%) and South Africa (n=5,
3%). The median trip duration was 14 days (range
3–1095 days).
The median temperature of RAFT Clinic patients
at presentation in the ED was 37.1°C (range 35.2–
40.7°C). Adherence to the recommended initial blood
work algorithm was variable. Ninety-nine per cent of
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patients (n=152) had a complete blood count (CBC)
drawn, while 98% (n=151) had electrolytes and
creatinine drawn. Ninety-four per cent of patients
(n=144) received malaria screening. Among those
who did not receive malaria screening, 6 of 10
travelled to areas without appreciable malaria risk
such as the USA (n=2), Cuba (n=1), Trinidad (n=2) and
Mexico (n=1), while 4 (40%) travelled to areas where
malaria screening would have been indicated such as
Nicaragua (n=2), the Dominican Republic (n=1) and
the Philippines (n=1). Adherence to the remainder of
the suggested blood work, in decreasing order, was as
follows: liver function tests (hepatic transaminases,
bilirubin, alkaline phosphatase) 90% (n=138), blood
cultures 88% (n=135) and urinalysis 65% (n=100).
Diagnoses were classified into major common
presenting febrile syndromes, such as gastrointestinal
(n=44, 29%), respiratory (n=39, 25%), vector-borne
(n=32, 21%), sexually transmitted infection (STI)/
genitourinary (n=13, 8%), lymphadenopathy (n=2,
1%), skin and soft-tissue infections (n=2, 1%),
musculoskeletal (n=1, 0.6%), non-specific viral
syndrome (n=19, 12%) and no final aetiological
diagnosis (n=3, 2%). Non-infectious causes were
found in three travellers (2%). Common aetiological
diagnoses were: TD (n=27, 17.5%), dengue fever
(n=12, 8%), viral upper respiratory tract infection
(URTI) (n=11, 7%), chikungunya fever (n=10, 6.5%),
Table 1 Comparison of RAFT clinic referral time by
patient demographics
Referral to
TDU wait time
(days)
Mean
Sex*
 Male
1.2
 Female
1.2
Age (years)†
1
 
<19
 19–50
1.2
1.3
 
>50
First language‡
 English
1.2
 Non-English 1.3
Family Doctor§
 Yes
1.2
 Unknown
1.3
Day of the week¶
 Monday
1.4
 Tuesday
0.8
 Wednesday 1
 Thursday
0.8
 Friday
1.9
 Saturday
2.0
 Sunday
1.2

SD

Median

Range

0.8
0.8

1
1

0–3
0–4

0
0.8
1.0

1
1
1

1
0–4
0–3

0.8
0.8

1
1

0–4
0–3

0.8
0.8

1
1

0–4
0–3

1.0
0.5
0.4
0.4
1.4
0.6
0.7

1
1
1
1
3
2
1

0–3
0–2
0–2
0–1
0–3
1–3
0–4

*No difference by the Mann-Whitney Rank Sum test, p=0.558.
†No difference by One-Way ANOVA on Ranks with Dunn’s post hoc test,
p=0.543.
‡No difference by the Mann-Whitney Rank Sum test, p=0.493; nonEnglish first languages included Spanish (n=5), Mandarin (n=4), French
(n=4), Tagalog (n=3), Hindi (n=2), Portuguese (n=2), Greek (n=2) and 1
each of Bosnian, Bulgarian, Guyanese, Korean, Russian, Tamil, Thai and
Ukrainian.
§No difference by the Mann-Whitney Rank Sum test, p=0.19.
¶p<0.0001 by One-Way ANOVA on Ranks with Dunn’s post hoc test.
ANOVA, analysis of variance; RAFT, Rapid Assessment of Febrile
Travelers; TDU, Tropical Diseases Unit.
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laboratory-confirmed influenza (n=8, 5%), lobar
pneumonia (n=8, 5%), acute urinary tract infection
(n=7, 4.5%) and rickettsioses (n=6, 4%) (table 2).
Acute HIV was diagnosed in two febrile returned
travellers, and Plasmodium vivax malaria in another
two (table 2). Two cases of P. falciparum malaria were
diagnosed among RAFT Clinic patients; however, both
of these patients had been appropriately referred to
and assessed by the inpatient Infectious Diseases
consultation service, as per the algorithm, and then
referred to RAFT by the Infectious Diseases team,
rather than coming to RAFT off-protocol directly from
the ED. All cases of chikungunya fever were acquired
in the Caribbean or Central America: three in Jamaica,
three in the Dominican Republic and one each in the
British Virgin Islands, Costa Rica, the Dominican
Republic, St. Lucia and St. Vincent.

Discussion
Implementation of the RAFT clinic led to a 78%
reduction in the time to assessment by ambulatory
tropical medicine, and this enabled febrile returned
travellers to be followed closely during the critical first
few days of illness during which clinical deterioration
can occur. That we did not have any patients requiring
admission following assessment in the RAFT clinic
supports that such an ED algorithm and programme
can be implemented safely. For the two patients with P.
falciparum malaria, the RAFT algorithm was followed
and those patients were appropriately referred to the
Infectious Diseases consultation service for evaluation,
prior to being sent to RAFT by the Infectious Diseases
team. Conversely, the benign, self-limited nature of
many travel-acquired illnesses was reiterated by the
number of patients seen in the EDs and referred to RAFT,
but who felt better by the following day and declined
the appointment. Since no additional resources
are committed to running the RAFT programme as
patients are accommodated into the regular schedule,
the impact of ’no shows’ on clinic operations is
negligible. Averaged over a year, our results suggest
that implementation of a RAFT programme can avert
∼72 repeat ED visits and 288 hours of ED bed-usage for
a second malaria screening, thereby enhancing patient
care and reducing workload in the ED.
Our RAFT algorithm was derived from national
guidelines on the approach to febrile returned
travellers.6 Yet adherence to the recommended
minimum blood work was variable, with excellent
adherence to malaria screening, CBC, electrolytes
and creatinine, and lesser adherence to tests such as
hepatic transaminases and urinalysis. Liver function
tests are often perturbed in febrile returned travellers
with diagnoses such as dengue, enteric fever, EpsteinBarr virus (EBV), cytomegalovirus (CMV), leptospirosis
and the viral hepatitides, even in the absence of overt
jaundice. Furthermore, hyperbilirubinaemia is one
of the diagnostic criteria for severe malaria.7 The
pattern of abnormality of liver tests can be useful
in refining the differential diagnosis. For instance,
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Table 2 | Final diagnoses issued to 154 febrile returned
travellers evaluated in the RAFT Clinic between 28
February 2014 and 31 December 2015
Syndrome/aetiology
Gastrointestinal syndromes
 Traveller’s diarrhoea, no confirmed
aetiology
 Campylobacter
 Salmonella, non-typhoidal
 Salmonella typhi/enteric fever
 Strongyloidiasis
 Giardiasis
 Dientamoeba fragilis
 Viral enteritis
 Gastritis
 Clostridium difficile colitis
 Postinfectious irritable bowel
syndrome
Respiratory syndromes
 Viral upper respiratory tract infection
 Lobar pneumonia
 Influenza-like illness
 Influenza A
 Influenza B
 Mononucleosis and mono-like
syndrome due to EBV or CMV
 Lower respiratory tract infection,
non-lobar pneumonia
 Haemophilus influenzae
 Group A streptococcus pharyngitis
 Acute sinusitis
 Coxsackie virus
Vector-borne, non-localising
 Dengue fever
 Chikungunya fever
 Rickettsioses
 Malaria, Plasmodium vivax
 Malaria, Plasmodium falciparum
STI/genitourinary
 Acute urinary tract infection, including
urosepsis
 Acute HSV-1
 Acute HIV
 Syphilis, secondary
 
Chlamydia trachomatis
Fever with lymphadenopathy
 Lymphadenitis, bacterial
 Toxoplasmosis
Skin and soft-tissue infections
 Cellulitis
 Shingles
Musculoskeletal
 Septic arthritis
Non-specific viral syndrome
Non-infectious
 Temporal arteritis
 Toxidrome, cocaine
 Syncope
No diagnosis

Number
44
27

Per cent
29
17.5

3
3
3
2
1
1
1
1
1
1

2
2
2
1
0.6
0.6
0.6
0.6
0.6
0.6

39
11
8
4
4
4
3

25
7
5
3
3
3
2

1

0.6

1
1
1
1
32
12
10
6
2
2
13
7

0.6
0.6
0.6
0.6
21
8
6.5
4
1
1
8
4.5

2
2
1
1
2
1
1
2
1
1
1
1
19
3
1
1
1
3

1
1
0.6
0.6
1
0.6
0.6
1
0.6
0.6
0.6
0.6
12
2
0.6
0.6
0.6
2

CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV-1, herpes simplex
virus type 1; RAFT, Rapid Assessment of Febrile Travelers; STI, sexually
transmitted infection.

predominant elevation of hepatic transaminases
occurs in arboviral infection, enteric fever, EBV, CMV
and viral hepatitis. Conversely, a more cholestatic
picture is suggestive of leptospirosis, biliary
obstruction and even viral alcalulous cholecystitis.
Thus, hepatic transaminases and bilirubin should
BMJ Global Health Initiatives

be collected on all febrile returned travellers in
order to inform the differential diagnosis, even in
the absence of right upper quadrant pain and overt
jaundice. Urinalysis, independent of urine culture,
is also helpful in refining the differential diagnosis
and may be abnormal in those without frank urinary
symptoms, but with common travel-related diagnoses
such as pyelonephritis (often occurring in the setting
of traveller’s diarrhoea), STIs including chlamydia
and gonorrhoea, and leptospirosis, which leads to
significant proteinuria. Conversely, the temptation to
perform urine culture on febrile returned travellers
without signs or symptoms of bacterial cystitis
or pyelonephritis should be resisted in order to
avoid inappropriate antimicrobial treatment of
asymptomatic bacteriuria. Even in the absence of a
dedicated RAFT programme, we advise adherence
to the national guidelines for assessment of febrile
travellers, though, as demonstrated in this analysis,
adherence overall was quite good.
Respiratory tract infections are the third most
common cause of fever in the returned traveller in singlecentre and multicentre analyses.68–13 We noted that
respiratory syndromes were the second most common
presentation among this group of febrile returned
travellers, including eight cases of laboratory-confirmed
influenza. We noted at least 1 ’off season’ transmission
of travel-acquired influenza A imported back to Canada
in the month of July, which reinforces the point that
influenza circulates with reciprocal seasonality in the
temperate southern hemisphere (ie, during their winter
months, which are our summer months).14 Influenza
can circulate year-round in the tropics, so clinicians
must have it on their differential diagnosis and perform
nasopharyngeal (NP) swabs on returned travellers
with influenza-like illness, regardless of the month or
season here. Testing laboratories should be alerted to
the potential for off-season transmission of influenza in
travellers, so that they may adjust their NP screening
algorithms accordingly.
In single-centre and multicentre analyses, TD
is the most common cause of non-malarial fever
in the returned traveller.68–13 Invasive bacterial
gastroenteritides (eg, Campylobacter, Salmonella)
are common specific causes of fever in the returned
traveller, but a specific aetiological confirmation is
unlikely due to the insensitivity of stool culture. Of 33
febrile returned travellers with presumed bacterial TD
in this study, only six had stool culture positivity for a
typical bacterial enteropathogen, despite >80% of TD
being bacterial.15 This lack of aetiological confirmation
among individuals with TD has led to widespread
implementation of empiric treatment strategies (eg,
3 days of ciprofloxacin15); however, this approach
may foster increased fluoroquinolone resistance
among endogenous flora, and is counter to the
tenets of antimicrobial stewardship. High-sensitivity,
multiplex stool pathogen detection assays, now even
commercially available,1617 have the potential to better
direct antimicrobial treatment decisions in returned
travellers with TD.
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While fatal malaria has been continually imported
by febrile returned travellers, it was the 2013–2015
Ebola virus disease (EVD) crisis, during which time
fatal and non-fatal cases of EVD were exported from
West Africa, that really brought the need for a travel
history to the forefront. While we did not have any
patients with EVD during our enrolment period,
∼17% of diagnoses (n=26) in this population of
febrile returned travellers were notifiable at both the
provincial and federal level, including influenza, HIV,
salmonellosis, campylobacteriosis, typhoid fever,
giardiasis and malaria, indicating public health import
and/or potential communicability.18 Our diagnosis of
four febrile returned travellers with acute HIV, syphilis
and genital chlamydia infection reinforces the need for
a thorough sexual and behavioural history, especially
in the context of known disinhibition on the part of
travellers.19 In their cross-sectional study of >112 000
ill returned international travellers, Matteelli et al20
documented STIs in 0.9%, many of which were acute
HIV. Common STIs including secondary syphilis, acute
HIV, acute HSV1 or HSV2, and gonococcemia can all
lead to fever in the returned traveller. As such, these
diagnoses should remain on the differential diagnosis
and be excluded in the sexually active febrile returned
traveller with a compatible history and clinical picture.
The several limitations of this analysis should be
acknowledged. First, owing to limitations in the scope
and funding of the study, we do not have the full range
of hospital administrative ED data that would permit
quantification of economic savings; thus, an economic
analysis was neither planned nor performed. Although
we cannot apply a dollar value to the economic savings
of an ED visit averted for fever after travel, owing to the
variability of this metric, we believe that our programme
offers a systems-level improvement in care as most
patients appreciate timely definitive management and
avoidance of ED visits if possible. Second, illnesses
with very short incubation periods, such as influenza
and URTIs, may be over-represented and erroneously
attributed to travel. We cannot definitively exclude
the possibility that some cosmopolitan causes of
fever in this group of returned travellers were locally
acquired. Third, our ability to comment on the full
spectrum of aetiological illness in this population is
limited by the application of specific diagnostic tests
deemed to be clinically relevant to the patient. Our
goal was not to more precisely define the spectrum of
illness encountered, but to reduce time to diagnosis,
as we assume this leads to better outcomes and to a
more efficient use of hospital resources. In 19 patients,
’non-specific viral illness’ was the final diagnosis, and
in three patients the diagnosis remained unknown,
although symptoms resolved uneventfully and without
specific therapy. Understanding the full spectrum
of aetiological illness in such a population would
require additional sophisticated and investigational
diagnostics. Finally, we did not have a system by
which to capture febrile returned travellers who
may have fulfilled algorithm criteria but not sent to
RAFT. We mitigated the risk of failure to capture all
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febrile returned travellers by frequent in-services and
reminders to ED staff, as well as posted RAFT signage
and binders in the ED. All fellows on-call overnight for
the Infectious Diseases service had RAFT pocket cards
and signage in their reviewing room. Similarly, we do
not have a system that forces a general travel history,
though with triage protocols mandating the collection
of travel history to specific geographic regions such
as the Middle East (due to Middle East Respiratory
syndrome coronavirus) and West Africa (due to Ebola
virus), we believe that travel history is most likely
requested from all febrile patients entering the ED. At
present, nurses are automatically prompted at triage
to document a travel history within 21 days should
a patient present with fever, cough, dyspnoea or
diarrhoea; thus, we feel that the likelihood of missing
travel-acquired illness in our EDs is low.

