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Abstract

Background Ongoing conflict between multiple armed groups, including pastoralist herders in the Central African
Republic (CAR) causes frequent population displacements, food insecurity and scarcity of healthcare services. The inacces-
sibility and insecurity of many areas of CAR limit data collection and assessments from national nutritional surveys. Com-
munity health workers (CHWs) trained by an international non-governmental organisation, The MENTOR Initiative, deliver
basic healthcare to children under 5 years old living in hard-to-reach and conflict-affected areas in eight subprefectures

of north-west CAR. Their nutritional status and its associations with geography, malaria, season and conflict are unknown.

Methods CHW monthly records (October 2015-August 2021), Armed Conflict Location and Event Data project
conflict data and The World Bank Group meteorological data for eight subprefectures of north-west CAR were ana-
lysed. Associations between counts of global acute malnutrition (GAM) assessed by mid-upper arm circumference
and malaria, season and conflict were investigated using negative binomial regression.

Results Of the 457,325 consultations with children aged 6-59 months, 6.2% and 0.4% were classified as moderately
or severely malnourished, respectively. The negative binomial model demonstrated differences in counts of GAM

by subprefecture. Counts of GAM were positively associated with the case rate of severe malaria (/RR=1.045; 95%

Cl: 1.04-1.06) and the rainy season (July-September) (IRR=1.10; 95% Cl: 1.03-1.17). Conflict events coded as Battles
in ACLED were associated with lower counts of GAM (IRR=0.78; 95% Cl: 0.62-0.97).

Conclusions This analysis shows geographical differences in levels of malnutrition in north-west CAR and demon-
strates clear associations between malnutrition, season and malaria. It provides evidence that levels of GAM may be
underestimated in north-west CAR in areas experiencing conflict. These findings highlight the need for targeted nutri-
tional support to reach children most at risk of malnutrition. CHWs are a proven effective means of delivering essential
primary healthcare services in hard-to-reach, conflict-affected areas.
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Background

The Central African Republic (CAR), land locked in the
heart of Africa, gained independence from France in
1960 [1]. Subsequent political instability, civil unrest, and
conflict between a growing number of armed groups and
pastoralist communities using transhumance corridors
across CAR have created a complex and turbulent past
and present security situation for the entire population
[1]. In 2024, CAR entered its third decade of armed con-
flict. Battles between multiple rebel groups for control of
the country and its resources began soon after Francois
Bozizé seized power in 2003 [2]. Conflict escalated into
full-scale civil war in 2013 when Seleka, a Muslim rebel
coalition, backed by Chadian and Sudanese mercenaries,
attacked and took control of the capital city, Bangui, and
overthrew the government [3]. Almost continuous armed
conflict to date has shattered the country’s essential infra-
structure and its population [4]. By 2021, CAR was one
of the poorest countries in the world, ranking 188 out of
191 on the Human Development Index [5]. An estimated
71% of its population was living under the international
poverty line and it had some of the lowest levels of edu-
cation indicators [6].

Over 1.3 million (one in every five) people have been
forced to flee their homes, of which over 725,000 have
sought safety as refugees in neighbouring countries,
most others becoming internally displaced people (IDP)
seeking refuge in other parts of the country [7]. More
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than 200,000 people were displaced in a 2-month period
alone following violence and insecurity generated by the
December 2020 presidential elections [8, 9]. In April
2021, children accounted for around half of the IDP in
CAR; recent estimates (December 2023) put the number
of IDP at 511,800 [10, 11] (Fig. 1). Access to healthcare
services has also been severely affected and where ser-
vices do exist, they are often in a poor state, with under
half estimated to be fully functional [12]. Almost half (2.8
million) of the population (6.1 million) are currently in
need of humanitarian assistance, yet despite having one
of the highest humanitarian caseloads per capita, this
‘silent crisis’ remains one of the world’s most unreported
and underfunded, currently at its lowest level in 6 years
[13, 14].

Conflict, food insecurity and malnutrition

There is a growing body of evidence for a significant,
negative association between conflict and child health
[15]. During conflict-affected crises, many factors can
increase food insecurity. Civilians’ access to agricultural
fields and market places can be severely impeded as they
are often targeted and forced to flee their homes, pre-
venting timely planting or harvesting of crops; in the
2020-2021 farming season, for example, an estimated
30% or more of farmers in the Ouham and Ouham Pendé
prefectures were unable to farm [16, 17]. Throughout the
period of data collection for this analysis, there have been
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Fig. 1 Estimated number of Internally Displaced People in the Central African Republic between December 2008 and September 2023."
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repeated reports of market closure, disrupted trade cor-
ridors and consequently increased prices of staple foods
[18]. Furthermore, armed groups routinely loot homes,
food stocks, livestock, local shops and warehouses; access
to immediately needed food supplies is consequently
severely depleted, leading to a complete loss of food secu-
rity and thus poor nutrition or malnutrition amongst
affected communities [19]. Both these aspects of such
crises increase the dependency of displaced communities
on foraging or food aid supply lines.

