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Determining health-care facility catchment areas in Uganda using data

on malaria-related visits

Kate Zinszer? Katia Charland,® Ruth Kigozi,® Grant Dorsey,” Moses R Kamya® & David L Buckeridge?

Objective To illustrate the use of a new method for defining the catchment areas of health-care facilities based on their utilization.
Methods The catchment areas of six health-care facilities in Uganda were determined using the cumulative case ratio: the ratio of the
observed to expected utilization of a facility for a particular condition by patients from small administrative areas. The cumulative case ratio
for malaria-related visits to these facilities was determined using data from the Uganda Malaria Surveillance Project. Catchment areas were
also derived using various straight line and road network distances from the facility. Subsequently, the 1-year cumulative malaria case rate
was calculated for each catchment area, as determined using the three methods.

Findings The 1-year cumulative malaria case rate varied considerably with the method used to define the catchment areas. With the
cumulative case ratio approach, the catchment area could include noncontiguous areas. With the distance approaches, the denominator
increased substantially with distance, whereas the numerator increased only slightly. The largest cumulative case rate per 1000 population
was for the Kamwezi facility: 234.9 (95% confidence interval, Cl: 226.2—243.8) for a straight-line distance of 5 km, 193.1 (95% Cl: 186.8—199.6)
for the cumulative case ratio approach and 156.1 (95% Cl: 150.9-161.4) for a road network distance of 5 km.

Conclusion Use of the cumulative case ratio for malaria-related visits to determine health-care facility catchment areas was feasible.
Moreover, this approach took into account patients’actual addresses, whereas using distance from the facility did not.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

Knowledge of a health-care facility’s catchment area is im-
portant for assessing health service utilization, for calculating
population-based rates of disease and for performing other im-
portant analyses. Different approaches to defining catchment
areas have been developed, mostly in the field of health service
research.'” One simple way of establishing the boundaries of
a catchment area is to use distance from the facility - either
the straight-line distance, the distance patients have to travel
or the distance travelled by patients in a given time.*” Under
this approach it is assumed that people will visit the closest
facility, which implies that distance is the overriding factor
influencing attendance. However, distance is only one of many
factors that influence the choice of health-care facility; others
are the services available and the perceived quality of care.**

Another approach, termed the patient-flow method, is
based on the proportion of patients visiting or admitted to a
health-care facility who come from a particular administra-
tive area, such as a census tract or a postal code area: if the
proportion exceeds a set minimum, that administrative area is
included in the facility’s catchment area.”® With this approach,
the catchment area is not limited by the distance between
a patient’s residence and the facility. However, an arbitrary
threshold is usually imposed on the minimum proportion
of patients who must come from a particular area for it to
be included in the catchment area. For example, postal code
areas that account for less than 1% of admissions to a facility
may be excluded from the catchment area.” Consequently,

some individuals who live in an area not considered part of
a facility’s catchment area may regularly attend the facility.
The likelihood that these minority “users” would be regarded
as living outside the catchment area increases with the size
of the administrative area. Another limitation is that an area
may be excluded from the catchment area even though a large
proportion of its population, or even the entire population,
uses the facility because the proportion of patients attending
the facility from that area does not exceed the minimum.’
In this case, the chance of exclusion increases as the area’s
population decreases.

Here we propose a new method for defining the catch-
ment area of a health-care facility that builds and improves
on the patient flow approach: the catchment area is defined
using a statistical measure - the cumulative case ratio, which
is the ratio of the observed to the expected utilization of the
health-care facility for a particular condition by patients in
an administrative area. We illustrate our method by using
data on the utilization of malaria-related services to define
the catchment areas of six health-care facilities in Uganda.
Then, for each facility, we compare the cumulative rate of
confirmed malaria cases in the catchment area derived using
this approach with the rate in areas derived using the straight
line or road network distance from the facility.