Conclusions
Through implementation of a RAFT programme,
we have been able to provide more timely care to
ambulatory febrile returned travellers and, in doing
so, fill a gap in care faced by such travellers prior to
implementation of the programme. We have also
reduced ED bed-usage by providing an alternate setting
for follow-up malaria screening. In addition, we have
offloaded the responsibility for treatment of infectious
diseases that can be managed in an outpatient setting,
but require specific therapy, such as acute urinary tract
infections, from the ED. Our programme underscores
the range of febrile illnesses that are imported to
Canada by travellers on a daily basis, and reinforces
the need to combine history, physical examination and
a minimum set of laboratory investigations to exclude
potentially life-threatening imported illnesses such as
malaria and bacteraemia.
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ABSTRACT
Objectives
To estimate the prevalence and determine the
factors associated with the use of antibiotics in the
management of non-bloody diarrhoea in children
under 5 years of age in sub-Saharan Africa (SSA).
Methods
We conducted a meta-analysis of demographic and
health survey data sets from 30 countries in SSA.
Pooled prevalence estimates were calculated using
random effects model. Χ2 tests were employed to
determine the factors associated with the antibiotic
use.
Results
The pooled prevalence of antibiotic use among cases
of non-bloody diarrhoea in children under 5 years
of age was 23.1% (95% CI 19.5 to 26.7). The use of
antibiotics in children with non-bloody diarrhoea in
SSA was associated with (p<0.05) the source of care,
place of residence, wealth index, maternal education
and breastfeeding status.
Conclusion
We found an unacceptably high use of antibiotics to
treat episodes of non-bloody diarrhoea in children
under the age of 5 in SSA.

Introduction
Diarrhoea is one of the leading causes of morbidity and
mortality in children under 5 years of age worldwide
with about 1.7 billion episodes and 578 000 deaths

What is already known on this topic
The appropriate treatment of diarrhoea is simple, yet it remains a problem in
manyv low-income and middle income countries.
Most cases of non-bloody diarrhoea in children are self-limiting and are caused
by microorganisms which are not susceptible to antibiotic therapy.
Use of antibiotics to treat non-bloody diarrhoea in children increases the risk of
adverse effects and the development of resistant bacteria.

Methods

Data source

What this study adds
We utilised nationally representative data to estimate the prevalence of
antibiotic use in episodes of non-bloody diarrhoea in children under the age of 5
in sub-Saharan Africa (SSA).
We found that over one in five cases of non-bloody diarrhoea were treated with
antibiotics in SSA.
We highlight the need to educate prescribers and parents in SSA on appropriate
management of diarrhoea and the consequences of inappropriate use of
antibiotics in children.
26

every year.1 Most of these episodes and deaths occur
among children in Africa with about 440 million cases
and 350 000 deaths annually.2
The appropriate treatment of diarrhoea is simple, yet
it remains a problem in many low-income and middleincome countries (LMICs). Recent reviews of diarrhoea
management in children in LMICs have revealed a high
degree of inappropriate practice including excessive
fluid curtailment and antibiotic prescribing.3–5 The
existing WHO guideline recommends the use of oral
rehydration solution (or an intravenous electrolyte
solution in cases of severe dehydration) as well as
zinc supplementation and continued feeding for the
treatment and management of diarrhoea in children.6
The guideline only recommends the use of antibiotics
in cases of bloody diarrhoea, suspected cholera or
associated sepsis.
The inappropriate use of antibiotics in children with
diarrhoea can result in the development of antibiotic
resistance. In addition, the majority of antibiotics can
increase the risk of diarrhoea because of their effect
on gut microflora.7 Very few studies have focused on
understanding the extent of antibiotic use in episodes
of non-bloody diarrhoea in children in sub-Saharan
Africa (SSA). Rogawski et al8 reported that 48.2% and
21.5% of cases of non-bloody diarrhoea in Haydom in
Tanzania and Venda in South Africa, respectively, were
treated with antibiotics. Also, Opondo et al9 found that
64.5% of cases of non-bloody diarrhoea in children
were treated inappropriately with antibiotics in eight
district hospitals in Kenya. However, these studies
were not nationally representative and did not explore
the factors associated with the use of antibiotics in
children with non-bloody diarrhoea. We conducted
a meta-analysis of demographic and health survey
(DHS) data sets from 30 countries in SSA to determine
the prevalence and factors associated with the use of
antibiotics in children with non-bloody diarrhoea.
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We conducted a meta-analysis of DHS data on the
treatment of non-bloody diarrhoea with antibiotics
in children under the age of 5 in 30 countries in SSA.
DHS are nationally representative household surveys
conducted by ICF Macro/MEASURE DHS on behalf of
national ministries of health with financial support
from many international partners including the United
States Agency for International Development.10 The
standard DHS uses identical methodology including
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Fig 1 | Meta-analysis for the prevalence of antibiotic use among cases of non-bloody diarrhoea

the probability sampling strategy and survey
instrument to collect data that are comparable across
countries.
Our study only included country data sets that
were collected from 2000 to 2016 and contained
disaggregated data on the type of diarrhoea—bloody
and non-bloody diarrhoea in children under the age of
5. The data sets of 38 countries in SSA were available
from DHS programme website. Of these 38 data sets,
30 met the inclusion criteria. Details of the included
countries are contained in figure 1.

Data analysis

All DHS data sets were downloaded with permission
from the DHS programme website and the data were
analysed using Stata V.14 and Microsoft Excel 2016.
The variables from the DHS data sets extracted and
included in our analysis were prevalence of children
with diarrhoea; type of diarrhoea, whether bloody or
non-bloody; proportion of children treated/untreated;
proportion of children who were treated for diarrhoea
and type and sources of treatment. Other variables
included were the sociodemographic characteristics of
children and their households including age and sex
of child, mother’s educational level, wealth index of
BMJ Global Health Initiatives

households, type and geographical location of child’s
residence.
We employed a random effects meta-analysis to
calculate pooled prevalence estimates of the use of
antibiotics in children with diarrhoea. A random
effects meta-analysis was used because it allows for
heterogeneity across studies. Despite the similarity
of the DHS study design across countries, we
expected heterogeneity due to differing population
parameters including geographical distribution and
socioeconomic conditions in different countries and
regions of SSA. A test of heterogeneity of the DHS
data obtained for the different countries showed a
high level of inconsistency (I2 >50%) thereby agreeing
with our decision to use the random effects model in
our analysis. Furthermore, we performed sensitivity
analysis by excluding from our analysis one country
data at a time and the impact of excluding the data
was evaluated on the summary results. This was done
to examine the effect of outliers and test the robustness
of our findings.
Subgroup analyses were performed to determine
whether factors such as sex, age, type of residence,
wealth index, education and sources of care were
associated with the use of antibiotics in children under
27
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Table 1 | Prevalence of antibiotic use in non-bloody diarrhoea by demographic category
Number of c hildren
with non-bloody
Prevalence estimate
diarrhoea
% (95% CI)

Category
Sex of child
 Male
18 268
 Female
16 809
Age of child
 0
9307
 1
11 395
 2
7040
 3
4413
 4
2922
Currently breastfeeding
 No
13 160
 Yes
21 917
Type of residence
 Urban
10 771
 Rural
24 306
Wealth index*
 Poor
16 596
 Middle
6789
 Rich
11 668
Mother’s highest level of education*
 No education
14 740
 Primary
12 360
 Secondary
7352
 Higher
611
Sources of care*
 Government hospitals
3131
 Government health centres 6184
 Government health posts/
2603
dispensaries
 Private hospitals/clinics
1347
 Community pharmacies
1391
 Shops
2321
 Markets
1236
 Traditional practitioners
1011
 Others
1626
 Did not seek treatment from 14 189
any provider

Test for association or trend

23.5 (19.9 to 27.1)
22.9 (16.2 to 39.8)

X2=1.778,
p=0.182

21.1 (17.6 to 24.5)
25.0 (21.2 to 28.8)
22.9 (18.9 to 26.9)
22.1 (18.0 to 26.2)
22.0 (17.8 to 26.2)

X2=0.018,
p=0.893

24.1 (20.0 to 28.2)
22.4 (18.9 to 26.0)

X2=13.485,
p<0.001

26.7 (22.5 to 31.0)
21.6 (18.2 to 25.1)

X2=109.137,
p<0.001

20.7 (16.9 to 24.5)
22.0 (18.6 to 25.5)
27.6 (23.6 to 31.6)

X2=176.047,
p<0.001

20.5 (17.2 to 23.8)
24.0 (20.4 to 27.7)
27.9 (23.3 to 32.4)
33.0 (26.1 to 39.8)

X2=184.584,
p<0.001

38.5 (32.3 to 44.8)
35.2 (29.9 to 40.4)
30.9 (24.4 to 37.5)

X2=3447.205,
p< 0.001

41.1 (34.1 to 47.4)
41.8 (34.8 to 48.9)
33.6 (25.5 to 41.7)
21.6 (6.9 to 36.3)
5.0 (3.6 to 6.5)
16.8 (11.8 to 21.9)
9.3 (7.3 to 11.2)

n=35 077.
*Category with some missing data.

5 years of age in SSA. The Χ2 tests for association or
where appropriate for trend were calculated and results
were considered statistically significant at p<0.05.

Results
The data sets from the 30 countries covered 287 624
children under 5 years of age. Overall, the pooled
prevalence of all types of diarrhoea was 15.7% (95%
CI 14.0% to 17.4%), while the prevalence estimate
for non-bloody diarrhoea was 12.8% (95% CI 11.4%
to 14.2%). The majority of the cases of non-bloody
diarrhoea were attended to in government health
centres (17.6%), government hospitals (8.9%),
government health posts or dispensaries (7.4%), shops
(6.6%), community pharmacies (4.0%) and private
hospitals/clinics (3.8%).
The pooled prevalence of antibiotic use among
cases of non-bloody diarrhoea in children under
5 years of age was 23.1% (95% CI 19.5 to 26.7).
Antibiotics were commonly used among cases of nonbloody diarrhoea in Congo-Brazzaville 58.6% (95%
28
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CI 55.9% to 61.3%) and Sierra Leone 47.1% (95%
CI 43.9% to 50.3%) (figure 1). The regional estimate
was lowest in east Africa, 18.7% (95% CI 13.9% to
23.6%) and highest in central Africa, 27.6% (95% CI
16.9% to 38.3%). The higher estimate in central Africa
was due to the contribution of Congo-Brazzaville. The
sensitivity analysis conducted by excluding the CongoBrazzaville data yielded a pooled estimate of 21.8% in
the central region, which is comparable to southern
African region. The SSA pooled estimate obtained
following the sensitivity analysis (21.9%; 95% CI
18.8% to 24.9%) was comparable to our previous
estimate.
Table 1 summarises the data based on the subgroup
analyses performed. The subgroup analyses suggested
that the use of antibiotics in children with non-bloody
diarrhoea in SSA was significantly associated with
(p<0.05) the source of care, type of residence, wealth
index, maternal education and breastfeeding status.
The results revealed that antibiotics were commonly
used in children who sought advice or treatment from
private hospitals/clinic and community pharmacies
with pooled estimates of 41.1% (95% CI 34.1%
to 47.4%) and 41.8% (95% CI 34.8% to 48.9%),
respectively.

Discussion
The main contributions of our study lie in the use of
nationally representative data, the comprehensiveness
of the factors explored and the application of metaanalysis to provide pooled estimates on the prevalence
of antibiotic use in episodes of non-bloody diarrhoea
in children under the age of 5 in SSA. We found a
high use of antibiotics to treat episodes of non-bloody
diarrhoea in children under the age of 5 in SSA:
over one in five cases of non-bloody diarrhoea were
treated with antibiotics. Most cases of non-bloody
diarrhoea in children are self-limiting and caused
by microorganisms which are not susceptible to
antibiotic therapy such as rotavirus or for which the
efficacy of antibiotic therapy is somewhat uncertain
such as in campylobacter infections.9 11 Up to 13%
of cases of non-bloody diarrhoea are due to Shigella
spp or enteroinvasive Escherichia coli,12 which may
justify antibiotics in children with severe toxicity or
systemic symptoms of sepsis. However, the high rates
of antibiotic prescribing seen in many SSA countries
cannot be justified by the data on the aetiology of
non-bloody diarrhoea and will only lead to antibiotic
resistance and antibiotic-associated diarrhoea.
Therefore, our findings underscore the need to educate
both prescribers and parents in SSA on appropriate
management of diarrhoea and the consequences of
inappropriate use of antibiotics in children.
This study, however, is not without limitations.
Some countries in SSA were not included due to
non-availability of DHS data for the study period
considered. Also, the data used in this study was based
on self-reported data and so liable to recall and social
desirability biases which may result in underestimation
of the prevalence of antibiotics used in non-bloody
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diarrhoea. Despite these limitations, this study
provides additional insight into the management of
diarrhoea in SSA and could prompt appropriate health
system response.
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ABSTRACT
This paper describes an evaluation of how doctors
might use an online clinical decision support tool
to improve the care that they would provide to
patients with infectious disease and what features
they would expect in such a clinical decision support
tool. Semistructured interviews were conducted by
telephone with doctors to evaluate the utility of a
clinical decision support tool in helping them to
improve the care that they would provide to patients
with infectious disease and to assess the features
that they would value in such a tool. The doctors were
primarily interested in how they could use the tool to
improve care. They were short of time and so needed
to be able to access the content that they needed
really quickly. They expected content that was both
evidence based and current, and they used a range of
devices to access the content. They used desktops,
laptops, mobiles and sometimes mobile apps.
Doctors view the utility of clinical decision support
in the management of rare infectious diseases from
a number of perspectives. However, they primarily
see utility in the tools as a result of their capacity to
improve clinical practice in infectious diseases.
Introduction
Infectious diseases are a threat to human health
around the world. In recent years, there have been
a growing number of outbreaks of rare infectious
diseases. These include outbreaks of Ebola, Zika and
influenza.1 2 These infections pose special challenges
to learners and educators alike in medical education.
Under normal conditions they are rare and so it is
difficult to dedicate too much time or resources to
them in undergraduate or postgraduate curricula.
However, the situation can quickly change to that of an
epidemic. In these circumstances, doctors and other
healthcare professionals need instant education and
support. It is in these circumstances that online clinical
decision support could play a major role in controlling
outbreaks of infectious diseases.
Online clinical decision support provided must be
aligned to the needs of the healthcare professional
learners.3 In this regard, it is clear that, under normal
circumstances, healthcare professionals need certain
features in clinical decision support. They need
decision support tools that provide evidence-based
knowledge and that will also work at the point of
care. The clinical decision support also needs to be
continually updated. Clinical decision support must be
intuitive to use and must fit with the clinical workflow
of the healthcare professional. They must also work on
whatever device the healthcare professional is using—
this might be on a desktop, mobile device or an app.
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However, it is not clear how doctors might use
clinical decision support in the context of an epidemic.
They will likely be busy during an epidemic—this
might mean that they will want even faster answers.
Medical advice can change continually throughout
an epidemic—this might mean that they would place
even more value on updated content. In this paper,
we describe an evaluation of how doctors might use a
clinical decision support tool—BMJ Best Practice—to
improve the care that they would provide to patients
with a rare infectious disease and what features they
would expect in this tool.