Limitations of nutritional surveys in conflict settings

Good nutrition is essential for the healthy development
of children, yet the 2021 Global Nutrition report high-
lights that child malnutrition levels remain unaccept-
ably high globally and few countries will meet the 2025
maternal, infant and young children nutrition targets
[20]. Over a quarter of children worldwide are estimated
to be suffering from undernutrition: around 22% of chil-
dren worldwide are stunted (149.2 million) and 6.7%
wasted (45.4 million) [21]. The report notes that ‘data for
194 countries shows substantial variation in terms of data
availability, quality’ [21]. For CAR, nutritional data are
taken from inter-agency Standardized Monitoring and
Assessment of Relief and Transition (SMART) surveys
and UNICEF Multiple Indicator Cluster Surveys (MICS),
the most recent conducted in September—December
2019 and 2018-2019, respectively [22-24]. These are
important and useful at a global level, but do not take
into account populations living in hard-to-reach areas,
enclaves, or having to hide in the bush due to chronic
periodic conflict [25]. The 2018 MICS survey protocol
for CAR clearly states that inaccessible areas would be
excluded [26]. Indeed, the MICS 2018-2019 final report
specified that 18% (99/550) of enumeration areas were
not assessed due to inaccessibility or insecurity [24]. The
unassessed sites included important rural and urban
areas, 19% and 17% respectively, in Ouham and Ouham
Pendé prefectures [24].

A survey conducted in Ouaka prefecture in 2020
found higher mortality rates (under-five mortality rate
1.87 [95% CI: 1.37-2.54] deaths/10,000 persons/day)
than those previously estimated, raising concern that
CAR may potentially have one of the highest mortality
rates in the world [27]. Between 2015 and 2020, malaria
prevalence in CAR increased from 68.9% to 74.71% and
was reported to be the most common cause of death, fol-
lowed by violence in 2020 [28]. A survey in Ouham pre-
fecture reported a much higher birth rate than previously
estimated [29]. These two surveys further highlight the
need for good health indicator data in conflict-affected
settings in order to improve United Nations’ modelling
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validity upon which policy and spending is based and pri-
oritise funding to people most in need of assistance.

The MENTOR initiative and community health worker
network

In 2008, The MENTOR Initiative, an international non-
governmental organisation, established the country’s first
network of community health workers (CHWs) in north-
west CAR to reach isolated and conflict displaced com-
munities [30, 31]. This network was initially based in the
subprefecture of Paoua in Ouham Pendé prefecture and
from 2011, also in Markounda in Ouham prefecture [31].
It was expanded in 2015 to cover six more subprefectures
in north-west CAR: Bocaranga, Koui and Ngaoundaye
(Ouham Pendé prefecture) and Batangafo, Nana-Bakassa
and Nangha Boguila (Ouham prefecture) (Fig. 2). Popula-
tion density is higher than average in these two prefec-
tures (14.7 vs 8.8 people /km? on average for CAR), with
a high proportion of IDP, but few functioning healthcare
facilities [12, 32]. Households surveyed in March—April
2020 in the Ouaka prefecture, where conditions are likely
to be similar to those in Ouham and Ouham Pendé,
reported facing many problems including, difficulties in
accessing healthcare and fields due to insecurity and con-
flict, roadblocks, thefts and lootings, houses burnt down,
food insecurity [27].

The CHWs trained and supervised by The MENTOR
Initiative deliver basic healthcare, including malaria
diagnosis and treatment of children under 5 years old,
and nutritional status assessment of children aged
6-59 months [31]. The CHWs are recruited from
amongst the communities they will serve. Equipped
with a bicycle and a kit consisting of essential diagnos-
tic and case management materials, a MUAC tape and a
patient record book, they hold clinics under trees or in
community structures, giving populations in remote and
insecure areas better access to malaria diagnosis and
treatment (Fig. 3). All CHW services are provided free of
charge, to ensure that cost is not a barrier to access.

This also enables access to healthcare to continue if a
community is displaced, as the CHW remains with them
and is reequipped by the MENTOR Initiative in the
location they are displaced to [31]. Nutritional status is
assessed using mid-upper arm circumference (MUAC)
measurement which identifies children with moderate
acute malnutrition (MAM) and severe acute malnutri-
tion (SAM) [31]. Scales and height measuring boards,
whilst used standardly in the few functioning health
facilities in the area, are too large for CHWs to carry
from village to village. The MUAC tape is a simple, port-
able tool, ideal for use in settings in which CHWs work,
with evidence suggesting MUAC is better at identifying
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Fig. 3 MENTOR Community Health Workers in N.W. Central African Republic, 2012

children at risk of dying from malnutrition than the
weight-for-height Z-score [33-35]. CHWSs routinely
collect data for each patient seen, including malaria
test results and nutritional status; this has resulted in a
unique dataset consisting of medical data for 478,276
consultations of children under 5 years old between
October 2015 and August 2021, during which period
this region of CAR experienced varying levels of conflict