Methods

In this analysis we used data on outpatients attending health-
care facilities for suspected malaria collected by the Uganda
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Malaria Surveillance Project, in which
a sentinel-site approach to monitoring
the malaria burden in the country was
adopted. The surveillance programme
was implemented in a staggered fashion:
it started in July 2006 and the final site
opened in August 2008. We selected six
sites to represent the diversity of malaria
epidemiology in Uganda. They were all
government, level-IV health centres that
provided care free of charge, including
diagnostic testing and medications, as
has been described previously,"” and
all had the laboratory equipment and
trained staff needed for malaria diag-
nosis, case management and data collec-
tion. The data collected for each patient
presenting to outpatient clinics included
the patients’ demographic characteris-
tics and parish of residence, the results
of malaria diagnostic tests, the diagnosis
and the treatments prescribed. The par-
ish is the second smallest administrative
unit in Uganda and each parish contains
5000 to 6000 inhabitants. A standard-
ized case report form was used and data
were entered electronically at each site
by a data officer, who was supported
by the Uganda Malaria Surveillance
Project.

We determined which parishes
should be included in the catchment
area of each facility using three different
parameters: the straight-line distance
from the facility, the road network dis-
tance from the facility and the cumula-
tive case ratio for malaria-related visits.
To derive catchment areas based on
straight-line distance, we used distances
of 5, 10, 20 and 30 km. These distances
were selected because the 2009 Uganda
Malaria Indicator Survey'' found that
96% of respondents lived within 9 km
of a health-care facility and because
the 2009 Uganda National Household
Survey'” reported that the average dis-
tance of a household from a government
hospital was 20 km. The catchment area
included all parishes that fell within
circles centred on the facility with radii
of 5, 10, 20 and 30 km, respectively. To
derive catchment areas based on the
road network distance, we used road
distances of 5, 10, 20 and 30 km along
the road networks surrounding each
facility. The catchment area included all
parishes located within a road distance
of 5,10, 20 or 30 km, respectively, from
the facility. In addition, parishes were

included if they were located less than
2 km from the nearest road. A parish
that did not lie entirely within the dis-
tance circle or within the road network
distance was included in the catchment
area only if over 50% of its surface area
lay within the relevant limit. Otherwise,
it was excluded.

The cumulative case ratio was
defined as the ratio of the observed
to the expected number of malaria-
related visits to a facility from a parish.
Malaria-related visits included all visits
between 1 January 2010 and 31 Decem-
ber 2012 by patients who had suspected
or confirmed malaria or who tested
negative for the disease. We used ma-
laria-related visits because we wanted
to include all users of malaria-related
services, not only confirmed cases. The
expected number of malaria-related
visits to a facility from a particular
parish was calculated by multiplying
the parish’s population by the cumula-
tive case rate for that facility. A parish
was included in the catchment area if
the upper limit of the 95% confidence
interval for the cumulative case ratio
for that parish was 1 or greater because
a ratio less than 1 indicated that the
parish contributed significantly fewer
malaria-related visits than expected for
its population.

Catchment areas were derived
for each of the six sentinel sites using
the three parameters and the cumula-
tive case rate for each catchment area,
however derived, over a 1-year period
was calculated. The numerator was the
total number of malaria cases confirmed
between 1 January 2010 and 31 Decem-
ber 2012 from all parishes included in
the catchment area. The denominator
was the total population of all parishes
included in the catchment area, which
was derived using population estimates
from the 2002 Uganda Population and
Housing Census. During this period,
an average of 98% of all patients with
malaria symptoms were tested for ma-
laria: the proportion ranged from 97%
to 100% over the six sites.

Catchment areas were plotted on
mapping files obtained from the Uganda
Bureau of Statistics and the geographical
coordinates of all parishes were recorded
using zone 35 north of the Universal
Transverse Mercator coordinate system.
All analyses were performed using R
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software v2.14.0 and ArcGIS 10 (esri,
Redlands, USA).

Results

Fig. 1 displays the cumulative case rate
per 1000 population in each parish for
all malaria cases confirmed during 2012
at one of the six Uganda Malaria Surveil-
lance Project health-care facilities. The
figure also shows the locations of the
six facilities and the variation in disease
burden and geographical spread. No
catchment area definition was applied.
It can be seen from the figure that the
parishes with the highest cumulative
case rates either contained a facility
or was adjacent to one. Over 40% of
parishes had a cumulative case rate of 1
per 1000 or less in 2012. Fig. 2 shows the
catchment area of the Nagongera health-
care facility, as determined using the
three parameters: straight-line distance,
road network distance and cumulative
case ratio for malaria-related visits. The
largest geographical area was obtained
using a straight-line distance of 30 km,
whereas the smallest was obtained
using the cumulative case ratio. In ad-
dition, use of the cumulative case ratio
led to the inclusion of noncontiguous
parishes. Figures illustrating the corre-
sponding catchment areas for the other
five health-care facilities are shown
in Appendix A (available at: http://
surveillance.mcgill.ca/users/kzinszer/
WHObulletin/index.php).