Methodology
BMJ Best Practice is the online clinical decision support
tool of the BMJ. Doctors who are part of a user group at
BMJ were asked by email to take part in an evaluation
as to the utility of BMJ Best Practice in helping them to
improve the care that they would provide to patients
with a rare infectious disease and as to what features
they would expect in BMJ Best Practice. Those who
responded to the email were asked to use BMJ Best
Practice to help them solve a clinical problem involving
a patient who had been working in Liberia and who had
clinical features and risk factors that were suggestive
of Ebola or its differentials (ie, other serious infectious
diseases). Semistructured interviews were then
conducted by telephone with the doctors according to
a schedule which was founded on existing literature in
this field.3 4 Interviews lasted approximately 20 min.
Detailed field notes were taken during the interviews.
Notes were analysed using thematic analysis.5 This
was used to allow new concepts and themes to
emerge from the data. Interviews were continued
until data saturation was achieved—this was defined
as two successive interviews in which no new themes
emerged.6
Results
Eighteen learners took part in the semistructured
interviews. Four key themes emerged from the
interviews.
Theme one: improving clinical practice as a result of
clinical decision support
The learners were primarily interested in how they
could use the tool to improve care. They felt that the
tool would change their practice or at the very least
confirm that their practice was correct. The learners
were most interested in improving their practice with
regard to diagnosis and differential diagnosis. Some
users felt that it would also help them improve their
clinical management—for example, in isolating the
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Box 1: Themes from the interviews
Theme 1: improving clinical practice as a result of clinical decision support
Learner comments
‘I found it quite directive and it would have helped me in clinical care. I would have
known what to do in management—or at least the first steps. Having the steps laid out
in algorithms is helpful’.
‘It would definitely change my practice—if there was a need to change but often it is
more about confirming that my practice is correct which is reassuring and worthwhile
also’.
‘I found the resource fairly easy to use. I quickly made the diagnosis of Ebola using it’.
‘I put fever headache and the other symptoms into the search box and got sensible
answers—like Ebola and influenza’.
‘I entered the data into the search and came up with Lassa, Ebola and Marburg. The
search box worked’.
Theme 2: Time is of the essence
Learner comments
‘I am always quite short of time so I am not sure that I would have much time to read
the entire content or even a section of it. It needs to be easy to read and search and
find’.
‘Speed of using the resource is vital—seconds do count when you are short of time’.
Theme 3: Content needs to be evidence based and continually updated
Learner comments
‘I would expect the content to be continually updated—especially the treatment
sections as this changes all the time. So, the latest research should be taken into
consideration in the content—that would be highly valued by me’.
‘The evidence base of the resources is very important to me. The content must be
validated. Lots of references add credibility. Some guidelines are too long so it is
great to have short summaries but these summaries must be evidence based’.
Theme 4: content needs to be accessible
Learner comments
‘I used my laptop to look it up in this case—but I usually use my desktop computer. I
didn’t notice that there was an app—but an app is great as I am often offline’.
‘Being able to use the content on a mobile phone is great. A downloadable app is also
valuable as there are lots of environments where you can’t get any type of signal’.

patient. However, there was concern that the advice
from a clinical decision support tool in management
might not be compatible with that of a local hospital
guideline. After using the tool to solve the clinical
scenario, 17 of the 18 learners correctly thought that
Ebola or another viral haemorrhagic fever was the most
likely diagnosis or a priority differential that needed to
be ruled out.
Comments related to this theme are shown in box 1.

Theme 2: time is of the essence
The learners were short of time and so needed to be
able to access the content that they needed really
quickly. They needed content that was concise and
easy to search and navigate. Learners needed to have
answers to their questions ideally within seconds
and at most within minutes. The need for immediate
access to clinical knowledge partly depended on the
exact context that they were acting in. Sometimes this
was when they were with a patient—in which case
they needed an answer very quickly. But sometimes
they were looking things up after they had seen the
patient—in this circumstance they had more time.
Comments related to this theme are shown in box 1.
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Theme 3: content needs to be evidence based and
continually updated
The learners expected content that was both evidence
based and current. This was especially true of the
sections that guide treatment. Learners were concerned
about the currency of the content as they realised that
this can be a rapidly changing field of healthcare—
particularly in the midst of an outbreak. The learners
realised that their patients would be looking things up
and so wanted to be as least as updated as their patients
were. Different learners had different views on exactly
what currency of knowledge meant. Some thought that
it meant updated within the last 2 years; some thought
that it meant the content should be updated more
frequently; and some thought that it depended on
the precise context. Learners realised that sometimes
there was a weak underlying evidence base and that
in these circumstances expert consensus opinion was
the next best alternative. Learners appreciated lots of
references and links to other resources—they felt that
this would add credibility. The learners did not have
time to look at all the evidence themselves and so
needed to be able to trust the provider to do this for
them. Comments related to this theme are shown in
box 1.
Some learners pointed out the fact that there can
be a conflict between the currency and the evidencebased credentials of a resource—in that the most recent
updates to content might not be completely evidence
based.
Theme 4: content needs to be accessible
Learners used a range of devices to access the content.
They used desktops, laptops, mobiles and sometimes
mobile apps. Some of the users did not always have
access to a desktop computer or to a wifi network
and so especially appreciated the mobile app. They
had high expectations of the interfaces and thought
that they should have an equally good experience
regardless of the device that they were using. Some
learners used different devices to access the content—
depending on the context in which they were using
the site. Many users commented that in the future they
expected to use their mobile more frequently and that
younger generations of learners were more likely to
want to use the mobile site. Comments related to this
theme are shown in box 1.
Conclusions
Learners view the utility of BMJ Best Practice in the
management of rare infectious diseases from a number
of perspectives. They see utility in the tool as a result
of their ability to improve clinical practice in infectious
diseases—however, they feel that they will only be
able to exploit clinical decision support if the content
is evidence based and continually updated and
accessible in a timely manner in a range of different
clinical devices.
There are limitations to this evaluation. All the
learners were users of online resources—they may
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not represent users who do not use online resources.
However, the growing ubiquity of online resources
means that the number of learners who do not use
these resources grows smaller year by year. All were
users of a single clinical decision support tool: once
again they may not be representative of users of other
tools. This was a small evaluation—however, it used a
protocol that allowed the operationalisation of data
saturation to achieve an adequate sample size.
In recent years, infectious disease outbreaks
have increased in frequency and severity. In the
future it will be impossible to educate all healthcare
professionals to manage infectious disease outbreaks
using conventional face to face means. New methods
such as clinical decision support tools will be
needed. However, for these tools to be used, they will
need to be current, evidence based and accessible
and will need to be designed to help doctors achieve
their primary outcome—improving the care that
they deliver to patients. They will also need to be
quick to access—time is of the essence when caring
for patients during a serious outbreak of infectious
disease.
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Emerging and re-emerging infectious disease
threats in South Asia: status, vulnerability,
preparedness, and outlook
Without investment in surveillance and early detection the region remains vulnerable to infectious
disease threats, say Buddha Basnyat and colleagues

S

outh Asia, despite decreasing rates of infectious disease,
accounts for a significant proportion of their global burden.
The sub-continent is also in the
midst of rapid economic growth; large
scale changes in land use, access to water
and sanitation, and agricultural production; environmental degradation; and
technological transformation, all against
a background of uneven health system
capacity. South Asia, defined by the World
Bank as Afghanistan, Bangladesh, Bhutan,
India, Maldives, Nepal, Pakistan, and Sri
Lanka, is home to a quarter of the world’s
population. Existing infectious disease
challenges—including tuberculosis, HIV,
and malaria—have been augmented by
emerging and growing threats such as dengue, chikungunya, healthcare associated
infections, and antimicrobial resistance.
These emerging and re-emerging infectious disease challenges threaten to create
economic disruption and potentially large
morbidity and mortality burdens. Here we
review the status, vulnerability, and preparedness for emerging and re-emerging
infectious diseases and describe the state of
preparedness and surveillance for threats
such as Zika, Middle East respiratory syndrome coronavirus (MERS-CoV), and avian
influenza.

Key messages
• South Asia accounts for a significant

proportion of the global burden of
infection diseases, although in recent
history it has not experienced a large
outbreak of an emerging infection.
• The region remains seriously vulnerable to existing and new threats
including Zika, Ebola, MERS-CoV, and
avian influenza.
• Surveillance and preparedness for
early detection of outbreaks is crucial
in this region inhabited by one fourth
of the world’s population.

Although there are frequent reports
of sporadic cases of suspected emerging
infectious disease syndromes and limited
outbreaks of emerging infections such
as Nipah virus, Chandipura virus, and
Crimean-Congo Haemorrhagic Fever
(CCHF), South Asia has not in recent history
experienced a large outbreak of an emerging
infection. However, factors associated with
vulnerability (Table 1) to the emergence of
infectious diseases—such as population
density, national and international travel,
bio-diversity, land use change, zoonotic
reservoirs, weak healthcare and public
health systems, and deficiencies in water
and sanitation—indicate that South Asia is
at high risk. Preparedness and the ability
to detect and respond to a disease outbreak
are critical for national, regional, and global
health security.
Current status of emerging and epidemic
infections
We have focused on the diseases below as
they include the most important emerging
and re-emerging illnesses in South Asia.
Enteric fever is often diagnosed in patients
with fever but is increasingly difficult to
treat with fluoroquinolones.
Vector borne viral infections
The main burden of vector borne viral infections in the region is attributable to dengue
and chikungunya, while Zika virus is also
likely to emerge. Of the 390 million dengue
infections that are estimated to occur annually worldwide, over 70% occur in South
Asia.1
Although sporadic cases of dengue
infection were seen in many South Asian
countries in the 1960s, regular epidemics
only occurred in the early 1990s in India
and Sri Lanka. 2 Dengue emerged in
epidemic proportions in Bangladesh in
2000, 3 in Pakistan in 2006, 4 in Nepal
in 2010,5 and more recently in Bhutan
in 2013. 6 In India and Sri Lanka, by
around 40 years of age 90% to 95% of
adults have been infected with the dengue
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virus, while 41% have been infected with
chikungunya. 2 7 Although the majority
of dengue infections are inapparent, the
majority of chikungunya infections appear
to be symptomatic.7 In many countries,
dengue, which was once a childhood
infection, is increasingly seen in adults.8
The incidence of chikungunya in South
Asian countries is lower than dengue and
since there is only one serotype, people do
not experience repeated infections.7 Almost
all chikungunya infections, however, are
symptomatic and some people develop
disabling polyarthritis which can last for
several months.9 Co-infection with these
two viruses appears to occur often, possibly
as both viruses are transmitted by the same
vector Aedes aegypti.9 It is concerning that
the Zika virus is also transmitted by the
same vector, which is abundant in all South
Asian countries. If Zika is introduced to the
region it is likely to spread quickly, cause
complications in pregnancies, and add
to the burden of neurological infections
caused by other flavi-viruses such as
the West Nile virus and the Japanese
Encephalitis virus.
Zoonotic infections
South Asia has been identified as a hot spot
for the emergence of zoonotic infectious
diseases.10 11 The endemic zoonoses have
re-emerged or emerged in newer areas or
with newer clinico-epidemiological presentations, often with more serious manifestations.
Livestock may act as intermediate
amplifying hosts, facilitating the transfer
of pathogens from their normal ecological
niche into humans. Examples are
Japanese encephalitis (JE), Nipah virus,
and Crimean-Congo haemorrhagic fever
(CCHF). JE has spread to newer areas in
the subcontinent against a backdrop of
a large proportion of undiagnosed cases
of acute encephalitis syndrome.12 JE has
become endemic to the Kathmandu valley
region after its introduction in early 2000.13
Nipah virus emerged in Malaysia in the
33
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Table 1 | Key areas of vulnerability to emerging infectious diseases in South Asia
Factor

Situation in South Asia
South Asia is home to one quarter of world’s population, with
Bangladesh and India being amongst the most densely populated
countries in the world

Population size and
density
Land use

Biodiversity 57
Insect and tick vectors
Livestock density

Poverty and human
development index

Healthcare systems

59

The rate of land use change in most of South Asia is now slow.
Where land can be agriculturalised it has been, and much of the
land is already extensively cropped. The rate of forest growth is
positive in India, there being net reforestation.
South Asia is not especially bio-diverse but India may be a hot
spot of bat to human virus sharing 58
Mosquito and tick vectors are widely present for some serious
infections60-62
Cattle and goats are raised in large numbers across South Asia.
As incomes increase the demand for meat will increase and
livestock farming will intensify

The impact of declining biodiversity is variable, and may act to either
increase or decrease the emergence of infectious diseases57
As Zika virus has shown, the presence of competent vectors can lead to
dramatic introductions and transmission of pathogens
Livestock may act as intermediate hosts for a range of zoonotic infections
including CCHF, fascioliasis, bovine TB, brucellosis, and leptospirosis
from cattle; and fascioliasis, brucellosis, Orf virus, and Q fever from sheep.
Rift Valley fever could be introduced successfully to South Asia63
South Asia has had a period of sustained economic growth,
Poverty is a risk factor for almost every infection, but is a particular
declining poverty rates, and improved human development.
vulnerability for epidemic infections. Poverty is associated with crowding,
Nevertheless the region is home to a very large number of poor
poor sanitation, poor nutrition, and poor access to preventive, diagnostic,
people with poor infrastructure
and therapeutic healthcare. It is no coincidence that Ebola raged out of
control in three of the poorest countries in Africa
The public healthcare systems in South Asia are poor, with patchy Healthcare systems can contribute to the emergence and transmission of
coverage, limited resources, overcrowding, and inadequate
infectious diseases in several ways:
infrastructure
• Resistance to antibacterial, antiviral, and anti-malarial drugs can be
promoted by poor use of these drugs
• Healthcare settings can amplify infections. The introduction and
transmission of MERS-CoV in Korea is a good example

late 1990’s, initially being misdiagnosed
as JE, and there have since been frequent
outbreaks in Bangladesh and, to a lesser
extent, India. CCHF has recently been
recognised in humans in South Asia for the
first time.14 15
The highly pathogenic avian influenza
(HPAI) virus A/H5N1, which was
introduced to the subcontinent in 2005
through wild birds, has since become
endemic across large parts of north east
India and Bangladesh, across porous
international borders. It has resulted in
losses of around US$500 million (£398m;
€460m).16-18 Rates of neuroleptospirosis
and leptospirosis have been rising in
north India and Sri Lanka and have been
associated with disseminated intravascular
coagulation.19 20 The growing proportion
of severe cases of leptospirosis has created
massive pressures on the healthcare
delivery systems in affected countries.21
Scrub typhus, which has been grossly
under reported in South East Asian
countries,22 is now increasingly being seen
in newer ecological niches such as urban
landscapes.23-25 Anthrax is endemic in large
parts of South Asia. In the border areas of
India, Bangladesh, and Myanmar, poor
vaccination and surveillance have been
accompanied by increasing anthrax cases,
which prompted Bangladesh to announce a
“red alert” in 2010.26
Rabies remains endemic in eight
countries in South East Asia, with
1.4 billion people at risk. The region
contributes about 45% of global rabies
34