in different locations. Young children are usually the
first to suffer when food is scarce and the most severely
affected if they are undernourished, leading to both
short-term and long-term consequences (e.g. lasting
cognitive impairment) and increased risk of mortality
[36, 37]. Lack of good nutrition compromises the devel-
opment and function of the immune system in children;
gut barrier function is impaired, increasing susceptibility
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to infection and affecting its absorptive capacity [38,
39]. Children living in rural settings are at higher risk of
infection from multiple communicable diseases, though
malaria is the overwhelming cause of most health treat-
ment seeking in this highly endemic area. Patients are
normally treated by relatively unskilled primary health
care workers, licensed only to provide orally adminis-
tered drug therapy [40, 41]. Consequently, children who
are malnourished and infected with a communicable dis-
ease such as malaria may deteriorate very quickly unless
they can reach effective health care services which are
able to administer more effective rectal or intravenous/
intramuscular therapies [42, 43]. Travelling to health
facilities in insecure areas, such as north-west CAR, can
be dangerous or very challenging, potentially leading to
higher death rates amongst malnourished children [44].

The c.

ontinuing conflict in CAR since 2008 is sporadic
in time and location. It results in changes in levels of
population isolation and their access to fields and other
food supplies. Levels of nutritional vulnerability are
consequently likely to increase and negatively impact
nutritional status. We hypothesised that an increased
incidence of global acute malnutrition will be associ-
ated with periods of increased conflict. In addition,
there are likely to be associations amongst nutritional
status, geographical location, seasonality and malaria
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incidence. The aims of this analysis are to assess the
nutritional status of children aged 6-59 months who
were seen by CHWs across eight subprefectures of CAR
between October 2015 and August 2021 and to explore
associations between nutritional status and malaria,
seasonality and conflict.

The period analysed extended into the global COVID-
19 pandemic. Whilst this caused logistical challenges
for international supply chains and potentially reduced
access to some static health facilities, CHW services to
communities were sustained and enhanced (Fig. 4) as
part of the overall pandemic response in CAR, and lev-
els of access and consultation did not suffer negatively
(Fig. 5).

The results provide a unique insight into the associa-
tions that could help identify communities most at risk
of malnutrition and inform response planning. Limited
resources are available to governments and humanitar-
ian organisations seeking to assist communities affected
by long-term chronic emergency settings, such as CAR,
making allocation and planning decisions difficult. Given
that humanitarian crises around the world are facing
similar settings, this analysis contributes to an evidence
base from which people responding to such crises can
draw to help inform operational planning and resource
allocation decisions that will directly affect the lives of
people in humanitarian crises.
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Fig.4 Number of CHW consultations with children under 5 years old between October 2015 and August 2021 across the eight subprefectures
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Fig. 5 Number of CHWs delivering services per month against the number of CHW consultations with children under 5 years old per month

across the eight subprefecture pre-COVID-19 (October 2015-December 2019) and during COVID-19

across the eight subprefectures

Methods
Data collection
The MENTOR Initiative trained CHWSs to deliver basic
health care across the eight subprefectures in north-west
CAR. The CHWs routinely recorded each patient visit
that took place between October 2015 and August 2021.
Data collected included an assessment of the nutritional
status of children aged 6-59 months using the MUAC
measurement which classified them into three catego-
ries: well-nourished—green MUAC; moderate acute
malnutrition (MAM)—vyellow MUAC; severe acute mal-
nutrition (SAM)—red MUAC. The results of malaria
rapid diagnostic tests (RDT, First Response® Malaria
Antigen P falciparum (HRP2) Card Test) undertaken
on children presenting to CHWSs with clinical symptoms
and test results were collected [45]; positive cases were
recorded as severe or uncomplicated malaria depending
on symptoms. Uncomplicated malaria symptoms include
fever, sweats, chills, headaches, nausea and vomiting
whereas severe malaria symptoms can include uncon-
sciousness/coma, inability to walk/sit up unaided, con-
vulsions, and failure to feed [46]. CHWSs" monthly records
were collected during monthly supervisions and entered
into an Excel database (one entry per village per month)
for analysis and reporting.

Data used in this analysis were collected for chil-
dren seeking treatment from CHWs. Data containing

(January 2020-August 2021). August 2021

the records for all children under 5 years old seen by a
CHW during the entire study period were cleaned and
checked for data entry errors. Data consisted of 290
monthly reporting records from 97 villages across Batan-
gafo, Markounda and Paoua between October 2015 and
December 2015 and 13,139 monthly reporting records
from 348 villages across the eight subprefectures between
January 2016 and August 2021 of which 13,012 con-
tained data for children aged 6-59 months. Data was
anonymised for security reasons and as count data rep-
resenting individual consultations, it is likely that some
children may have presented for CHW consultations
more than once within each year. The following were
computed for each recorded entry: counts of global acute
malnutrition (GAM—sum of counts of yellow and red
MUAC); malaria test positivity rate (number of children
under 5 years old with a positive RDT as a percentage of
the total number of children under 5 years old); case rate
of uncomplicated and severe malaria (number of uncom-
plicated or severe malaria cases as a percentage of the
total number of children under 5 years old). The subpre-
fectures were coded one to eight according to alphabeti-
cal order, starting with Batangafo, which thus became the
reference subprefecture for the analysis.