As shown in Table 1, the cumula-
tive rate of confirmed malaria cases
varied considerably for most sites ac-
cording to the way in which the catch-
ment area was defined. In particular, the
rate decreased with increasing distance
from the facility for both straight line
and road network distances and, gener-
ally, was highest when the catchment
area was defined using a distance of
5 km. The largest rates were observed
for the catchment area of the Kamwezi
health-care facility: 234.9 per 1000
when defined using a straight-line
distance of 5 km, 193.1 per 1000 when
defined using the cumulative case ratio
and 156.1 per 1000 when defined us-
ing a road network distance of 5 km.
Although the denominator in the cu-
mulative case rate calculation became
much larger as distance increased,
there was no corresponding increase
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Source of shapefile: Uganda Bureau of Statistics, Kampala, Uganda.
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Fig. 2. The Nagongera health-care facility’s catchment area as determined using the three parameters: straight-line distance,” road
network distance® and cumulative case ratio for malaria-related visits,c Uganda, 2012
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¢ Catchment areas were defined as lying within a straight-line distance from the facility of 5, 10, 20 and 30 km, respectively.

® Catchment areas were defined as lying within a road network distance from the facility of 5, 10, 20 and 30 km, respectively.

¢ A parish was included in the catchment area if the upper limit of the 95% confidence interval for the cumulative case ratio for the parish (i.e. the ratio of observed to
expected malaria-related visits from the parish) was 1 or greater.

Source of shapefile: Uganda Bureau of Statistics, Kampala, Uganda.
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in the numerator. Hence, generally, the
cumulative case rate decreased as the
size of the catchment area increased.
Table 2 shows the number of parishes
included in each catchment area. When
catchment areas were defined using a
straight-line distance of 30 km, they
included an average of 105 parishes;
in contrast, when defined using the
cumulative case ratio, they included an
average of 10 parishes. The catchment
area of the Aduku health-care facility
did not contain any parishes when de-
fined using a road network distance of
5 km (i.e. less than 50% of each parish’s
area lay within the defined distance).

Discussion

The differences observed between dif-
ferent estimates of the cumulative rate
of confirmed malaria cases in catch-
ment areas generally occurred because
the numerator and denominator in the
case rate calculation increased differen-
tially with the distance used to define
the catchment area. For example, the
catchment area and its population were
largest when a straight-line distance
of 30 km was used; consequently, the
denominator was also large. When a
straight-line distance of 5 km was used,
the numerator was only slightly smaller
but the denominator was much smaller.
Clearly the distance between a patient’s
residence and the health-care facility
was important but doubling the distance
did not double the number of cases.
Defining a catchment area according to
distance from the facility has the advan-
tage of simplicity but this approach does
not take into account where patients ac-
tually live. Moreover, although distance
is important, it is not the only factor
influencing a patient’s choice. Use of
the cumulative case ratio is not affected
by distance since it uses patients” actual
addresses. As Fig. 2 demonstrates, this
can result in catchment areas made up
of noncontiguous parishes.

The main limitation of our ap-
proach follows from the assumption
that the reason the number of malaria-
related visits from a particular parish
was lower than expected was primarily
because utilization of the health-care
facility by the parish’s population was
low. However, lower than expected
utilization could have been due to a low
incidence of symptoms characteristic of
malaria in the parish. If the purpose of
defining a catchment area is to estimate

¢ A parish was included in the catchment area if the upper limit of the 95% Cl for the cumulative case ratio for the parish (i.e. the ratio of observed to expected malaria-related visits from the parish) was 1 or greater.

¢ Data on the health-care facilities were collected by the Uganda Malaria Surveillance Project.
4 Catchment areas were defined as lying within a specified road network distance from the facility.