Association with vulnerability to emerging and epidemic infections
Absolute population size and the intensity of contact between people are
key determinants—along with transmissibility of the infectious agent and
the susceptibility of the population to infection—that determine the scale
of an outbreak of an infection that is transmitted from person to person
Changes in land use may alter ecosystems and the interaction of animal
hosts with humans, giving rise to new opportunities for amplification and /
or spill over to humans56

deaths, while the rhetoric on elimination
continues to grow.27 28 Brucellosis, bovine
tuberculosis, and a range of food borne
diseases contribute to the morbidity and
mortality attributable to zoonotic infections
but are struggling to gain the attention of
policy makers in the subcontinent, 29 30
despite resulting in 150 million illnesses,
175 000 deaths, and 12 million disability
adjusted life years.31
Enteric fever and antimicrobial resistance
Enteric (typhoid) fever is caused by bacteria Salmonella typhi and Salmonella
paratyphi.32S typhi is the most common
bacterial organism grown in blood cultures
in South Asia. These organisms cause indistinguishable clinical features that generally
comprise of high fever for at least 3 days
with no localising signs.33
Typhoid fever is one of the most common
diagnoses in cases of fever in the region.
Blood cultures (the gold standard for the
diagnosis of typhoid fever) are not readily
available in most, especially rural, regions
of South Asia. Instead the widely available
Widal test, a slide agglutination test
developed in 1896, is often used to make
a definitive diagnosis of enteric fever.34
Unfortunately, it is difficult to establish a
“cut off” for this test. The test also cross
reacts with malaria parasites, rickettsial
organisms, and dengue virus, all very
common causes of undifferentiated febrile
illness in South Asia.
The use of the Widal test has sometimes
had dire consequences, such as when
BMJ Global Health Initiatives

outbreaks of scrub typhus in Nepal were
mistakenly diagnosed as enteric fever and
suboptimal treatment with ceftriaxone
administered.35 36 Finally, even where blood
culture facilities are available, because
of the paucity of the typhoid organism in
the blood, blood culture growth is usually
restricted to about 50%. So without proper
diagnostics, it is hard not only to prescribe
appropriate treatment but also to estimate
the true burden of typhoid fever in South
Asia.
In recent years, the appearance in South
Asia of fluoroquinolone resistant H 58
typhoid organisms has made the treatment
of this disease even more challenging.37
Polio
The elimination of polio from many countries in the region, most recently in India,
is a landmark achievement. However, two
out of the three remaining countries in the
world with endemic polio are in South Asia.
There were only 74 wild type polio cases in
Pakistan and Afghanistan in 2015, and 33
in 2016. However, unrest in these countries
threatens progress in eradication and is a
high priority for regional cooperation.
Vulnerabilities of South Asia
South Asia already has some of the most
densely populated areas in the world and
is projected to see rapid shifts in urbanisation, population density, dietary patterns,
and subsequent demand for animal source
foods and agriculture intensification—all
of which are considered important drivers
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of zoonoses.38 While these factors are also
indicators of economic growth, human and
animal healthcare systems have failed to
keep pace with the corresponding need for
sectoral and intersectoral surveillance and
coordination.39
Institutional capacity for
epidemiological and laboratory response,
especially at sub-national levels, remains
limited, more so in veterinary sectors.
Surveillance systems often are incomplete
in their reach, fail to identify early warning
signals, and communicate poorly across
sectors. Despite the visibility following
emergence of HPAI, limited capacity
and infrastructure has kept wildlife
departments in most countries from being
active participants in preparedness and
response efforts.
The outbreak of MERS-CoV in South
Korea in 2015 served as a warning about
the vulnerability to infectious disease
outbreaks of overstretched, crowded,
and unprepared healthcare systems. 40
Healthcare systems are variable, but
in South Asia there are the substantial
challenges of inadequate infrastructure,
poor quality services, fragmented health
information systems, and weak controls
over the private healthcare sector.41 This
poses a risk of the late detection, and
potentially explosive amplification, of
epidemic prone infections within the
healthcare system.
Fundamentally, the current state of
affairs in the subcontinent flows from
severe policy neglect. The One Health
initiative is a worldwide, cross-sector
approach to addressing vector borne and
zoonotic diseases. While the world has
moved towards incorporating One Health
in their policy discourse, South Asia has
been slow to adopt this approach, except
for initial signs in Bangladesh. 42 There
have been limited efforts to build One
Health capacity in the subcontinent,
initiated mostly by external agencies, 43
but policymakers remain disengaged in the
absence of a convincing case made by the
research community.44 45 This disconnect
is further exemplified by the fact that
veterinary research has focused more on
increasing animal productivity, while
neglecting zoonotic potential.46
The trepidations experienced during
the outbreaks of Ebola in West Africa and
subsequently during Zika cases in South
America is justified given the fact that, if
a rapidly spreading infection finds its way
into South Asia, it could wreak havoc before
being brought under control.47

Preparedness
There is limited regional capacity to identify, respond to, and mitigate emerging
infectious disease threats in South Asia.
The main reason seems to be a lack of political will. While mechanisms for regional
collective conversations do exist, they have
not translated into the kind of operational
capabilities that the European Centers
for Disease Prevention and Control or the
European Commission are able to facilitate
within the European Union. Moreover, the
composition of the World Health Organization’s South East Asia Regional Office leaves
out key countries (Afghanistan and Pakistan) in the region, hindering cooperation
at WHO level.
Clearly civil societies and research
communities in the region need to
work together to tackle these risks and
vulnerabilities and to lobby for more political
commitment. Multiple approaches need
to be considered to overcome the limited
preparedness of the region.48
Regional cooperative surveillance
programmes, such as those promoted
by the Connecting Organizations for
Regional Surveillance (CORDS) initiative,
may strengthen regional surveillance and
preparedness. The South Asian Association
for Regional Cooperation (SAARC) should
be activated and work alongside intergovernmental agencies such as WHO, the
Food and Agriculture Organization of the
United Nations, and the World Organization
for Animal Health.
T h e Eu ro p e a n C o m m i s s i o n a n d
the European Developing Countries
Clinical Trials Partnership (EDCTP) have
supported the establishment of regional
clinical research networks for emerging
and epidemic prone infectious diseases
in Europe, Latin America, and Africa.
A major regional funding initiative is
needed to establish a similar, sister
clinical research network in South Asia
that can tackle the combined threats of
antimicrobial resistance and epidemic
prone infections. However, especially in
the context of South Asia, public health
research, including systems and policy
research, should not take a back seat to
clinical research.
The fragmentation of prevention
measures and the need to break the
traditional governance silos of human
and animal health systems is a significant
challenge. Facets of the response may
i n c lu d e e s t ab l i s h i ng h a r m o n i s e d
international commitments to enforce
minimal assurances to confront zoonoses49;
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establishing effective intersectoral
coordination measures without adversely
reducing the core competencies of
participating agencies; devising acceptable,
effective, and sustainable policies,
including trade laws, that tackle risks
without endangering livelihoods; and
investment in human and animal healthcare
capacity at individual (caregivers) and
systems (infrastructure) levels.
At the global scale, South Asia must
become more engaged in the health security
agenda. The government of India is a founder
contributor to the Coalition for Epidemic
Preparedness Innovation (CEPI), an initiative
that aims to accelerate the development of
new vaccines for high threat pathogens.
This leadership is commendable, but such
research and development pipelines needs
to be linked to strengthened surveillance,
response, and research platforms within
South Asia to ensure that it can be evaluated
and implemented locally. Finally, global
science communities can help enhance
regional conversation to encourage local
collaboration.
Tackling these systemic shortcomings
needs a concerted approach that takes a
medium to long term view of outcomes.
Focus should be on building strong,
intersectorally connected systems, with
aligned policies driven by One Health,
as institutions come together to review
programmes and policies.
Outlook
Early detection of outbreaks is crucial for
their early control. Mathematical models
have suggested that it might be possible to contain an emerging pandemic of
avian influenza if detection and reporting
of cases that suggest human to human
transmission happen within around
three weeks of the first case.50 51 A report
in 2010 of 398 WHO notified outbreaks
that happened between 1996 and 2009
found that only 7% occurred in the WHO
South East Asia region and that, over the
period studied, the timeliness of detection had improved, although significant
delays in public notification remained.52
A 2016 update has not changed the overall picture.53 This implies that outbreaks
in South Asia are less common than elsewhere, since the WHO South East Asia
region has around 27% of the world
population yet only 7% of reported outbreaks. This is surprising given that the
characteristics of South Asia show its vulnerability to emerging and epidemic infections. We must not ignore this warning
35
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that outbreaks are less well detected and
reported in this region.
The revised International Health
Regulations (IHR) whose aim is to help
the international community prevent and
respond to acute public health risks that
can cross borders was implemented in
2007. They appear to have had a positive
effect on detection and reporting, and
the latest data on IHR core capacities
(2013) shows good levels in South East
Asia.52 54 This indicated that the region is
well prepared. However the core capacity
indicators have been criticised.55
Clearly, there has been insufficient work
on epidemic preparedness in South Asia.
Unless immediate attention is given to
preparedness and ability to respond, the
region remains vulnerable to existing and
new threats including Zika, Nipah, MERSCoV, and avian influenza.
Contributors and sources: All the authors
contributed to the initial draft. RL put the segments
of the contribution together. PH outlined the table.
All the authors worked on and approved the final
version.
Competing interests: We have read and understood
BMJ’s policy on declaration of interests and declare
no conflict of interest.
Provenance and peer review: Commissioned;
externally peer reviewed
Republished with permission from BMJ
2017;357:j1447
Ramanan Laxminarayan,1,2 Manish Kakkar,3
Peter Horby,4 Gathsaurie Neelika Malavige,4,5
Buddha Basnyat4,6,7

3

4
5

6

7

8

9

10
11
12
13

14

1

Center for Disease Dynamics, Economics, and
Policy, Washington, DC, USA

15

2

Princeton Environmental Institute, Princeton
University, Princeton, New Jersey, USA
3

Public Health Foundation of India, New Delhi,
India

16

4

Centre for Tropical Medicine and Global Health,
Nuffield Department of Clinical Medicine,
University of Oxford, UK

17

5
Faculty of Medical Sciences, University of Sri
Jayawardanapura, Sri Lanka
6
Oxford University Clinical Research Unit, Patan
Academy of Health Sciences, Lalitpur, Nepal
7
Global Antibiotic Resistance Partnership,
Nepal

Correspondence to: buddha.basnyat@ndm.
ox.ac.uk
1

2

36

Bhatt S, Gething PW, Brady OJ, et al.
The global distribution and burden of
dengue. Nature 2013;496:504-7.
doi:10.1038/nature12060.
Jeewandara C, Gomes L, Paranavitane SA, et al.
Change in dengue and Japanese encephalitis
seroprevalence rates in Sri Lanka. PLoS One
2015;10:e0144799. doi:10.1371/journal.
pone.0144799.

18

19

20

21

Sharmin S, Viennet E, Glass K, Harley D.
The emergence of dengue in Bangladesh:
epidemiology, challenges and future disease risk.
Trans R Soc Trop Med Hyg 2015;109:619-27.
doi:10.1093/trstmh/trv067.
Pandey BD, Morita K, Khanal SR, et al. Dengue
virus, Nepal. Emerg Infect Dis 2008;14:514-5.
doi:10.3201/eid1403.070473.
Subedi D, Taylor-Robinson AW. Epidemiology of
dengue in Nepal: History of incidence, current
prevalence and strategies for future control. J Vector
Borne Dis 2016;53:1-7.
Zangmo S, Klungthong C, Chinnawirotpisan P, et al.
Epidemiological and molecular characterization of
dengue virus circulating in Bhutan, 2013-2014. PLoS
Negl Trop Dis 2015;9:e0004010. doi:10.1371/
journal.pntd.0004010.
Rodríguez-Barraquer I, Solomon SS, Kuganantham
P, et al. The hidden burden of dengue and
Chikungunya in Chennai, India. PLoS Negl Trop
Dis 2015;9:e0003906. doi:10.1371/journal.
pntd.0003906.
Pang J, Leo YS, Lye DC. Critical care for dengue in
adult patients: an overview of current knowledge and
future challenges. Curr Opin Crit Care 2016;22:48590. doi:10.1097/MCC.0000000000000339.
Saswat T, Kumar A, Kumar S, et al. High rates of
co-infection of Dengue and Chikungunya virus
in Odisha and Maharashtra, India during 2013.
Infect Genet Evol 2015;35:134-41. doi:10.1016/j.
meegid.2015.08.006.
Jones KE, Patel NG, Levy MA, et al. Global
trends in emerging infectious diseases. Nature
2008;451:990-3. doi:10.1038/nature06536.
Grace DMF, Ochungo P, Kruska R, et al. Mapping of
poverty and likely zoonoses hotspots. 2012. https://
cgspace.cgiar.org/handle/10568/21161.
National Vector Borne Disease Control Program.
Japanese encephalitis. 2015. http://nvbdcp.gov.in/
je-new.html.
Partridge J, Ghimire P, Sedai T, Bista MB,
Banerjee M. Endemic Japanese encephalitis in
the Kathmandu valley, Nepal. Am J Trop Med Hyg
2007;77:1146-9.
Yadav PDRC, Patil DY. D Majumdar T, Mourya DT.
Crimean-Congo hemorrhagic fever: current scenario
in India. Proc Natl Acad Sci, India, Sect B Biol Sci
2014;84:9-18doi:10.1007/s40011-013-0197-3.
Hussain B, Iqbal A, Abudakar M. Crimean-Congo
hemorrhagic fever (CCHF): an emerging disease in
Pakistan. Vetenary Sciences: Research and Reviews
2016;2:11-22.
World Health Organization. H5N1 avian influenza:
timeline of major events. 2014. www.who.int/
influenza/human_animal_interface/avian_influenza/
H5N1_avian_influenza_update.pdf.
Chakrabarti AKPS, Pawar SD, Cherian SS, et al.
Characterization of the influenza A H5N1 viruses
of the 2008-09 outbreaks in India reveals a
third introduction and possible endemicity.
PLoS One 2009;4:e7846. doi:10.1371/journal.
pone.0007846.
Marinova-Petkova A, Feeroz MM, Rabiul Alam SM,
et al. Multiple introductions of highly pathogenic
avian influenza H5N1 viruses into Bangladesh.
Emerg Microbes Infect 2014;3:e11. doi:10.1038/
emi.2014.11.
Sethi S, Sharma N, Kakkar N, et al. Increasing
trends of leptospirosis in northern India: a
clinico-epidemiological study. PLoS Negl Trop Dis
2010;4:e579. doi:10.1371/journal.pntd.0000579.
Bandara M, Ananda M, Wickramage K, Berger E,
Agampodi S. Globalization of leptospirosis through
travel and migration. Global Health 2014;10:61.
doi:10.1186/s12992-014-0061-0.
Schneider MCJM, Jancloes M, Buss DF, et al.
Leptospirosis: a silent epidemic disease. Int J Environ
Res Public Health 2013;10:7229-34. doi:10.3390/
ijerph10127229.

BMJ Global Health Initiatives

22 Aung AKSD, Spelman DW, Murray RJ, Graves S.
Rickettsial infections in Southeast Asia: implications
for local populace and febrile returned travelers. Am
J Trop Med Hyg 2014;91:451-60. doi:10.4269/
ajtmh.14-0191.
23 Park S-WHN-Y, Ha NY, Ryu B, et al. Urbanization of
scrub typhus disease in South Korea. PLoS Negl
Trop Dis 2015;9:e0003814. doi:10.1371/journal.
pntd.0003814.
24 Wei Y, Huang Y, Luo L, Xiao X, Liu L, Yang Z. Rapid
increase of scrub typhus: an epidemiology and
spatial-temporal cluster analysis in Guangzhou
City, Southern China, 2006-2012. PLoS One
2014;9:e101976. doi:10.1371/journal.
pone.0101976.
25 Sethi S, Prasad A, Biswal M, et al. Outbreak
of scrub typhus in North India: a re-emerging
epidemic. Trop Doct 2014;44:156-9.
doi:10.1177/0049475514523761.
26 Mondal SP, Yamage M. A retrospective study on
the epidemiology of anthrax, foot and mouth
disease, haemorrhagic septicaemia, peste des petits
ruminants and rabies in Bangladesh, 2010-2012.
PLoS One 2014;9:e104435. doi:10.1371/journal.
pone.0104435.
27 Gongal G, Wright AE. Human rabies in the
WHO Southeast Asia Region: forward steps for
elimination. Adv Prev Med 2011; 1:383870.
doi:10.4061/2011/383870.
28 Chowdhury F-RBA, Basher A, Amin MR, Hassan
N, Patwary MI. Rabies in South Asia: fighting
for elimination. Recent Pat Antiinfect Drug
Discov 2015;10:30-4. doi:10.2174/157489
1X10666150410130024.
29 Falenski A, Mayer-Scholl A, Filter M, Göllner C,
Appel B, Nöckler K. Survival of Brucella spp.
in mineral water, milk and yogurt. Int J Food
Microbiol 2011;145:326-30. doi:10.1016/j.
ijfoodmicro.2010.11.033.
30 Thakur ASM, Katoch VC, Dhar P, Katoch RC. A study on
the prevalence of bovine tuberculosis in farmed dairy
cattle in Himachal Pradesh.Veterinary World, 2010.
31 Coker RJHB, Hunter BM, Rudge JW, Liverani M,
Hanvoravongchai P. Emerging infectious diseases
in southeast Asia: regional challenges to control.
Lancet 2011;377:599-609. doi:10.1016/S01406736(10)62004-1.
32 Parry C, Basnyat B. Typhoid and paratyphoid
fevers. In: Warrell D, Cox TM, Firth JD, eds.
Oxford Textbook of Medicine.5th ed. Oxford
University Press, 2010doi:10.1093/
med/9780199204854.003.070608_update_002.
33 Maskey AP, Day JN, Phung QT, et al. Salmonella
enterica serovar Paratyphi A and S. enterica serovar
Typhi cause indistinguishable clinical syndromes in
Kathmandu, Nepal. Clin Infect Dis 2006;42:1247-53.
doi:10.1086/503033.
34 Olopoenia LA, King AL. Widal agglutination test - 100
years later: still plagued by controversy. Postgrad
Med J 2000;76:80-4. doi:10.1136/pmj.76.892.80.
35 Basnyat B. Typhoid versus typhus fever in postearthquake Nepal. Lancet Glob Health 2016;4:e5167. doi:10.1016/S2214-109X(16)30094-8.
36 Arjyal A, Basnyat B, Nhan HT, et al. Gatifloxacin
versus ceftriaxone for uncomplicated enteric fever
in Nepal: an open-label, two-centre, randomised
controlled trial. Lancet Infect Dis 2016;16:535-45.
doi:10.1016/S1473-3099(15)00530-7.
37 Ryan ET. Troubling news from Asia about treating
enteric fever: a coming storm. Lancet Infect
Dis 2016;16:508-9. doi:10.1016/S14733099(15)00542-3.
38 Regmi ADJ. Effects of urbanization on global food
demand. 2013. https://naldc.nal.usda.gov/naldc/
download.xhtml?id=34108&content=PDF.
39 Chatterjee P, Kakkar M, Chaturvedi S. Integrating
one health in national health policies of developing
countries: India’s lost opportunities. Infect Dis Poverty
2016;5:87. doi:10.1186/s40249-016-0181-2.