Monthly rainfall data (2015-2020) for Ouham and
Ouham Pendé prefectures were obtained from The
World Bank Group [47]. Data collection methods were
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dependent upon the geographic siting of permanent
weather recording stations in CAR. Access to those sta-
tions sited in NW CAR was not possible during the most
insecure periods. Rainfall data for 2021 were therefore
unavailable; data for 2020 were substituted for this time
period. Months with rainfall over 200 mm (July to Sep-
tember) were coded 1 for the rainy season, the remaining
months were coded 0.

Conflict data were obtained from the Armed Conflict
Location & Event Data Project (ACLED) [48]. ACLED
collects real-time data in more than 240 countries where
political violence and protest events are recorded, includ-
ing data on time, locations, actors and type of event.
ACLED’s database was searched for all events involv-
ing all actors in CAR between October 2015 and August
2021. ACLED records conflict events according to six
different types: violence against civilians, strategic devel-
opment, battles, explosions/remote violence, riots and
protests. Events were entered into the database according
to event type, location and date [49].

Data analysis

Descriptive statistics were determined for all variables
by indicator and subprefecture. The outcome variable,
counts of GAM, was not normally distributed; non-par-
ametric tests were therefore performed.

Manual backward stepwise negative binomial regres-
sion was performed for GAM for all entries between
October 2015 and August 2021 to investigate asso-
ciations between GAM and rainfall, geography, time,
malaria and conflict. Initially, a full model was run with
all potential covariates. New models were run, remov-
ing variables one by one, if they were not statistically
significant (p >0.05), until only variables that were statis-
tically significant remained in the reduced model or the
model with the lowest fit statistics was obtained. An off-
set variable (the natural log of the total number of chil-
dren under 5 year olds) was included in the model to take
into account children who were seen more than once
by a CHW during the collection period. A total of 3.1%
of entries had no data as a result of minor variations in
CHW numbers during the period. These were excluded
from the analysis. All data were entered and analysed
using SPSS 29.01.0 [50].

Results

Study population

Trained CHWSs conducted a total of 478,276 consulta-
tions across the eight subprefectures for children under
5 years old (of whom 48.5% were female) between Octo-
ber 2015 and August 2021 (Table 1).
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Table 1 Summary of the number of consultations for
children <5 years by subprefecture between October 2015 and
August 2021

Subprefecture Total<5 years Total males Number of CHW
monthly reporting
records

Batangafo 52,735 26,860 (50.9%) 1132

Bocaranga 36,945 19418 (52.6%) 1492

Koui 20,269 10,627 (524%) 1107

Markounda 43,190 21,768 (504%) 1419

Nana-Bakassa 39,269 20,633 (52.5%) 1189

Nangha Boguila 49,466 25257 (51.1%) 1181

Ngaoundaye 38,484 19,667 (51.1%) 1625

Paoua 197,918 101,860 (51.5%) 3867

Total 478,276 246,080 (51.5%) 13,012

Nutritional status

Of the 478,276 consultations, CHWs, following a stand-
ardised screening protocol, conducted an assessment of
the nutritional status of 457,327 children (6—59 months
old) consultations using MUAC. The majority of chil-
dren (93.4%) were classified as well-nourished; however,
28,345 children (6.2%) and 1626 children (0.4%) were
classified as moderately and severely malnourished,
respectively (Table 2).

Malaria burden

Of the 478,276 consultations, CHWs with a total of
466,897 RDTs for detecting P falciparum were per-
formed on children under 5 years old during the study
period. The overall malaria test positivity rate was 91.3%
(426,179/466,897); 1% (4283) of malaria-positive cases
had symptoms of severe malaria (Table 3).

Conflict data

ACLED recorded a total of 432 events between October
2015 and August 2021 across the eight subprefectures
(Table 4).

Interlinked associations between malaria, rainfall and GAM
Global acute malnutrition regression models

We conducted negative binomial regression analysis for
counts of global acute malnutrition (GAM) (n=12,916),
including all yellow and red MUAC. The model with the
best fit included the following variables: subprefecture,
rainfall, conflict, case rate of uncomplicated malaria and
case rate of severe malaria (Additional file 1: Table S1).
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Table 2 Summary of mid-upper arm circumference results for children aged 6-59 months by subprefecture between October 2015

and August 2021
Subprefecture Total measured Well-nourished Moderate acute Severe acute Number of CHW monthly
(>125 mm) Malnutrition Malnutrition reporting records with MUAC