° Per 1000 population.
¢ Catchment areas were defined as lying within a specified straight-line distance from the facility.

CCR, cumulative case rate; Cl, confidence interval; NA, not applicable.
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¢ Catchment areas were defined as lying within a specified straight-line distance from the facility.

© Catchment areas were defined as lying within a specified road network distance from the facility.

¢ A parish was included in the catchment area if the upper limit of the 95% confidence interval for the cumulative case ratio for the parish (i.e. the ratio of observed to expected malaria-related visits from the parish) was one or greater.
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a facility’s utilization rate, this assump-
tion may not be of concern since areas
of low utilization are excluded. However,
if the purpose is to obtain a population-
based estimate of disease burden, the
assumption may introduce an error and
additional data on the background level
of the disease in question would be re-
quired to assess the potential level of that
error. There are also limitations inherent
in using health-care utilization data to
calculate population-based estimates of
disease burden. Although attendance
at a health-care facility is influenced
by several factors associated with the
individual patient, it is also affected by
the characteristics of the facility, such as
its capacity, which will limit the number
of cases that can be seen. In addition,
we had no information on “competing”
facilities, whose presence may have in-
fluenced attendance at the six facilities
we studied. Consequently, we may have
underestimated the true cumulative case
rate of malaria in the catchment areas
since our analysis included only cases
at Uganda Malaria Surveillance Project
facilities.

Accurate identification of a facil-
ity’s catchment area is important for:
understanding the population served;
for planning and evaluating service de-
livery, including the accessibility of ser-
vices; and for deriving population-based
health indicators, such as disease bur-
den. Conversely, an erroneous view of
the catchment area can lead to inefficient
and inadequate services, misspecifica-
tion of the catchment population and
potentially flawed decision-making on
other facilities, such as deciding where
to locate a new facility. Despite its
limitations, the cumulative case ratio
approach is more likely to produce an
accurate estimate of the true catchment
area than an approach using the straight
line or road network distance because it
is based on where patients actually live.
In contrast, the distance approaches can
lead to the inclusion of parishes where
there are no cases of malaria.

The first consideration in using
the cumulative case ratio approach
to estimate a facility’s catchment area
is to choose the basic administrative
unit. It is best to use the smallest unit
possible. The geographical location of
patients must be recorded at the facil-
ity level and population data with the
same geographical resolution must be
obtained. Another consideration is the
time period during which the catchment
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area is defined since catchment areas are
affected by factors that vary over time,
such as changes in the capacity of or
the services provided by the facility or
the opening or closing of other health-
care facilities nearby. After exploring
this issue, our findings (not reported)
suggest that data from the most recent
2 or 3 years are sufficient for establish-
ing current catchment areas. The use
of a longer period would provide an
insight into the stability of the catch-
ment area over time. Catchment areas
should be reassessed periodically. A final
consideration is whether the catchment
area should be based on all admissions
to the facility or on the utilization of a
particular service.

Our analysis demonstrates how
population-based measures of disease

burden, such as the malaria case rate,
are dependent on the method used to
define the catchment areas of health-
care facilities. The cumulative case ratio
approach to defining catchment areas we
propose identified administrative units
in which the utilization of a health-care
facility was substantially lower than
expected, thus enabling those units to
be excluded from the facility’s catch-
ment area. Qur approach is simple and
reproducible and is based on using a
statistical measure to decide which ad-
ministrative units should be included in
catchment areas. ll
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Résumé

Détermination des zones desservies par les établissements de soins de santé en Ouganda en utilisant les données relatives aux

consultations liées au paludisme

Objectif lllustrer I'utilisation d'une nouvelle méthode de définition des
zones desservies par les établissements de soins de santé en fonction
de leur utilisation par les patients.

Méthodes Les zones desservies par 6 établissements de soins de santé
en Ouganda ont été déterminées en utilisant le rapport cumulatif des
cas: Cest-a-dire le rapport des utilisations observées sur les utilisations
attendues d'un établissement par les patients provenant de petites
zones administratives et consultant pour une maladie particuliere. Le
rapport cumulatif de cas pour les consultations liées au paludisme a été
déterminé a l'aide des données du Projet de Surveillance du Paludisme
en Ouganda. Les zones desservies ont également été obtenues en
utilisant différentes distances en ligne droite et différentes distances de
réseau routier a partir de Iétablissement. Ensuite, le taux cumulatif des
cas de paludisme a été calculé pour chaque zone desservie, telle que
déterminée a I'aide des trois méthodes.