Analysis

40 Cowling BJ, Park M, Fang VJ, Wu P, Leung GM, Wu JT.
Preliminary epidemiological assessment of MERSCoV outbreak in South Korea, May to June 2015. Euro
Surveill 2015;20(25):7-13.
41 Patel V, Parikh R, Nandraj S, et al. Assuring health
coverage for all in India. Lancet 2015;386:2422-35.
doi:10.1016/S0140-6736(15)00955-1.
42 Institute of Epidemiology Disease Control and
Research. Strategic framework for One Health
approach to infectious diseases in Bangladesh.
2012.
43 Nguyen-Viet H, Doria S, Tung DX, Mallee H, Wilcox
BA, Grace D. Ecohealth research in Southeast Asia:
past, present and the way forward. Infect Dis Poverty
2015;4:5. doi:10.1186/2049-9957-4-5.
44 Abbas SSKM, Kakkar M. Rabies control in India:
a need to close the gap between research and
policy. Bull World Health Organ 2015;93:131-2.
doi:10.2471/BLT.14.140723.
45 Kakkar M, Venkataramanan V, Krishnan S, Chauhan
RS, Abbas SS. Roadmap to Combat Zoonoses in
India (RCZI) initiative. Moving from rabies research to
rabies control: lessons from India. PLoS Negl Trop Dis
2012;6:e1748. doi:10.1371/journal.pntd.0001748.
46 Thomas D, Zerbini E, Parthasarathy R, Vaidyanathan
A. Increasing animal productivity on small mixed
farms in South Asia: a systems perspective.
Agric Syst 2002;71:41-57doi:10.1016/S0308521X(01)00035-X.
47 Eisenstein M. Disease: Poverty and pathogens.
Nature 2016;531:S61-3. doi:10.1038/531S61a.
48 Governance challenges for zoonotic disease
surveillance, reporting and response. InKeusch
GTPM, Gonzalez MC, Scott KA, Tsai P, eds. Sustaining

49

50
51

52

53

54

55

56

global surveillance and response to emerging
zoonotic diseases.National Academies Press, 2009:
205-33.
Sekar N, Shah NK, Abbas SS, Kakkar M. Roadmap to
Combat Zoonoses in India Initiative. Research options
for controlling zoonotic disease in India, 2010-2015.
PLoS One 2011;6:e17120. doi:10.1371/journal.
pone.0017120.
Longini IM Jr, , Nizam A, Xu S, et al. Containing
pandemic influenza at the source. Science
2005;309:1083-7. doi:10.1126/science.1115717.
Ferguson NM, Cummings DAT, Cauchemez S, et al.
Strategies for containing an emerging influenza
pandemic in Southeast Asia. Nature 2005;437:20914. doi:10.1038/nature04017.
Chan EH, Brewer TF, Madoff LC, et al. Global capacity
for emerging infectious disease detection. Proc Natl
Acad Sci U S A 2010;107:21701-6. doi:10.1073/
pnas.1006219107.
Kluberg SA, Mekaru SR, McIver DJ, et al. Global
Capacity for Emerging Infectious Disease Detection,
1996-2014. Emerg Infect Dis 2016;22:E1-6.
doi:10.3201/eid2210.151956.
Hardiman M. The revised International Health
Regulations: a framework for global health
security. Int J Antimicrob Agents 2003;21:207-11.
doi:10.1016/S0924-8579(02)00294-7.
Ijaz K, Kasowski E, Arthur RR, Angulo FJ, Dowell
SF. International Health Regulations--what
gets measured gets done. Emerg Infect Dis
2012;18:1054-7. doi:10.3201/eid1807.120487.
McMichael AJ. Environmental and social
influences on emerging infectious diseases:
past, present and future. Philos Trans R Soc Lond

BMJ Global Health Initiatives

57

58

59

60

61

62

63

B Biol Sci 2004;359:1049-58. doi:10.1098/
rstb.2004.1480.
Keesing F, Belden LK, Daszak P, et al. Impacts of
biodiversity on the emergence and transmission
of infectious diseases. Nature 2010;468:647-52.
doi:10.1038/nature09575.
Brierley L, Vonhof MJ, Olival KJ, Daszak P,
Jones KE. Quantifying Global Drivers of Zoonotic
Bat Viruses: A Process-Based Perspective. Am Nat
2016;187:E53-64. doi:10.1086/684391.
Kilpatrick AM, Randolph SE. Drivers, dynamics,
and control of emerging vector-borne zoonotic
diseases. Lancet 2012;380:1946-55.
doi:10.1016/S0140-6736(12)61151-9.
Ghosh S, Nagar G. Problem of ticks and tickborne diseases in India with special emphasis on
progress in tick control research: a review. J Vector
Borne Dis 2014;51:259-70.
Dhiman RC. Emerging vector-borne zoonoses:
eco-epidemiology and public health implications
in India. Front Public Health 2014;2:168.
doi:10.3389/fpubh.2014.00168.
Dash AP, Bhatia R, Sunyoto T, Mourya DT.
Emerging and re-emerging arboviral
diseases in Southeast Asia. J Vector Borne
Dis 2013;50:77-84.
Liverani M, Waage J, Barnett T, et al. Understanding
and managing zoonotic risk in the new
livestock industries. Environ Health Perspect
2013;121:873-7. doi:10.1289/ehp.1206001.

Cite this as: BMJ 2017;357:j1447
http://dx.doi.org/10.1136/bmj.j1447

37

Editorial

Health workers are vital to sustainable development
goals and universal health coverage
Interventions to support a bigger and better trained work force must be prioritised
Lara Fairall, associate professor
Eric Bateman, emeritus professor
Knowledge Translation Unit, University of Cape
Town Lung Institute, Cape Town, South Africa
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On international woman’s day earlier this
month many major news outfits carried
the story of Salome Karwah, who in 2014
featured on the cover of Time magazine for
her work during the Ebola outbreak in west
Africa.1 Karwah has died at the age of 28 from
complications arising during the birth of her
fourth child. Tragic for many reasons, her
death highlights persistently high maternal
mortality rates, especially in Africa, which
contributes 20% of the world’s births but
40% of the world’s maternal deaths.2 It also
highlights that stigma can be lethal; her
husband reported that hospital workers
avoided her because she had worked with
and survived Ebola. And it highlights that
providers can be patients too.
But perhaps most importantly, Karwah’s
premature death is a reminder that the health
system improvements promised during
crises such as the Ebola outbreak are slow to
materialise. Responses such as fast tracking
the development of an Ebola vaccine tend
to eclipse the scaling up of proved, cost
effective interventions to meet the health
related sustainable development goals. These
identify maternal health as a priority, along
with child survival and reductions in malaria,
HIV, tuberculosis, and non-communicable
diseases, under the compelling call to action
that healthcare reform must ensure universal
coverage for all major causes of morbidity,
“leaving no-one behind.” 3
The interagency and expert group on
sustainable development goal indicators
recognised the pivotal role of health workers
in the quest for universal coverage, calling for
their “recruitment, development and training
in developing countries.” 4 In many of these
countries, where doctors are in short supply,
this means depending on non-physicians,
whether nurses, clinical officers, or healthcare
extension workers. We question whether this
vital aspect of healthcare delivery is receiving
the attention it deserves.
Although financing universal health
coverage in a fiscally challenged world
38

generates much debate, the current focus of
research and innovation falls short of what
is needed to support health providers in
their daily struggle to meet patients’ needs.
Proposed innovations tend to be narrow in
scope, appealing in their gadgetry, but myopic
and potentially distracting on the long slow
journey towards cost effective, accessible
health systems for all.
The search for a blockbuster, game
changing drug, while enticing, overlooks
the gains that existing effective, cheap

medications and vaccines could make in
underserved communities.5 Furthermore,
the hope that high tech gadgets and mobile
apps might substitute for scarce health staff in
severely resource constrained settings is not
supported by evidence.6 Few of the roughly
200 000 health apps currently available have
had their long term effectiveness or safety
evaluated in target populations. Technical
solutions often amount to what Nicholas
Muraguri, principal secretary in the Kenyan
Ministry of Health, refers to as a “junkyard

Six of the 394 Nigerian Community Health Extension Workers who received PACK training display the PACK
Nigeria guide outside their Primary Healthcare Centre. After training, 93% of trainees in the Nigeria pilot
states report that they now use the PACK Nigeria guide in the majority of their consultations
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of equipment that is dumped when it goes
wrong.” 7
We must also acknowledge the limitations
of task sharing with non-professional or
community health workers. In many countries
these are relatively untrained, low paid, or
voluntary workers—often women—drawn
from their own communities. Although
community health workers offer an intuitive
and valuable way of augmenting access to
care, they should not divert attention from
the need to attract and empower professional
primary care providers, especially now that
most low and middle income countries face
an increasing burden from multimorbidity and
lifelong disease. Task shifting to community
health workers, without adequate support
from trained professionals, can easily become
task dumping,8 reliant on the goodwill of the
world’s poorest women to fill a gap that health
systems are failing to close.
A final area of concern is data driven quality
improvement of health services. Effective in
settings with good information systems and
internet connectivity, data driven quality
improvement can be burdensome when
applied in poorly resourced countries because
it requires struggling health systems to lay
cables, install devices, and establish complex
high tech systems. The data generated may
serve only to highlight deficiencies in services
and contribute further to the alienation
of providers from managers, and health
planners from ministries and donors.
It is time to refocus attention on the
recruitment, empowerment, and retention of
healthcare providers, who in many countries
are non-physician clinicians like Karwah.
Where are the interventions to recognise and
support these providers who arrive at work
day after day to face growing queues of people

with growing lists of health problems without
the tools, medications, and equipment they
need? PACK, or the Practical Approach to Care
Kit, is an example of one such tool, comprising
simplified algorithms and checklists covering
all of adult primary care with onsite training
to support frontline providers to provide
evidence informed care.9 Tested in a series
of trials,10-13 it is currently in use throughout
South Africa and being piloted in Brazil,
Nigeria, and Ethiopia. It is time to curb our
obsession with quick fixes and get alongside
frontline health providers, working with
them to codesign the interventions they need
to deliver the sustainable development goals
and letting them lead the way so that none of
us is left behind.
We thank Ruth Cornick and Audry Dube for comments on
earlier drafts.
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Implementing One Health as an integrated
approach to health in Rwanda

I

t is increasingly clear that resolution of complex global health problems requires interdisciplinary,
intersectoral expertise and cooperation from governmental, nongovernmental and educational agencies.
‘One Health’ refers to the collaboration of
multiple disciplines and sectors working
locally, nationally and globally to attain
optimal health for people, animals and
the environment. One Health offers the
opportunity to acknowledge shared interests, set common goals, and drive toward
team work to benefit the overall health of a
nation. As in most countries, the health of
Rwanda’s people and economy are highly
dependent on the health of the environment. Recently, Rwanda has developed
a One Health strategic plan to meet its
human, animal and environmental health

Key messages
What is already known about this
topic?
• One Health is the term that refers to
the collaboration of multiple disciplines, sectors and multiple groups
working locally, nationally and globally to attain optimal health for people, animals and the environment.
What are the new findings?
• There is little information on how to
institutionalise and operationalise
One Health. Rwanda has set out to
achieve, in policy and practice, what
has yet to be implemented across any
nation: an evidence-based, interconnected system to address ‘One Health’
problems. In this paper, we present Rwanda’s ‘One Health’-oriented
response to global grand challenges
as a call to action.
Recommendations for policy
• If successful, Rwanda’s One Health
approach will result in speedier
achievement of meaningful health
outcomes with more innovative solutions to pressing health problems,
and will serve as a model for other
countries that may benefit from incorporating One Health principles into
their national strategic environmental, livestock and health plans.
40

challenges. This approach drives innovations that are important to solve both
acute and chronic health problems and
offers synergy across systems, resulting in
improved communication, evidence-based
solutions, development of a new generation of systems-thinkers, improved surveillance, decreased lag time in response,
and improved health and economic savings. Several factors have enabled the One
Health movement in Rwanda including an
elaborate network of community health
workers, existing rapid response teams,
international academic partnerships willing to look more broadly than at a single
disease or population, and relative equity
between female and male health professionals. Barriers to implementing this strategy include competition over budget, poor
communication, and the need for improved
technology. Given the interconnectedness
of our global community, it may be time for
countries and their neighbours to follow
Rwanda’s lead and consider incorporating
One Health principles into their national
strategic health plans.
Why One Health?
One Health refers to the collaboration of
multiple disciplines, sectors and groups
working locally, nationally and globally to
attain optimal health for people, animals
and the environment.1 Recent examples
of new and emerging diseases in animals
and humans (Ebola, Middle East respiratory syndrome, avian flu (H5N1), swine
flu (H1NI), severe acute respiratory syndrome) show how quickly balance changes
and how vulnerable humans, animals and
crops are to disease outbreaks.23 Infectious
diseases are transmitted between humans
and animals by a variety of routes including direct contact (rabies), the environment (anthrax), via food (campylobacter/
salmonella/brucella/bovine tuberculosis), or through bites by arthropod vectors
(malaria/leishmaniasis/Rift Valley fever).
As we have recently seen with the Ebola
and Zika outbreaks, in our interconnected
world, an animal pathogen can catch a ride
on the sole of a shoe, beneath a finger nail,
or in respiratory passages, and travel from
one remote corner of the globe to another
in less than a day. Furthermore, zoonotic illness is not a small or i nsignificant p
 roblem;
BMJ Global Health Initiatives