(115-125 mm) (<115 mm) data

Batangafo 49,658 47,254 (95.1%) 2221 (4.5%) 183 (0.4%) 1126

Bocaranga 36,109 33,567 (93.0%) 2425 (6.7%) 117 (0.3%) 1482

Koui 19,927 18,891 (94.8%) 1005 (5.0%) 31 (0.2%) 1101

Markounda 41,410 38,680 (93.4%) 9 (6.3%) 1(0.3%) 1399

Nana-Bakassa 34,993 31,664 (90.5%) 3016 (8.6%) 313 (0.9%) 1183

Nangha Boguila 44,864 41,271 (92.0%) 3434 (7.6%) 159 (0.4%) 1172

Ngaoundaye 37,216 34,759 (93.4%) 2260 (6.1%) 197 (0.5%) 1612

Paoua 193,150 181,270 (93.8%) 11,365 (5.9%) 515 (0.3%) 3841

Total 457,327 427,356 (93.4%) 28,345 (6.2%) 1626 (0.4%) 12,916

Table 3 Summary of malaria rapid diagnostic test results for children < 5 years by subprefecture between October 2015 and August

2021

Subprefecture Total RDT

Total RDT positive Total RDT negative Uncomplicated malaria Severe malaria Number of CHW monthly

performed reporting records with RDT
data
Batangafo 50,425 46,675 (92.6%) 3750 (7.4%) 46,260 (99.1%) 415 (O 9%) 1132
Bocaranga 36,796 34,189 (92.9%) 2646 (7.1%) 34,034 (99.5%) 5(0.5%) 1492
Koui 20,198 18,480 (91.4%) 1742 (8,6%) 18,316 (99.1%) 64 (0.9%) 1107
Markounda 43,061 38,707 (89.9%) 4354 (10.1%) 38,203 (98.7%) 505 (1.3%) 1419
Nana-Bakassa 35,528 32,473 (91.4%) 3055 (8.6%) 32,011 (98.6%) 462 (1.4%) 1189
Nangha Boguila 45,578 41,547 (91.1%) 4031 (8.9%) 40,896 (98.5%) 620 (1.5%) 1181
Ngaoundaye 38,184 35,537 (93.1%) 2647 (6.9%) 34,823 (98%) 714 (2.0%) 1625
Paoua 197,127 178,571 (90.6%) 18,600 (9.4%) 177,100 (99.3%) 1248 (0.7%) 3867
Total 466,897 426,179 (91.3%) 40,825 (0.7%) 421,643 (99%) 4283 (1%) 13,012

Table 4 Summary of conflict data by subprefecture and event type between October 2015 and August 2021

Conflict event type

Subprefecture Violence against  Battles

civilians opment
Batangafo 42 28 19
Bocaranga 26 22 14
Koui 15 17 7
Markounda 10 5 4
Nana-Bakassa 7 3
Nangha Boguila 1 3
Ngaoundaye 22 15 21
Paoua 61 34 28
Total (%) 184 (42.6) 127 (29.4) 99 (22.9)

Strategic devel-  Riots

1(2.5)

Protests

w - O O O O O O N

(0.7)

(1.9)

Explosions/remote Total (%)
violence

94 (21.7)
64 (14.8)
42(9.7)
19 (4.4)
12(2.8)
8(1.9)

63 (14.6)
130 (30.1)
432

Change in GAM by subprefecture, season, conflict and rates

of malaria

The final model demonstrated an association between
counts of GAM and subprefecture, rainy season and

year (Table 5). While holding all other variables con-
stant, compared to Batangafo, counts of GAM were 54%
higher in Bocaranga, 22% higher in Koui, 43% higher in
Markounda, 107% higher in Nana-Bakassa, 68% higher
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Table 5 Summary of the negative binomial regression model for
counts of GAM (n=12,916)

Variable IRR (95% Cl) p value
Subprefecture

Paoua 1.32(1.19-1.48) <0.001
Ngaoundaye 1.40 (1.23-1.59) <0.001
Nangha Boguila 1.68 (1.47-1.92) <0.001
Nana-Bakassa 207 (1.81-2.37) <0.001
Markounda 143 (1.25-1.63) <0.001
Koui 1.22 (1.05-141) 0.008
Bocaranga 1.55(1.36-1.77) <0.001
Batangafo 1

Rainfall

Rainy season (Jul-Sep) 1.10(1.03-1.18) 0.004
Dry season (Oct-Jun) 1

Conflict

Violence against civilians 0.92 (0.77-1.10) 0.36
Battles 0.78 (0.62-0.97) 0.029
Strategic development 0.85 (0.68-1.06) 0.14
Riots 0.55 (0.28-1.09) 0.088
Malaria

Case rate of uncomplicated malaria  1.007 (1.005-1.01) <0.001
Case rate of severe malaria 1.045 (1.04-1.06) <0.001

X (14)=279.13,p<0.001

IRR incidence rate ratio, C/ confidence intervals

in Nangha Boguila, 40% higher in Ngaoundaye and 32%
higher in Paoua (Table 5).

While holding all other variables constant, counts of
GAM were 10% higher in the rainy season (July to Sep-
tember) (Table 5).

The final model demonstrated a negative association
between counts of GAM and battles, 22% lower com-
pared to no conflict (Table 5).