Résultats Le taux cumulatif des cas de paludisme de la premiére
année variait considérablement en fonction de la méthode utilisée

pour définir les zones desservies. Avec I'approche des rapports
cumulatifs des cas, la zone desservie pouvait inclure des zones
non contigués. Avec les approches des distances, le dénominateur
augmentait considérablement avec la distance, alors que le numérateur
naugmentait que légérement. Le plus grand taux cumulatif des cas pour
1000 habitants a été obtenu pour Iétablissement de Kamwezi: 234,9
(intervalle de confiance a 95%, IC: 226,2-243,8) pour une distance en
ligne droite de 5 km, 193,1 (IC a 95%: 186,8—199,6) pour I'approche de
rapport cumulatif des cas et 156,1 (IC a 95%: 150,9-161,4) pour une
distance de réseau routier de 5 km.

Conclusion Il est possible d'utiliser le rapport cumulatif des cas pour les
consultations liées au paludisme afin de déterminer les zones desservies
par les établissements de soins de santé. En outre, cette approche
prend en compte les adresses réelles des patients, alors que ce n'est
pas le cas lorsque l'on utilise les distances a partir des établissements
de soins de santé.

Pestome

Oon pepeneHue pa|7|0|-|03 OXBaTa 06CHy)KI/I BaHNeEM yypexxXaeHNAMU 34PpaBOOXPaHEHNA B Yranpge ¢
NCnoJjib30BaHNEM AaHHbIX O NoCeLeHNAX B CBA3U C Manﬂpmeﬁ

Llenb MpounniocTprpoBaTb UCMNONb30BaHe HOBOrO MeToa
onpefeneHna paroHoB oxeaTa OOCNYKMBAHWEM YUPEXAEHNAMM
3paBOOXPaHeHNA, OCHOBAHHOMO Ha WHTEHCUBHOCTM WX
MCMONb30BaHNA.

Mertoppb! PaiioHbl oxBaTa 0OCNYKMBAHMEM LUECTBIO YUPEXAEHVAMN
3ApaBOOXpaHeHNs B YraHae Obivi onpeaeneHbl C MCNob30BaHWEM
COBOKYMHOTO KO3dodULMeHTa cnyyaes 3abonesaHunn, T. e.
Ko3hdULVEHTa CNyUaeB BEPOATHOIO UCMOIb30BaHWA YUPEXAEHNIA
ONA KOHKPETHOTO COCTOAHMA MaUMEeHTOB M3 HeOOMbWNX
AAMUHNCTPATUBHbBIX palioHoB. COBOKYMHbI KOIOOUUMEHT
3aboneBaHVin Ansa NoceweHnin AaHHbIX YUPeXAeHWin B CBA3N C
Manapviein onpeaenanca C MCNonb3oBaHMEM [aHHbIX [poekTa no
nccneposannio manapun 8 Yravae (Uganda Malaria Surveillance
Project). PalioHbl 0xBaTa 00CNyKMBaHVEM TakxKe onpeaenanncs
C WCNOMb30BaHMEM Pa3NNYHBbIX PACCTOAHMUIA MO MNPAMON 1 MO
LOPOXHOW CETU IO yUpexaeHWA. 3aTemM ro4oBOM COBOKYMHbI
KO3OOULMEHT CryyaeB 3aboNeBaHNU ManApren BulUMCAANCA AnA
Ka»k[0ro paioHa oxeata 00C/yVBaHVeM yCTaHOBEHHbBIM 06Pa3oMm
C UCNONb30BaHMEM TPEX METOAOB.