the majority of human pathogens are
zoonotic (60%) and three-quarters of new
and emerging pathogens are zoonotic from
wildlife species.45 However, One Health,
which is larger than simply zoonosis (other
examples include land use, water toxins,
forest degradation and climate change
(see online supplementary appendix A)),
can have a great impact on people and the
quality of their lives as well as local and
national economies.
Although perhaps the most discussed,
infectious diseases are not the only
relevant One Health concerns affecting
the globe. Waste dumped in or near
water flows through streams, rivers and
lakes, affecting entire communities—
crops, animals and people. Meanwhile,
as the human population on the planet
increases, humans are forced to live in
closer proximity to both wild and domestic
animals, which increases exposure to
new pathogens, and forces the sharing
of limited supplies of water (see online
supplementary appendix B). Add to
this the growing pressures to increase
agricultural production, global warming
with the resultant decrease in water
supplies, changing microbial patterns,
and deforestation, and the result is a
deterioration of natural resources and a
reduction in many of the protections and
checks and balances that have previously
been afforded to human populations.
Despite the complex nature of these
challenges, most governments have offices
or units that focus vertically on specific
diseases, and these offices often compete
with each other for limited resources. Nongovernment organisations (NGOs) that
align themselves with one issue or disease
are often disconnected from interventions
for others. It is this sort of Brownian
approach to improving health that
results in poor communication between
disciplines, duplication of services with
resulting higher costs, ignoring of common
antecedent causes of poor health, and
inefficient utilisation of available resources
such as specialised reference laboratory
facilities. Academic communities, local
and national governments, and scientists
worldwide are now recognising that the
next logical step in problem solving is to
connect interdisciplinary and government
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agency experts so that they can focus on
the root causes of illness and the need
for prevention and detection rather than
responding separately and acutely to each
disease. The activities and conditions of
each individual, each region, and each
country affect others on a variety of levels
including economic, cultural, physical,
social and more. While very few subSaharan African countries are taking steps
to put these ideas into action, Rwanda is
unique in that it is well on its way.
One Health in Rwanda
Known as ’the land of 1000 hills’, Rwanda
has a north–south mountain range, various
water sheds, rain forests and grazing lands.
The nation confronts various challenges:
energy sustainability, natural gas extraction from beneath Lake Kivu, a growing
population, land degradation, crop raiding,
wildlife poaching6; a loss of biodiversity,
conversion of forests to farm land and the
risk of soil overexploitation; and climate
change resulting in an increasingly variable rainfall. In addition, Rwanda is one of
the most densely populated (415 people/
square mile) countries in the world,7 where
One Health disasters can quickly affect
large populations. Further, areas with high
population density are more prone to food
insecurity, soil erosion, decreased grazing lands, and forest degradation, which
in turn leads to increased food insecurity
and other measures of poor health.89 The
eastern part of Rwanda is home to pastoral communities, which move from place
to place in search of water and pastures to
feed their animals. Movement is not limited
to the national borders, thus pastoralists
are at risk of picking up animal pathogens
that can be disastrous to the livestock population in Rwanda such as foot and mouth
disease and contagious bovine pleural
pneumonia, both of which have become
endemic. 1011 These diseases have high
mortality and thus affect food security and
the economic well-being of these nomads.
Contagion between animals (wild and
domestic) and humans does not happen
in only one direction. In 2011, one of the
mountain gorillas, which provide large ecotourism revenue for Rwanda, succumbed to
a human virus (human meta-pneumovirus)
passed on by a tourist.12
Through these experiences, Rwanda
has learned that the eradication of hunger
through initiatives such as Girinka (one
cow per family (see online supplementary
appendix B)), improvements in public

health indicators (eg, improved maternal
health, reduction in HIV, reducing
malaria and other vector borne illnesses),
and environmental sustainability all
depend on interdependent systems,
shared responsibility, involvement of the
community, and collaboration across
government agencies, content specialists
and policies—all ideas embodied by One
Health, a burgeoning global approach
to integrated health. The government of
Rwanda has therefore framed policies and
priorities to drive toward an integrated,
holistic-system approach to promoting
health. Moreover, it has led to the adoption
of the One Health approach by the East
African Community, and Rwanda is
also working with its neighbours to
address regional issues that recognise
the inextricable connection between the
health of the country’s people, animals
and environment and the importance
of this interconnection in development.
The concept and approach of One Health
provides an opportunity for the Rwandan
government to expand its reforms to
address important interdisciplinary,
intersectoral health problems and work to
meet the Sustainable Development Goals.
Rwanda has therefore set out to achieve,
in policy and practice, what has yet to
be implemented across any nation—an
evidence-based, interconnected system to
address One Health problems.13
The Rwanda One Health strategic plan
In 2015, the Government of Rwanda developed and approved a One Health strategic
plan to streamline cross-sectoral and institutional interventions, minimise duplication of efforts, and maximise the use of
public resources. The goals are to:Promote
integrated disease surveillance, prevention
and response (animals, humans and agriculture);

• Improve education and communication
•
•
•
•

among animal, human and environmental professionals;
Expose and integrate students engaged
in professional education at university
level to concepts related to One Health;
Promote interprofessional collaboration around innovation, research and
discovery;
Develop educational tools for pre-university education that introduces concepts
of One Health;
Develop policy focused on upstream
drivers of disease emergence including
land use, water access and deforestation;
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• Address issues that relate to land use

planning, reducing contact between
humans, domestic and wildlife with
minimal changes to critical habitat; and
• Address nutritional access by developing
safer practices related to bush meat and
animal consumption.
This multipronged strategic plan is
problem focused rather than discipline
focused, and seeks to bring together the
newly realigned University of Rwanda,
the Ministries of Health, Agriculture and
Animal Resources and Education, The
Wildlife Unit of the Rwanda Development
Board, and other ministries and civil
society. The strategic plan reflects Rwanda’s
belief that complex health problems can
be addressed through integrated policy
and interventions that simultaneously
and holistically address multiple causes of
poor health (eg, poverty, limited education,
unsafe and scarce water, lack of sanitation,
food insecurity, gender inequality, and
close proximity of humans and animals).14
To further reinforce One Health principles
and uphold accountability to the strategic
plan, Rwanda has set out to meet three
core One Health objectives over the next
few years.
Objective 1: Rwanda’s government response
Rwanda’s One Health response (table 1)
goes beyond the traditional approach of
disease surveillance, outbreak investigations and response. It also includes new
competencies around leadership/governance, efficiencies in resource utilisation,
disaster management, delivery of healthcare, systems-related approaches, and
vigorous attention to training for life-long
learning. In the past, the Ministry of Health,
the Ministry of Agriculture and Animal
Resources, other government organisations, academic institutions and NGOs had
separate roles with little overlap. Despite
limited resources, Rwanda’s One Health
approach is intended to develop collaborative leaders committed to improving health
equity and social justice by addressing
health disparities that impact on efficiency
by promoting shared resources and collaboration among those working at the
animal (wildlife, livestock and companion
animals), ecosystem and human health
interface.
Objective 2: Rwanda’s One Health community
response
Another important goal of Rwanda’s One
Health Strategy is to empower and mobilise various experts and lay workers and
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e stablish a One Health workforce to prepare, coordinate and manage epidemiological outbreaks of infectious, toxic or
environmental health concern or health
events. For example, the Rwandan strategic
plan requires the inclusion of veterinarians,
wildlife experts and environmental experts
who work on emergency management committees. Similarly, disease surveillance of
both zoonotic and potential zoonotic disease is monitored by a multidisciplinary
team. This is a bottom-to-top approach
that involves community health workers
(CHWs), community-based animal health
workers, NGOs, health clinics, hospitals,
park rangers, farmers and domestic animal
owners. These experts are prepared and
trained to act rapidly and collaboratively
given evolving information.
One idea moving forward is to create a
hub-and-spoke network using the nearly
45 000 CHWs (spokes) linked to hubs
(centres of expertise) through mobile
phone technology. Perhaps one day the
CHWs will be rebranded ’One Health
CHWs’ (OHCHWs) given that they are well
situated to quickly identify unusual events
or problems affecting humans, animals or
ecology/agriculture. Hub centres would be
connected via the internet to district centres
and eventually to a central repository and
command centre. OHCHWs would routinely
collect local information on the health of
humans, animals and crops and notify hub
centres when there are sudden changes or
concerns.
Objective 3: Rwanda’s One Health educational
(academic) response
Interprofessional team work and collaboration such as that mentioned above has the
best chance of becoming routine if education and training starts early and focuses
on core competencies that stress problem
solving, team work, leadership, creativity, conflict management, communication, project management, transparency
and outcomes. However, despite extensive
capacity-building efforts in Rwanda, there
remains an undersupply of physicians, veterinarians and environmental scientists.
To combat this problem, several colleges
and universities have recently coalesced
into the University of Rwanda to improve
opportunities for interprofessional training, interdisciplinary scholarship and
research innovation, and work force expansion. Harmonisation of the environmental
health programmes offered by the old veterinary college and the old ’human health
sciences’ college has now provided another
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great opportunity to articulate One Health
as a cross-disciplinary approach.
As a start, Rwanda has created a One
Health curriculum embedded in its Master
of Global Health Delivery programme
which integrates collaborative problemsolving approaches with elements of
infectious disease, epidemiology, ecology,
environment, finances, food safety and
leadership. Plans are also underway to
integrate One Health modules into the
Master of Public Health and Epidemiology
courses, developing a 1-month communityfocused field boot camp in 2017 to further
train animal–human–ecosystem providers
in integrated problem solving, leadership
and communication skills related to One
Health. Finally, a vibrant One Health
students’ club for undergraduates was
established in 2012, the first of its kind in
the region, that links virtually with other
health sciences schools around the world
who share a commitment to learning
related to One Health. It consists of students
from veterinary medicine, environmental
health, nursing, medicine and agriculture.
The goal of the club is to bring One Health
skills, approaches and attitudes to a new
generation of scientists and problem
solvers who will embrace the importance
of working together to serve the community
rather than working in silos.
Enablers of and barriers to implementing One
Health in Rwanda
While Rwanda has been forward thinking in developing a One Health-focused
national strategic plan, several important factors have enabled this innovative
change. Following the 1994 genocide,
Rwanda has benefited greatly from two decades of social and political stability from
transparent governance with local, regional
and national representation. The elaborate
network of CHWs has been a key element
in primary healthcare delivery. Rwanda’s
rapid response teams previously developed
in response to outbreaks of Ebola and yellow fever in neighbouring Uganda and the
Democratic Republic of Congo are now
being used to address other One Health
problems by coordinating surveillance,
information sharing, and planning of risk
reduction and communication.
The country also benefits from many
international academic partnerships
involving medicine, public health,
veterinary medicine, agriculture and the
environment. However, until recently,
most of these partnerships were solitary
and often focused on one disease or a
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narrow sub-population. In the new model,
driven by the One Health strategic plan,
interventions are highly coordinated.
Finally, within Rwanda there is relative
equity between female and male health
professionals, making it easier to address
important gender and cultural issues
relevant to improving One Health.
Resolution of One Health problems
often pits one discipline or sector against
another with resultant perceptions of
’winners’ and ’losers’, at least in terms of
resources. Other barriers that need to be
overcome include a lack of experts trained
in a One Health approach, competition
for government resources, battles over
curricular time in training programmes,
issues related to licensing and certification,
and interdisciplinary turf wars. There has
long been a need to develop infrastructure
such interdisciplinary laboratories and
structures that promote interdisciplinary,
interministerial collaboration focused on
problem solving (eg, childhood diarrhoea
linked to bovine mastitis). In Rwanda, the
key ministries related to One Health have
already coalesced to form a ministerial
’Social Cluster’ which meets monthly,
with the goal of ensuring that there is
little competition for resources between
ministries and that shared issues are
addressed collectively. However, additional
efforts to create a robust infrastructure
that would support collaboration and
interdisciplinary training would further
enable Rwanda’s One Health response.
The One Health approach is in evolution
and will still require a cultural shift in
Rwanda as power and organisational
structures become realigned to provide
new reporting structures, new offices, new
education and new lines of communication.
Moving forward, Rwanda’s government
needs to fund the implementation and
embrace the concept of ’oneness’ such
that the separate ministries can develop
common policies, approaches and
evaluations that can feed into action plans
and improved health infrastructure such
as providing better equipped laboratories
and data tracking. Academics need to think
beyond the traditional silos (medicine,
public health, veterinary medicine,
engineering, etc) in ways that will stimulate
innovation and encourage problem solving.
Conclusion
As in most countries, the health of Rwanda’s people and its economy are highly
dependent on the health of the environment. One Health offers the opportunity
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Table 1 | One Health strategic objectives
Objective

Strategies

1 (government level): promote and strengthen interdisciplinary collaboration to
promote a One Health approach

Improve communication and interactions between ministries responsible for animal,
human and environmental issues and regional agencies
Engage in One Health strategic planning focused on systems-thinking that considers
the diverse range of complex and inter-related One Health issues impacting on
animals, human health and the environment at the local, national and international
level
Collaborate with the East African Community to expand the One Health concept
across the region, given that toxins, infections and environmental degradation do
not respect political borders
Provide financial incentive and support for One Health initiatives to incentivise collaborative problem solving

2 (community/NGO level): strengthen surveillance, prevention, early detection, rapid Improve the capacity within Rwanda to conduct community surveillance, treatment
response, and control of zoonosis in both animals and humans
and monitoring of outcomes of One Health problems including emerging and reemerging zoonotic diseases, neglected diseases, and other public health events of
international concern that pose a threat to human health
Introduce technologies including computers, mobile phone data collection applications, and tele-conferencing to improve detection, monitoring and intervention
related to One Health problems at the community level
Promote timely and goal-directed communication between local communities, ministries, NGOs and neighbouring nations
3 (academic level): build capacity and promote applied research at the human,
animal and ecosystem interface

to recognise shared interests, set common
goals and drive toward team work to benefit
the health of a nation. Rwanda’s One Health
approach provides innovations that are
important to both acute (disaster or emerging zoonotic disease) and chronic (animal,
human and ecosystem) health problems
and offers synergy across systems, resulting
in improved communication, development
of a new generation of systems-thinkers,
improved surveillance, decreased lag time
of response, and improved health and economic savings. Given the interconnectedness of our global community in which
humans, animals and the environment
impact on each other and do not respect
geopolitical boundaries, it may be time for
all countries and their neighbours to follow
Rwanda’s lead and consider incorporating
One Health principles into their national
strategic health plans.
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Building resilient health systems: a proposal for a
resilience index
Health system resilience begins with measurement of critical capacities ahead of crisis say
Margaret E Kruk and colleagues

T

he 2014 west African Ebola epidemic shone a harsh light on
the health systems of Guinea,
Liberia, and Sierra Leone. While
decades of domestic and international investment had contributed to
substantial progress on the Millennium
Development Goals, 1 2 national health
systems remained weak and were unable
to cope with the epidemic. Routine care of
the population also deteriorated during
the outbreak.1-4 Surveillance systems did
not function effectively, allowing Ebola to
spread within and between the countries.
Global institutions were slow to respond to
the crisis, squandering an opportunity to
stem its course.5-7
Since then, diverse panels of experts
have pointed to political and technical
deficiencies in multilateral organisations
in tackling health crises.8-11 These reports
have noted that the first line of defence
against future pandemics is an effective
national health system. They have also
called for better measurement of public
health capacity, and investment to build

Key messages
• National health systems are the first

line of defence against health crises
• Health systems today are rigid and
slow to adapt; they must become
more resilient to effectively respond
to crises and maintain core services
• Resilience requires planning and
investment in slow variables (for
instance, health workers, managers,
information systems) and fast variables (such as isolation wards, protective equipment, surveillance). It
requires methodical building of collaboration and trust with communities ahead of crisis.
• The resilience index proposed here
is designed to help countries assess
whether their health systems can
withstand future shocks; it should
be tested in countries at high risk of
health shocks.