The final model demonstrated a positive associa-
tion between GAM and both the case rate of uncom-
plicated malaria and the case rate of severe malaria,
with an increase in counts of GAM of 0.7% and 4.5%
for every one unit increase in the case rate of uncom-
plicated malaria and the case rate of severe malaria,
respectively, while holding all other variables constant
(Table 5).

IRR, incidence rate ratio; CI, confidence intervals.

Discussion

The aims of this analysis were to assess levels of malnu-
trition in children aged 6—59 months living in eight sub-
prefectures of north-west CAR between October 2015
and August 2021 and to explore the association with
geography, season, incidence of malaria and conflict. The
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dataset analysed is truly unique, having been collected in
some of CAR’s least accessible and, at times, most inse-
cure subprefectures. There are no other data available
on such a large scale, either for CAR or for other similar,
malaria-endemic, conflict-affected countries.

Association between malaria and seasonality

Malaria transmission patterns across Africa are mark-
edly heterogenic. However, rainfall seasonality has
been significantly associated with malaria transmis-
sion in equatorial African locations, including Bangui,
the capital city of CAR, where two rainy seasons each
year reinforced transmission [51, 52]. Other climatic
and environmental factors such as temperature, whilst
also being important are lower-level determinants of
transmission [51, 52]. This analysis of malaria count
data and rainfall across remote rural sub-prefectures in
northwest CAR confirms that malaria transmission is
strongly associated with rainfall (Fig. 6).

Associations between nutritional status and geography

There is evidence for an association between subpre-
fecture and nutritional status in the GAM regression
model, with differences in counts of GAM ranging
from 23% (Koui) to 110% (Nana-Bakassa) more when
compared to Batangafo. Geographical differences
in levels of GAM are likely to be partly explained by
differences in levels of rural vs urban population and
accessibility to food, with many communities living
in very remote conditions, far from supply roads. The
population of Nana-Bakassa subprefecture is 100%
rural, with the nearest market 64 km away, whereas
Batangafo subprefecture is around 72% rural and
Batangafo town has three markets. Another impor-
tant difference between rural and urban populations is
access to clean (or safe) drinking water and its decline
since 2000 [53, 54]. Access to at least basic drinking
water amongst rural populations has fallen from 44%
in 2000 to 28% in 2020, and from 83 to 50% amongst
the urban population [53, 54]. Lack of basic drink-
ing water is accompanied by lack of basic sanitation:
in 2020, 12.4% of the rural population had access to
basic or safely managed sanitation compared to 25.3%
of the urban population; 38% of the rural population
was practising open defecation in 2020 compared to
6.7% of the urban population [55]. Lack of basic drink-
ing water, together with poor sanitation and hygiene
exposes children to multiple faecal pathogens. These
include important and treatable parasitic or viral dis-
eases, but faecal pathogens may also result in asympto-
matic environmental enteropathy [56]. Characterised
by blunted microvilli and inflammation in the small
intestine, altered gut permeability and microbiota,
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Fig. 6 Confirmed malaria cases vs rainfall between October 2015 and August 202

environmental enteropathy leads to reduced absorp-
tive capacity for drugs and nutrients, and micronutri-
ent deficiencies and is thought to be a causal factor in
malnutrition and stunting [57, 58].

Associations between seasonality and nutritional status
There is evidence for an association between seasonal-
ity and nutritional status, with cases of GAM around
10% higher in the months with the highest rainfall
(over 200 mm/month in July-September), compared
to the rest of the year. This seasonal variation in levels
of GAM is unsurprising: the “lean season” occurs in
developing countries during the rainy season, coincid-
ing with the time period sowing and harvesting crops,
when food supplies have become low and the popula-
tion has to rely on hunter-gatherer food supplies such
as game, tadpoles, fish, caterpillars, forest wild fruit
and vegetable (e.g. palm shoots) [59]. In northern
CAR, crops are harvested between August and Octo-
ber, therefore an increase in the number of children
with GAM is not unexpected [60]. In addition, during
the rainy season, dirt roads become unusable in CAR,
limiting remote communities’ ability to access markets
both to sell produce and buy better food supplies [61,
62].
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Associations between conflict and nutritional status

There is growing evidence of the negative impact of
conflict on child nutritional status [15]; this analysis
provides evidence that levels of malnutrition amongst
children ages 6—-59 months are likely to be underesti-
mated in areas afflicted by conflict, particularly during
events coded as battles.

There are several possible explanations for this, all of
which could result in fewer cases of MAM or SAM either
being seen or recorded by CHWs. The method of data
collection itself could be disrupted in times of conflict
since it relies on paper records of data being collected
from secure locations each month, with the risk of it
potentially being lost, particularly if incidents of conflict
have resulted in displacement. CHWs cannot always be
resupplied with materials and medications, programmes
have to be paused temporarily for security reasons, or
CHWs may not be able to reach their villages due to inse-
curity. Mothers/carers may be too afraid to venture out-
side to consult with a CHW during times of insecurity,
with the risk of rape for women who leave the safety of
their villages, camps or forest hiding places a real threat
which further reduces the incentive to seek treatment
for all but the worst health conditions [63]; children
with MAM may be considered to be part of everyday
life in this war-torn population, particularly as CHWs
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Fig. 7 Confirmed malaria cases vs mean GAM between October 2015 and August 2021 across the eight subprefectures

would not have any ‘treatment’ for MAM, only advice on
how to improve diet [27]. Families who flee to the bush
when their villages are attacked may remain in hiding
for extended periods, with little food other than what
they can forage for; consequently, children are likely to
become malnourished, and those already suffering from
MAM, more likely to deteriorate to SAM and possibly
die before they can reach help [25].