PesynbTatbl [0[JOBOI COBOKYMHbIN KOIGPUUMEHT Clyyaes
3aboneBaHui Manspuen BapbvpoBanca B 3aBUCMMOCTA OT

MeTofa, MCNOMb30BaBLIErocs AnA onpeaeneHs paloHoB OxBaTa
obcnyxmBaHvem. MNpu NpruMeHeHrn Noaxona, Npeanonaralowero
1ICNOMb30BaHVIe COBOKYMHOMO KO3hOULIMEHTa CrydyaeB 3aboneBaHui,
B PalioHbl OXBaTa 00CYKMBaHVIEeM MOV ObiTb BKAIOUEHb! PaioHbl,
COCTOALLME 13 HECKOMbBKMX HECMEKHbIX Y4aCTKOB. [1pU NprMeHeH
NOAXOA0B, NPeAnoNaratoLLVX y4eT pacCTOAHNA, 3HaMeHaTeNb BMecTe
CyBeNMYeHVIeM PacCTOAHMIA YBENMUMBANCA CYLLECTBEHHO, B TO BPeMA
Kak YncimTenb YBENMYMBANCA LWL HE3HaUUTENbHO. HanbonbLunii
COBOKYMHbI KO3GOULIMEHT Cyyaes 3abonesaHna Ha 1000 yenosek
nonynAunm 6bin BbIABIEH ANA yupexaeHus B paioHe Kamsesw
(Kamwezi): 234,9 (noseputensHbi nHTepsan (A1) 95 %, 226,2—-243,8)
INA PaccToaHva No npamMort B 5 km, 193,1 (I 95 %, 186,8-199,6)
npv NPYMEHeHMI NOAX0Aa, NMPeAnonaraLero UCnob3oBaHve
COBOKYMHOrO KO3QdULMEHTa CydyaeB 3abonesaHni, 1 156,1 (95 %
Cl:150,9-161,4) onAa pacCcToAHMA NO AOPOKHOWM CETU B 5 KM.
BbiBop VIcmonb3oBaHue COBOKYMHOMO KoabduureHTa cnydaes
3ab0neBaHuin Ana nocelleHnr B CBA3M C Manapmrein okasanoch
onpasaaHHbIM. bonee Toro, 3TOT NOAXOf NPUHMMAET BO BHUMaHMe
bakTnyeckre agpeca naumeHToOB, B TO BPEMA KakK MOAXOAOM,
npeanonaratolM UCMob30BaHWe PACcCTOAHMA A0 YUpeXaeHUs,
3TO He NpeayCMOTPEHO.

Resumen

Definir las areas de captacion de los centros de salud en Uganda mediante datos de visitas relacionadas con el paludismo

Objetivo llustrar el uso de un nuevo método para definir las dreas de
captacion de los centros de salud basado en su uso.

Métodos Se determinaron las dreas de captacion de seis centros de
salud en Uganda mediante el cociente de caso acumulativo: el cociente
entre el uso observadoy el uso previsto de un centro para una condicién
particular por parte de pacientes de pequefas dreas administrativas. Se
determind el cociente de caso acumulativo de las visitas relacionadas
con el paludismo a dichos centros utilizando los datos del Proyecto de
vigilancia de la malaria en Uganda. También se obtuvieron las dreas
de captacién en base a varias distancias lineales y de red vial respecto

al centro de salud. Posteriormente, se calculé la tasa acumulativa de
casos de malaria de un afio para cada drea de captacion, determinada
mediante los tres métodos.

Resultados La tasa acumulativa de casos de malaria de un afo varié
considerablemente con el método utilizado para definir las dreas de
captacion. Mediante el enfoque de la tasa acumulativa de casos, el
area de captacién podria incluir reas no contiguas. Con los enfoques
basados en la distancia, el denominador aumento sustancialmente con
la distancia, mientras que el numerador solo aumentd ligeramente.
La mayor tasa acumulativa por 1000 habitantes se dio en el centro
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de Kamwezi: 234,9 (intervalo de confianza del 95 %, IC: 226,2-243,8)
para una distancia lineal de 5 km, 193,1 (IC del 95 %: 186,8-199,6)
para el enfoque de la tasa acumulativa de casos y 156,1 (IC del 95 %:
150,9-161,4) para una distancia de red vial de 5 km.

Conclusion El uso de la tasa acumulativa de casos para las visitas

Kate Zinszer et al.

relacionadas con el paludismo a fin de determinar las dreas de captacion
de centros de salud fue factible. Ademas, este enfoque tuvo en cuenta
las direcciones reales de los pacientes, mientras que el enfoque basado
en la distancia respecto al centro no las considero.
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