resilient health systems—systems that can
withstand health shocks while maintaining
routine functions. 10 The issue of how
global bodies can support countries in
withstanding future health shocks is
playing out now in the election of the new
director general of WHO, with several
candidates making health system resilience
part of their election planks.
Based on recent literature, this paper
defines health system resilience as “the
capacity of health actors, institutions,
and populations to prepare for and
effectively respond to crises; maintain
core functions when a crisis hits; and,
informed by lessons learnt during the
crisis, reorganise if conditions require
it.”12 Health system resilience is relevant
in all countries facing health shocks—
whether sudden (Ebola, earthquakes,
terror attacks, refugees), slower moving
(new pathogens such as Zika becoming
endemic or epidemiologic transition), or
the more chronic stresses that characterise
even times that seem calm (drug shortages,
loss of key health personnel, smaller
outbreaks of endemic diseases). Yet, while
health system resilience has been defined
and widely discussed, there is debate about
whether the concept has anything new
to add to discussions on health system
strengthening, and how resilience can best
be built and measured.
As shown in figure 1, resilient health
systems are aware, integrated, diverse,
self regulating, and adaptive. These
features do not arise in a vacuum: they
require a foundation of strong local and
national leadership, a committed health
workforce, sufficient infrastructure,
and global support. The last point is
especially worth emphasising: resilience
is not self sufficiency. Crises do not respect
geopolitical boundaries and so resilience
requires thoughtful interconnectedness or
“smart dependency.”
In this paper, we argue that the concept
of resilience adds substantial value to
the health systems discourse, and we
propose measures of health system
resilience.
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Exploring the concept of resilient health
systems
While the construct of resilience has been
widely used in diverse fields, including
ecology, engineering, and psychology, it is
relatively new to health.13-17 With a plethora
of frameworks and catchphrases crowding
the global health lexicon, there are legitimate questions about the value added by
the concept. We identify three contributions of the concept of resilience to the
health systems field.
First, resilience emphasises the functions
health systems need (figure 1) to respond
and adapt to health shocks, introducing a
dynamic dimension into more static health
system models which can help the system
cope with surges in demand and adapt to
changing epidemiology and population
expectations of care.18 A rigidity of mission
characterises the operations of many
countries’ health systems, whose ethos and
organisation is better suited to yesterday’s
disease burden than tomorrow’s, focusing
mostly on basic, episodic care, unequipped
to provide advanced care for infections,
longitudinal care for a broad spectrum of
chronic diseases, or emergency care needed
to respond to the rising tide of injuries.
Second, the concept contributes useful
new ideas to health systems from other
sectors. Solutions for supply chains and
logistics to respond to surges in demand
from other fields may be relevant. 19 20
Building trust and promoting meaningful
community engagement have been studied
in other fields, such as environmental
sustainability and political science, but
have not been well operationalised in
health systems science. 21-23 Resilience
draws on complex systems notions
identified as important in health systems
but rarely acted upon, such as the
interconnectedness of health and nonhealth actors and the importance of
feedback loops.24
Finally, the concept of resilience helps
bridge disparate health and development
agendas—such as universal health
coverage, the Global Health Security
Agenda, and the Sustainable Development
45
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engagement is needed to ensure responsive
health services that people trust and want
to use.12 Imposed technocratic solutions
will not bring about needed change, and
the particular arrangements needed to
promote resilience have to emerge from
the country’s context. Value judgments
about what constitutes resilience for whom
should be made explicit. Ordinary people
may lack the power to shape the health
system response or hold it to account;
the process of building resilience should
foster that power. Building resilience
should be integrated with existing efforts to
strengthen health systems and its success
should be judged on equitable health gains
rather than the security of wealthy nations.
Fig 1 | Resilient health system framework12

Goals—lending fresh impetus to the need
to invest in health systems.25-28 It identifies
the immediate and longer term payoffs
of well functioning, responsive, and
adaptable health systems and highlights
the unacceptable costs of inaction.
By containing outbreaks, returning to
baseline function faster, and mitigating
other shocks, resilient health systems
can contribute to economic stability.29
The recognition that health systems are
the front line for dealing with the next big
threat to global health security amplifies
the urgency of strengthening them and
draws in new actors and ideas.10
The increasing attention to resilience
in global health has, however, prompted
criticisms of the concept. One is that it is
an imposed, technocratic solution that
obscures the socioeconomic and political
factors that lead to inadequate responses

to shocks. These factors may include
unfavourable trade terms, weak citizen
engagement, and chronic health system
deficiencies.30-33
There are also worries about short term
timeframes for action when problems are
multifactorial, and a paradoxical push for
national self reliance when threats readily
cross borders.31
While these concerns highlight the
potential for resilience to be used as
shorthand for a narrow preparedness
agenda, they do not accurately represent
the meaning of health system resilience
as intended here. Building resilience is
much more than preparedness; it involves
investment in institutions, preconditions
(like an effective health workforce) and
other “slow variables.” Communities
should not have to shoulder crises
alone; instead meaningful government

Resilience in action
We present three case studies, in which several of the authors were involved, where a
range of large health shocks contributed
to improved health system resilience:
chronic system dysfunction aggravated by
a population influx in Lebanon; sudden
and severe infectious disease outbreak in
Liberia; and repeated, anticipated disaster
shocks in Indonesia.
Awareness is the capacity to detect and
interpret local warning signs and quickly
call for support. Liberia’s initial paralysis
during the Ebola epidemic was partly
caused by poor understanding, at all levels,
of the disease severity. Self regulation is
the ability to isolate threats and maintain
core functions under stress. While Ebola
treatment units are a classic example of self
regulation (in Liberia’s case, these came
too late to mitigate spread), Lebanon’s
emergency vaccination and surveillance
efforts, and Indonesia’s regional crisis
mitigation centres can also be seen as

Box 1: Integrated approaches to care for diverse needs: working with non-state actors during the Syrian refugee influx in Lebanon

Since the beginning of the Syrian civil war in 2011, Lebanon has had an unprecedented influx of refugees, increasing its population by 1.5 million,
or 30%.34 The Syrian crisis persists today, placing continuing strain on Lebanon’s health system. Lebanon’s health system has demonstrated
resilience by rapidly mobilising and expanding its diverse primary care capacity in the public and private sectors.
Initial refugee health relief focused on short term assistance delivered by multiple organisations.37 38 The fragmentation of early relief
efforts motivated the ministry of public health to establish a steering committee to streamline relief funding and encourage transparency and
accountability across international and national health actors.39
Primary healthcare grew to be the central platform for the response. In 2015, the government and its multi-sectoral partners (including UNHCR,
UNDP, World Bank, and NGOs) established 20 new public health centres and directly supported 100 private health centres, increasing primary
care capacity by 40%.40 Covered services include non-communicable disease screening, nutrition services, and mental health support.40 41
Additions to the epidemiological surveillance system improved the ability to detect emerging diseases, contributing to the country’s quick
response to polio threats.42
Despite early successes in primary care, access to Lebanon’s secondary and tertiary healthcare systems continues to be a challenge for
refugees.40 41 Recent estimates suggest that approximately 26% of the refugee population needs secondary healthcare, however 23% of those are
unable to access it, primarily because of high fees (71%).43 Financial assistance is limited to specific conditions and requires co-payment, which
contributes to substantial financial burdens for refugees.40-44
46
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Box 2: Learning from failure: communicating with communities during Liberia’s Ebola crisis

At the peak of the 2014 Ebola epidemic, Liberia reported 300 to 400 new cases each week and had the highest incidence of Ebola deaths of the
affected west African nations.45 Meanwhile, non-Ebola patients were neglected—health facilities lacked testing and isolation capacity and thus
turned down patients who appeared sick.46 Some facilities simply stopped providing services altogether. Some urban and rural communities
resisted surveillance and disease control efforts, believing Ebola was purposely introduced by the government and foreign institutions to gain
profits from emergency response activities.46-48 Trust was further eroded by inadequate response from Ebola task forces and help hotlines when
neighbours fell ill.47
Gradually, Ebola treatment units opened and health facilities resumed services. At the same time, the ministry of health and partner NGOs
launched a series of public health messages beginning with “Ebola kills,” intended to emphasise the gravity of the epidemic.49
This approach backfired. Communities reasoned that if Ebola was fatal then affected people should avoid treatment units and instead wait to die
at home, supported by family.49 Public messages gradually evolved to “the earlier you report Ebola, the more likely you are to survive.” Traditional
leaders were enlisted to support community training in all 88 counties and spread messages in local dialects.50
To improve the effectiveness of the epidemic response, communities were directly engaged in surveillance. In West Point, Monrovia’s largest
slum, community and traditional leaders were assembled to discuss concerns and propose a locally driven solution for Ebola surveillance in
the densely populated area.50 51 A system for active case finding developed. Leaders recruited community volunteers to complete ministry led
surveillance training, which eventually led to the deployment of 152 active case finders and 15 psychosocial support workers.51 Active case
finders and psychosocial support workers helped identify potential Ebola cases, reduce caregiver transmission, and promote burials by trained
“safe and dignified” burial teams.

homoeostatic innovations for containing
health threats.
Indonesia’s case also shows the value of
learning and adaptation: in anticipation of
future catastrophic weather events crisis
mitigation centres were instituted after the
country experienced poor coordination
after tsunamis. In each of these case
studies, most elements of resilience
emerged after a crisis rather than ahead of
it. As we note below, future research should
consider how the elements of resilience
perform when adopted before the event.
The value of having diverse healthcare
providers that can coordinate with each
other is seen in the case of Lebanon, which
is now hosting 1.8 million refugees from
Syria, increasing its population by over
30%. 34 To meet the challenge of much
larger numbers of people seeking care, the

ministry of health has expanded primary
care to tackle the multiple health needs of
both refugees and citizens. This has been
done in part through consultation and
contracting with private sector providers,
including faith based providers; an
example of integration among diverse
health actors who in the past may not have
worked together.
Integration also draws attention to the
key mediating role that broader statesociety relations play during crises,
including the recognition of people as
producers of their health and thus as
co-architects of an effective crisis response.
Involving people and communities in
crafting a response depends on—and
is a potential means of—strengthening
government accountability to its citizens.
Stronger mechanisms for state-society

partnerships allow government officials
to weave the experience, expectations and
capabilities of affected people into the
containment strategy for a more powerful
and empathetic response. Identifying ways
to work effectively with local leaders was
a critical lesson from Liberia during the
recent Ebola epidemic. Community leaders
were critical in case finding, community
mobilisation, and other epidemic control
measures.
Measuring resilience capacity: the resilience index
Recent international panels reviewing the
Ebola response have called for measurement of health system resilience capacity
ahead of crises.10 35 36 Building on the conceptual framework described in figure 1,
we have outlined a set of preliminary
measures of national health system resil-

Box 3: Improving self regulation: coordinating multiple actors during natural disasters in Indonesia

Spread across three major geologic fault lines, Indonesia experiences periodic earthquakes and tsunamis. Each recent disaster has tested the
country’s health system and led to progressive adaptation.
The 2004 Indian Ocean tsunami devastated the province of Aceh.52 Overnight, 106 health facilities in Aceh were damaged or destroyed,
and more than half of the health workforce was displaced or killed.53 54 The government struggled to organise a response and assistance
was further delayed by security concerns: Aceh had been the site of recent battles between the government and the Free Aceh Movement, a
guerrilla separatist group.55 56
When aid arrived, provision was chaotic with duplication of efforts in some areas and gaps in services in others. It took two weeks to establish a
disaster coordination centre, and nearly a month for the Aceh health system to resume function.
Two years later during the 2006 Yogyakarta earthquake, the national response was remarkably different. Hours after the earthquake the
president of Indonesia temporarily relocated his office to Yogyakarta to support the National Disaster Management Agency emergency efforts.57
While 67 of 115 health centres in Yogyakarta were damaged or severely destroyed, domestic health teams were quickly mobilised to provide
emergency relief.58 59 The response to this earthquake—both more efficient and more locally driven—was informed by lessons learnt from Aceh
and the absence of conflict in the area.
Learning from these experiences, Indonesia established nine regional crisis mitigation centres in 2009.60 Strategically located in disaster prone
areas, these centres are proactively equipped with staff, vehicles, and emergency supplies, and perform community outreach with local health
facilities in between natural disasters, teaching basic first aid and natural disaster response.61 62
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Table 1 | Resilience index
Characteristics*

Aware

Diverse

Self regulating

Integrated

Adaptive

Aims

Measures

Rationale
1 Distribution of health system assets Real time geo-registry of HWs, supplies, and facilities (including NGOs and private operations)
and weaknessesa
can realistically gauge available national capacities
2 Health service utilisation trends
Routine health monitoring helps system detect service fluctuations and accurate assessments
of crisis impact, and rate of return to baseline after a shock
Know risks and population
3 Presence of active epidemiologic
Routine surveillance is necessary to detect disease threats and trigger mitigation mechanisms
surveillance systema,b
4 Functioning civil registration and
Basic knowledge of population demographics is important for estimating health threats and
vital statistics system
trends, and understand crisis impact
Communicate
5 List of decision makers in key
Point persons across sectors must be immediately accessible for communication, decision
sectorsa
making, and sounding alarms
6 Breadth of functioning
Communities must be able to notify and sound alarms—this requires an environment of free
communication channelsa
speech and freedom of press, and functioning, open platforms for timely communication
(hotlines, community committees, social media)
Effectively respond to range of
7 Scope of health services available Including services that respond to population health needs and expectations in basic primary
health needs
in primary carec
care package will promote routine health system utilisation and confidence in the health
system
8 Quality of care for sentinel
Health outcomes, healthcare utilisation during crisis, and trust in health authorities require
conditions in basic packagec
competent and respectful care
Adequately finance health
9 Financing of healthcare: adequacy Total health system funding must be sufficient to support functioning services; financing
systems; prevent financial harm
of government health expenditure
systems should aim to reduce catastrophic and impoverishing health spending63-66
and financial protectionc
Isolate threat and maintain core
10 Memorandums of understanding Establishing agreement about roles for private providers—not for profit and for profit—in crisis
function
with non-state providers
expands service provision in emergencies and may promote collaboration in times of calm
11 Database of service delivery
A routinely updated global, open access library of service delivery models tested and deemed
alternatives for affected and
effective in past crises promotes inter-country learning and lowers redundant reinvention and
unaffected populationsa
perpetuation of failed ideas
Leverage outside capacity
12 Collaboration agreements with
Agreements on nature of collaboration (timing, type of support, roles or responsibilities)
regional and global actors
during emergencies is a form of smart dependency and contributes to a faster, more effective
response29
Coordinate with non-health actors 13 Existence of a national emergency Ready coordination systems encourages fast decision making and implementation, curbing
coordination system and leadersa
potential effects of emergencies
(education, transport, police,
media, private enterprise)
14 Frequency of joint planning
Rehearsal of preparedness plans and regular collaboration establishes norms of intersectoral
sessions and drillsa
teamwork
15 Process for development of a One Acknowledging human ties to the environment and other species encourages an inclusive
Health strategyb
understanding of public health vulnerabilities
Quick action in responding to community needs can foster trust and promote containment of
Engage citizens and communities 16 Index of Ministry of Health and
health shock
to build trust
government responsiveness to
community need
17 Population trust in health system Trust in government and the health system is essential to effective service delivery and for
acceptance of government messages in crises—this is true in government run and mixed
provider health systems6768
18 Platforms for dialogue with
Regular input about health system functioning from citizens will improve emergency planning
community leaders
and establish communication channels for routine and emergency needs
Tapping experts in sociology, anthropology, and related disciplines strengthens
19 In-country social scientists with
understanding of key social structures in crisis response, local health determinants and the
experience working with health
local appropriateness and acceptability of interventions
departments
Link healthcare provision to
20 Availability of district health staff Public health staff serve to promote public health practices and act as sentinels for potential
public health
with public health trainingb
outbreaks connecting local clinics to surveillance and monitoring system
Coordinate primary and referral
21 Agreement on roles and referral
Defined agreements on the role of primary and referral facilities reduces confusion and service
care
protocols for facilities
delay, and streamlines service delivery for patients
Shift resources to meet need
22 Formal provisions to reallocate
Flexible spending of funds—national and international—speeds up and better targets
funds in emergency
emergency response in fast changing situations
Promote rapid local decision
23 Management capacity of district
For decentralised responses, local health teams must be able to interpret local data and local
making
or local health teamsc
leaders must be able to make quick and sound operational decisions
24 Agreements on delegation of
Pre-crisis agreements permitting local decision making in crisis with sufficient support hasten
authority and funding in crises
response time to evolving challenges
Evaluate to improve
25 Mechanisms for, and capacity to, Rigorous monitoring during crisis and independent evaluation post-crisis permits course
track progress and evaluate health
correction and points to needed reforms. National capacity for data use and, more broadly,
system performance in crisis and in
a culture of open inquiry and evaluation needs to be built in times of calm to deliver during a
times of calmb
crisis.