Associations between malaria infection and nutritional
status

Sick children presenting to CHWs in this region have
very high positivity rates for malaria, a finding consist-
ent with previous studies [31, 52]. Confirmed malaria
and GAM case counts were both highly seasonal, their
patterns closely mirroring each other and rainfall sea-
sonality (Figs. 6 and 7). The greater increase in cases
of GAM with increasing levels of severe malaria (4.5%)
compared to uncomplicated malaria (0.7%) is consist-
ent with evidence that GAM impairs the immune sys-
tem, weakening its ability to fight infection and thus
making it more likely that uncomplicated malaria will
progress to severe malaria. The immune system is a
highly regulated, complex system of specialised cells
and mediators which protect against external patho-
gens [38]. Good nutrition, including key vitamins
and minerals, is essential to support the high energy

demands and complexity of the immune system, par-
ticularly for optimal immunocompetence during
infections, yet deficiencies of micronutrients key for
immune function (e.g. vitamin A, zinc, iron) are com-
mon in low-income countries, linked to lack of dietary
diversity as well as food insecurity [19, 58]. In turn,
nutritional status is likely to be affected by the pres-
ence of infection, due to the interrelationship between
malnutrition and immunity, either through reduced
food intake, nutrient losses (e.g. diarrhoeal diseases),
coupled with the increased energy demands imposed
by an immune system trying to combat infection [39].
In addition, recovery from uncomplicated malaria fol-
lowing treatment is likely to be compromised in chil-
dren with malnutrition, particularly if this is associated
with environmental enteropathy; these children will
have reduced absorptive capacity for drugs, decreasing
the effectiveness of orally administered drugs, such as
those routinely used by CHWSs to treat uncomplicated
malaria (artemisinin combination therapies) [64]. Con-
sequently, treatment failure may ensue, increasing the
likelihood that children with acute malnutrition will
fail to clear the infection and return days later, but with
worse symptoms or severe malaria [65]. Children suf-
fering from SAM who become infected with malaria
may deteriorate faster from uncomplicated to severe
malaria than children suffering from MAM as SAM is
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associated with a severely compromised immune sys-
tem [39, 66]. Children under 5 years old who develop
severe malaria can die within hours, often en route to a
CHW; cases of children with SAM and severe malaria
may not ever be seen and therefore recorded by CHWs
[27, 66].

Implications of the findings

This analysis indicates that the likelihood that children
aged 6—59 months suffer from GAM varies depending on
where they live in north-west CAR, the degree of malaria
transmission and rainfall seasonality. This is an impor-
tant finding which may be missed by SMART and MICS
surveys as these often do not access the more remote,
conflict-affected populations. Targeted nutritional ser-
vices are clearly needed to reach those in geographical
areas with the highest burden and risk of GAM. In addi-
tion, it is evident that without nutritional surveys that
include data from communities that are in more insecure
or remote locations, communities that are most at risk of
malnutrition will not always be identified.

Figures 4 and 5, when viewed together with Table 4
demonstrate the essential role of CHWSs in accessing
and sustaining service delivery to communities living in
conflict-affected areas of CAR, without which would not
be reached with essential services. CHWs have a unique
ability to deliver essential primary health services to their
communities, even when they are displaced. More sick
children are likely to have accessed and received health
care from CHWs, than would have been the case had
these children been reliant on static health facilities, par-
ticularly in times of conflict. With their unique access to
remote communities, it may be feasible to use CHW net-
works to treat cases of MAM and uncomplicated cases of
SAM in their communities, particularly if conflict or dis-
tance to health care facilities is a barrier to children with
SAM obtaining treatment. There is some evidence that
treating uncomplicated SAM cases in the community may
significantly improve nutritional recovery rates compared
to treatment at inpatient facilities, in part through the
improvement in early detection and treatment [67, 68].