Know health system capacity

*Characteristics are interrelated and interdependent. Decision making and coordination should occur across these characteristics.
a, b, cindicate concepts similar to proposed International Health Regulation, Global Health Security Agenda, and sustainable development goals, respectively.

ience (table 1). They include existing health
system and preparedness metrics (from
the International Health Regulations, the
Global Health Security Agenda, and the
Sustainable Development Goals), relevant
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measures from non-health fields, and new
proposed measures that need further development and testing. This proposed resilience index balances slow (availability of
district health staff with public health trainBMJ Global Health Initiatives

ing, for example) and fast (such as provisions to reallocate money in emergencies)
drivers of resilience. In contrast to traditional health security frameworks, many
of our indicators reflect characteristics
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of “everyday” resilience; they not only
encourage daily function but also proactively reduce the likelihood of rising system
threats. The index can thus inform development of national health plans. It can also
expose gaps in function and measurement
capacity where regional and global cooperation can contribute.
The index does not prescribe national
benchmarks. Given the heterogeneity of
health systems and national contexts,
benchmarks for resilience indicators should
be set within countries to accommodate
the local context. The next step would be to
review and extend this list as needed, and
to develop indicators for the new measure
constructs, with input from community
leaders and non-health sector actors. While
the index is meant to be prospective (used
in advance of a crisis), some proposed
measures include routinely collected service
delivery and quality indicators that over
time can indicate the “slope” of resilience
(the extent and speed with which a system
returns to baseline or better after a shock).
The validity of the resilience index should
be tested against actual performance during
recent health shocks in several settings.
Conclusion
Before the failure of health systems during
the Ebola outbreak is forgotten, we need to
consider how to make them more resistant
to crises and more flexible in their response.
The concept of resilience adds dynamism
and urgency to the longstanding work of
health system strengthening and gives an
opportunity to learn from other sectors.
Country experiences as varied as Lebanon,
Liberia, and Indonesia demonstrate how
resilience can be built after health crises.
Proposed measures of health system resilience can improve our assessment of countries’ progress in building resilience and
indicate areas for action. We hope implementation of these ideas can energise policymakers and ultimately benefit families and
communities in times of crisis and beyond.
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COMMENTARY

Productive disruption: opportunities and
challenges for innovation in infectious
disease surveillance
Background
Infectious diseases place an unacceptable
and disproportionate social and economic
burden on low-income countries. National
disease control programmes have the difficult task of allocating limited budgets for
interventions across regions of their countries, based on often disparate datasets of
varying quality from a range of sources
including clinics, hospitals, village health
workers, the private sector and non-governmental organisations (NGOs). Every stage
of the data collection and analysis pipeline
for surveillance systems may be affected by
a lack of capacity as well as by biases and
misaligned incentives for reporting and
managing data. Addressing these issues
will be essential for effective reduction in
the burden of endemic infectious diseases
globally as well as to preparing for emerging epidemic threats.
Meanwhile, academic researchers—often
in high-income settings—are developing
increasingly sophisticated methods

Summary box
• New innovations that could trans-

form infectious disease surveillance
and control, including the use of Big
Data, mobile health approaches and
cutting edge quantitative methods,
offer hope for disrupting traditional
health systems and improving health
worldwide.
• Much has been made of their potential, but very few have been translated successfully into policy or scaled
up to a population level.
• We argue that there is currently a
lack of integration of new approaches,
making them unsustainable or unrealistic for most national control programmes and that the gulf between
academia and policy makers remains a
major barrier to their implementation.
• We propose that these innovations
must be designed with direct input
from national control programmes
and embedded within already existing health systems.

to collect and analyse data to improve
spatial estimates of disease burden using
new Big Data sources, mobile-Health or
m-Health approaches or mechanistic and
statistical modelling techniques. While
these advances leap ahead, however,
many remain most useful for estimating
global disease distribution,1 rather than for
national control programme prioritisation.
Translating these new techniques to
inform policy in endemic settings remains
challenging. The pronounced disconnect
between health systems and academia
may limit the utility of new approaches. The
high burden of work placed on healthcare
workers in low-income settings further
limits their scope and time available
for engagement with methodological
developments.
D e s p i t e o n go i n g c h a l l e n ge s t o
implementation, however, there are
promising analytical approaches that can
leverage even patchy and low-quality data
and diverse new data streams that can
be productively harnessed to strengthen
strategies for resource allocation when
integrated with existing surveillance
systems. We detail the data and analysis
challenges faced by national disease
control programmes, outline possible
solutions offered by analytical approaches
and new data-streams and conclude by
outlining barriers to implementation.
Challenges associated with infectious disease
surveillance systems
Generally, epidemiological data about
patients are reported by healthcare practitioners via passive surveillance systems to
a central database, which is used to determine trends over time in and map the geographic distribution of burden of disease
in different regions as well as the extent
and efficacy of interventions (active surveillance via sentinel sites may also inform
these efforts). These regional data in turn
serve as an important basis for resource
BMJ Global Health Initiatives

allocation decisions. Figure 1 illustrates the
flow of data and potential hurdles faced by
national control programmes and the ways
in which new approaches may be used in
parallel to traditional systems.
Data quality is often perceived as a major
barrier to using passive surveillance data
to guide resource prioritisation. Data may
be delayed or simply missing from core
settings and, even where available, is
frequently under-reported, potentially in
spatially and temporally variable ways.2 For
example, a problematic reporting pattern
that emerges repeatedly is an apparent
increase in disease incidence that is
actually caused by increased surveillance
efforts and/or diagnostic capacity. Overreporting is also a potential hazard when
local regions are financially incentivised
to exaggerate their needs. Further, since
many local health centres lack diagnostic
capabilities, much of the large-scale data
rely on syndromic surveillance (influenzalike-illness, diarrhoea, fever) with low
specificity. Additionally, estimates of the
catchment population of health facility
or district may be flawed, since data may
be based on a single census from up to a
decade ago, thus potentially both out of
date3 and a poor reflection of seasonal
fluctuations in population numbers. 2
Collection of more detailed, highly curated
data at sentinel sites seems promising, but
may add little to national decision-making
because such high-quality sites are likely
to be limited in their spatial scale. All these
issues mean that where case numbers exist,
policy makers may have little confidence in
them.
Leveraging fragile data using statistical and
mathematical principles
The first question is what can be done with
existing infrastructure and data. With the
right statistical or theoretical tools, even
low-quality data can potentially be leveraged to help inform strategic deployment
of control efforts. Thoughtful deployment
of interpolation or geostatistical tools can
be used to create smooth maps of burden
or intervention efforts across space, also
allowing extrapolation to unmeasured
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contexts.1 4 5 Autocorrelation models are
also powerful tools, building on surveillance data to guide predictions about outbreaks of dengue, for example.6 Moving
from statistical to mechanistic approaches,
even if incidence reporting is erratic,
dynamical signatures of the infectious process might still be detectable if additional
data on features of cases are available, such
as age, geographic location and gender.
Age is a powerful covariate for infectious
disease dynamics, as age of infection is
linked to the magnitude of transmission.
High-transmission pathogens often have a
low average age of infection, as they move
quickly through immunologically naïve
populations.7 Conversely, implementation
of control efforts is likely to increase the
average age of infection,8 so intervention
efficacy may be measured using shifting
age structure of cases.
Where data are consistent through
time, but not space, basic principles from
infectious disease dynamics open the way
to estimating characteristics of pathogens.
For example, the growth rate of an epidemic
can be extracted from incidence, allowing
estimates of the net reproduction number,

or R0, which captures the degree to which
an outbreak is expected to grow (R0 >1)
or shrink (R0 <1) (eg, deployed during the
recent Ebola outbreak despite variation in
reporting rates).9 Allocation of resources
towards ‘source’ populations, where
R 0>1 then becomes possible—although
maps of the locations and densities of rural
populations (ie, denominator challenges)
are also necessary. Infectious disease
models can allow characteristics of the
surveillance system, such as the magnitude
of under-reporting, to be estimated where
the susceptible population can be inferred
(eg, via susceptible reconstruction).10
Where only syndromic surveillance is
available, it may be possible to correct
for background rates of focal syndromes
to pull out the dynamics associated with
a particular infection. This strategy has
been used for influenza 11 (influenzalike-illness data are frequently available
but data on influenza are rare), enabling
investigation of signatures of climate effects
on the burden of infection,12 for example,
which has potential to contribute to
planning efforts. Alternatively, simulation
tools based on known epidemiological

parameters of particular pathogens can
establish the degree to which the data
are reliable and forecast outbreaks and
emergence events and/or the impact of
interventions like vaccination (eg, rollout of cholera vaccination to contain an
epidemic).13
Complementing existing epidemiological
information with new data sources
While these analytical strategies can compensate for the limitations of different data
quality issues, a range of promising new
data streams are also available. Rapid technological advances make these increasingly
affordable, offering additional or new data
layers to include in epidemiological analyses.1 14 15 We focus on three new data types
that are tractable in the context of control
programme capacity: geospatial data, passively collected mobile phone records and
pathogen genomic data. Note that we do
not discuss the many mHealth approaches
to actively engaging with populations
directly, for surveillance or for interventions like health education,16 but these also
provide data that do not rely on traditional
surveillance systems. In general, different

Fig 1 | Data flows through health systems (blue) and major challenges faced by control programmes (red). A subset of clinical cases, which
often represent only a subset of total infections both asymptomatic and clinical, are first detected by local health workers, most typically in
health facilities and hospitals. Local health workers are also responsible for following up individuals with chronic infections requiring multiple
treatments over months or years. Some fraction of clinical cases are lab confirmed, depending on capacity, and reported to regional or district
centres, which in turn report to national control programmes. Data are often aggregated before being reported centrally. NGOs and the private
sector may also produce a significant amount of epidemiological data. National control programmes aggregate and analyse data to map the
distribution of disease burden, intervention efficacy and so on. New direct mHealth approaches (eg, participatory surveillance) and passively
collected data (eg, from mobile phones via Call Data Records (CDRs); and satellites) may be used directly by control programmes to map
underlying risks and population distributions. At every level, capacity remains an enormous issue for routine surveillance, and training for new
approaches will be challenging for most control programmes. At different levels of the health system, incentives for reporting accurately may be
misaligned, and timeliness of reporting may be particularly problematic for emerging threats. NGOs, non-governmental organisations
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needs dominate at different phases across
an epidemiological spectrum from emergence to elimination (figure 2), which will
determine which data are useful and how
they should be analysed.
Geospatial data are increasingly of high
resolution and encompasses settlements
and transport networks, indices of
vegetation coverage, land use, land surface
temperature and wind speed. These data
can be combined with other geospatially
referenced data such as meteorological
data from weather stations, population
densities or road networks to generate
comprehensive estimates of environmental
variables or indicators like remoteness
or urbanicity relevant to communicable
disease transmission. This can then be
combined with point pattern data on vector
presence via machine learning algorithms
to determine features such as the likely
range and local transmission intensity of
vector borne infections like Zika virus.17
Mobile phone data—routinely collected
by operators and providing information
about the location and movements of
subscribers in real time—offer tremendous
promise for control programmes to
measure disease spread, if appropriately
anonymised and aggregated to protect

s u b s c r i b e r p r iva cy. 1 8 I n d e e d , t h e
development of appropriate anonymisation
and aggregation protocols remains an
important priority for academics and
public health practitioners and will require
carefully balancing the ethical risks of
reidentifying individuals with the benefits
of predicting disease spread and identifying
targets for intervention. Integration of this
information into risk mapping by control
programmes offers particular promise
where disease incidence is heterogeneous
in time and space and mobility drives both
changing burden of infection and the
type of intervention needed. For example,
during an emerging epidemic (eg, Ebola),
spatial containment of the disease and
proactive surveillance (in the correct
locations) are essential, requiring specific
spatial targets and estimates of how people
will move the infection to new regions.19
At the other end of the spectrum, control
programmes aiming for elimination (eg,
malaria, measles) require accurate maps
of remaining foci of transmission and an
understanding of the relative importance
of local versus imported cases of disease.18
These data can also be leveraged to address
issues in estimation of the denominator or
population at risk.3

Genome sequencing costs have declined
strikingly in the last decades, making
it increasingly feasible for control
programmes to integrate pathogen
sequencing and molecular epidemiology
into their data collection and analysis
strategies. Unlike mobile phone data,
which offers an external view of mobility
that can be used to model disease spread,
analysis of pathogen genetic data provides
complementary insights into transmission
chains and pathogen gene flow between
locations. During outbreaks, sequencing
can provide insights into the place and
time of the outbreak’s origin and the pace
of its spatial spread. 20 For elimination
planning, pathogen sequencing can
identify the regional or national origin of
a particular isolate and estimate the rate
of migration between populations where
this information is difficult to measure by
other means. For endemic pathogens like
TB, where low incidence and relatively
stable prevalence in many places makes
analytical inferences and spatial data from
mobile phones or satellites less tractable,
genomics can provide key insights into
the spread of drug resistance and the
connectivity between different populations.

Fig 2 | Optimal use of new approaches depends on epidemiological context. Different phases of epidemiological containment and control lend
themselves to different analytical approaches and data sources. Here, we have highlighted the spatial dimensions of this issue, with emergence
and elimination phases exhibiting high spatial heterogeneity. In these cases, pronounced heterogeneity produces signals in data that can be
leveraged to model the spread of infection between populations. For endemic infections where prevalence is distributed throughout the country
and controlling disease burden is the primary purpose of interventions, the use of age profiles of exposure and other analytical approaches may
be used to enhance or make use of patchy or poor quality data
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Engaging community health workers and
researchers who collect and analyse data
is key
While our focus is on the potential of
existing data despite perceived inadequacies and in use of novel data streams, it is
important to note that country experience
points to many low-cost adjustments to
practice that could improve data availability. In multiple settings, there are important
opportunities to share data across diseases,
breaking down silos between disease surveillance and/or control programmes. This
effort would be enhanced by electronic
rather than paper-based reporting systems,
allowing standardised data collection,
aggregation and sharing. Perhaps most
importantly, however, effectively engaging
community health workers and others who
collect and report patient data will be key
to strengthening surveillance. For example,
in Cambodia, malaria case reporting was
improved when healthcare workers received
feedback about the incidence of malaria in
their area using colour-coded stickers; the
effective use of mobile phones and tablets
for reporting cases improved when health
workers could use them for personal use
and where internet coverage was restricted,
the flexible reporting using mobile phones
via SMS and later smartphones greatly
improved timeliness of data collection.
It will be essential to sustain resources
for engaging with health workers involved
in generating and reporting surveillance
data and not to impose technological
advances at the expense of motivating
and retaining qualified, reliable workers
who form the foundation of an effective
health system. Barriers to implementing
approaches that use novel types of data
or new analytical tools are rooted in
human capacity (figure 1) at every level
within control programmes, from local
healthcare centres up to the ministry of
health. While a considerable strength of
novel data-streams such as satellite or
mobile phone data are that they bypass
many of the levels of reporting where data
may be lost and incentives are misaligned,
the insights they provide will be limited for
setting public health agendas if they are
not integrated with traditional reporting
systems. For academics, one of the most
important contributions in this regard
will be providing training, so that public
health officers have the technical capacity
to understand the benefits of, and oversee
the implementation of, new methods.
Sustainable integrating of these approaches
will require sustained commitment from
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Ministries of Health, donor agencies and
academics.
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