Integration of basic nutritional surveillance and treat-
ment services, together with bringing diagnosis and
case management of malaria and other diseases to the
community level in emergency settings through trained
CHWs, will help save more lives; it will also inform those
responsible for coordinating and delivering aid, how bet-
ter to rationalise and improve targeting and increase the
impact of international aid funding. At a time when inter-
national aid budgets are under great stress and numbers
in need of humanitarian assistance are at record levels,
never has the need to maximise the efficiency of humani-
tarian responses been greater.
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Wider implications

This analysis reinforces understanding of the impres-
sive geographical reach achievable by CHWSs trained
to deliver essential primary health care services even to
the most inaccessible communities [31]. It demonstrates
the ability of such community-level services to extend
the scope of basic disease and nutritional surveillance
[31]. This study sheds new light on the important inter-
play between malnutrition and malaria, the most com-
mon cause of suffering and death in this and many other
similar malaria-endemic settings host to armed conflicts,
natural disasters and large displaced populations. The
responsibility for co-ordination and funding of resources
for addressing malnutrition and malaria in such settings
are siloed, as a consequence of the international Cluster
mechanism, established in 2005 [69]. Inevitably, this has
led to the creation of specialised aid organisations with
different operational capacities, particularly for insecure
settings. Whilst usually delivering good quality verti-
cal services to some communities, they often do so in a
siloed manner, due to the lack of cross-sector co-ordi-
nation mechanisms at country level. The overwhelming
need to plan and deliver emergency humanitarian mal-
nutrition and malaria control services together has been
largely unrecognised, or worse, ignored.

The hardest-to-reach communities usually have the
poorest access to essential services and are often those
most at risk of attack from multiple armed groups. Con-
sequently, they are subject to the deadly combination
of attacks, looting, forced displacement and increased
exposure to malaria vectors when living rough. Fur-
thermore, particularly when displaced, access to food
and clean water may be severely limited. Few aid agen-
cies have the operational capacity or cross-sectoral skill
set to serve such communities on their own, with co-
ordination and funding siloes creating hurdles not fore-
seen in 2005. CHWs have, to date, been an underutilised
delivery mechanism in most humanitarian crises, often
overlooked, perceived as suited only to developmental
contexts and requiring multi-year funding commitment.
Their proven and long-established capacity to serve peo-
ple others cannot reach in insecure areas of CAR is a
model that could well serve similar humanitarian crises
across Africa and other parts of the world [31].

Limitations

The nutritional and malaria data used in this retrospec-
tive analysis were collected for children seeking treat-
ment from CHWs, rather than for children selected
randomly as part of a survey. CHW activity and scale
varied over the study period. These variations have
been accounted for in teh study analysis. However, this
still remains a large and unique dataset. The number of
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counts of SAM was too low to allow for MAM and SAM
data to be analysed separately, however, it is hypoth-
esised that associations between SAM and severe
malaria would be greater than those between MAM and
severe malaria. Although all conflict events recorded by
ACLED during the collection period were used in the
regression analysis, some events may be missing; fur-
ther research which examines data from other conflict
databases may therefore be beneficial [15, 70]. It is likely
that some conflict events that may have an impact on
child nutritional status are not recorded in any data-
bases, particularly when these occur in remote loca-
tions, such as many of the villages in which CHWs work
[27]. Furthermore, it is difficult to capture the inten-
sity of events in the analysis. For example, “365 homes
[were] looted/burned as suspected former Seleka mili-
tiamen attacked Bowai village” is recorded as one event
in the ACLED database [48]. Such events are likely to
have a lasting impact on populations, causing displace-
ment which puts children at higher risk of malnutri-
tion. People remain hidden for long periods to avoid
being raped or shot, returning to their villages and fields
only when certain that the armed groups have left. This
is likely to happen on a regular, cyclical basis as armed
groups revolve around the areas they control, leading
to regular population displacement for weeks at a time,
rather than long-term displacement into formal camp
settings. This type of regular displacement is unique
to north-west CAR and is very difficult to record. The
potential impact on the nutritional status of such con-
flict-induced displacements in this area is therefore
difficult to assess without more detailed recording of
events including timing, location, event duration and
displacement numbers. Collection of a wider num-
ber of household variables, such as educational status,
income levels, diet, food security, access to clean water
and hygiene practices, maternal age, maternal nutri-
tional status, family size, displacement status, and data
on other morbidities, coupled with birth weight, season
of birth, weight and hight measurements of children
for assessment of chronic malnutrition, in addition to
MUAC for assessment of acute malnutrition, combined
with the other key factors measured in this analysis,
would allow a more detailed analysis and improved
understanding of the factors associated with chronic
and acute malnutrition in this context [71-74].

Conclusions

This analysis demonstrates that there are real differ-
ences in malnutrition levels across eight subprefectures
in north-west CAR. Ongoing conflict makes it difficult
to access populations living in these subprefectures,
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particularly their rural communities. SMART and
MICS nutritional surveys do not reach these commu-
nities and therefore cannot assess the differences in
malnutrition levels in the very areas where this analysis
has shown these may be highest. This analysis provides
invaluable insight into the need for nutritional support
funding to be geographically targeted to meet vary-
ing levels of support required, particularly given the
current decreased funding for CAR [14]. Networks of
CHWs, trained, suitably equipped, and supported for
emergency contexts, offer real potential to integrate
targeted nutritional support, together with essential
diagnostic and treatment services for malaria and other
life-threatening diseases, where most needed.

The nature of armed conflict has changed, creating
long-term chronic humanitarian crises [75, 76]. The
nature of the global humanitarian response must now
change too, with organisations working together to
ensure a more coordinated response to reach and pro-
tect those they have committed to serve.
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