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ABSTRACT

This thesis describes a series of studies designed to improve our understanding of the
transmission cycle of cutaneous leishmaniasis (CL) in the coffee-growing sub-Andean
region of Huila department and to explore the use of insecticide treated bednets as an
alternative control measure to the current policy of house spraying. The thesis is divided
into six chapters, including four results chapters. Chapter 1 reviews the public health
importance of CL in the Andean region, in Colombia and in Huila department; explores
the possible risk of CL in coffee plantations at regional, departmental and municipal
levels; and presents a brief summary on control strategies in the Andes, Colombia and
Huila. Chapter 2 describes an exploratory study in seven representative areas within
the sub-Andean region (1000 - 2000 m a.s.l.) of Huila department designed to identify
possible CL vectors and the ecological determinants for their distribution and
abundance. The study helps to: (i) explain the current distribution of CL in Huila
department; (ii) identify the boundaries of the epidemic area; and (iii) identify new areas
of potential risk for the disease which should be considered for monitoring or
prevention programs. The main findings were: (1) the CL foci of Huila was identified
geographically; (2) Lutzomyia longiflocosa appears to be the principal sandfly vector,
having a narrow ecological niche defined largely by altitude, temperature and a
preference for a well structured forest or forest-like habitat (i.e. traditional coffee-
growing area); (3) there was no evidence for complete adaptation of L. longiflocosa to
intensive coffee plantations; and (4) L. nuneztovari is a generalist species which has at
most a limited secondary vectorial role in this region. Chapter 3 describes a
cross-sectional study at household level in three villages (267 houses) designed to (1)
identify environmental risk factors for the suspected vectors and (ii) identify
demographic, environmental and entomological risk factors for disease. The main
findings were: (1) stronger evidence incriminating L. longiflocosa as the main vector,
and confirming the less important role of L. nuneztovari, (2) the detected risks
confirmed the feasibility of the use of insecticide treated bednets (ITNs) as a control
measure for CL. Chapter 4 describes a series of field studies to evaluate the use of
lamdacyhalothrin treated bed nets as an alternative control measure (to house spraying)
for CL within the study area: (1) the entomological efficacy of ITNs was tested under
controlled conditions; (2) the entomological effectiveness (measured indirectly by

indoor CDC light traps) of ITNs and house spraying were both measured in a
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household-based intervention trial; (3) the reliability of light traps as an indicator of
indoor sandfly exposure (in the previous study) was tested by comparison with indoor
human landing catches; and (4) field bioassays were used to measure the residual lethal
effect of the insecticide up to 4 months after both interventions were implemented in the
effectiveness trial. Together, the efficacy and effectiveness studies showed that ITNs
reduce L. longiflocosa indoor human landing rates, blood feeding success, and Human
Blood Index. The effects of house spraying were unclear, as the reduction in sandfly
numbers (fed and unfeds) observed in light traps in sprayed houses was not reflected by
any reduction in human landing catches. Chapter 5 describes a questionnaire study of
the inhabitants in the epidemic area to evaluate their knowledge, attitudes and practices
in relation to sandfly and CL control in Huila. The study showed that (1) bednets were
widely used, but less so amongst the poorest households, and (ii) nets were commonly
used to reduce sandfly nuisance rather than reduce the risk of CL. However knowledge
of sandfly involvement in CL transmission was positively associated with net usage.
This information should help inform the design of future ITN campaigns in the region.
Finally, Chapter 6 summarises and integrates the main findings of the four results
chapters, recommends the provision of ITNs to replace house spraying for CL control

in Huila, and proposes future studies which should be prioritised.
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1 INTRODUCTION

1.1 INTRODUCTION TO CUTANEOUS LEISHMANIASES IN THE
ANDEAN REGION

The leishmaniases are a group of diseases caused by parasites of the genus Leishmania
and transmitted to humans by the bite of an infected female sandfly (of the genus
Lutzomyia in the New World and Phlebotomus in the Old World) (Desjeux 1992). The
most common clinical form is cutaneous leishmaniasis (CL) with an annual global

incidence of 1 to 1.5 million cases (WHO 2002).

CL in the New World is a disease with zoonotic characteristics. It involves at least 13
species of the genus Leishmania, 32 proven or suspected vectors species and around 40
mammal species as reservoirs. This implies the existence of many transmission cycles,

thus showing a complex epidemiology (Grimaldi and Tesh 1993).

Once considered as a disease associated with intrusion of humans into undisturbed
forested areas, there is now overwhelming evidence that CL transmission In the New
World can occur within the domestic environment, specially in new human settlements
(where herbaceous and bush strata in the forest has been replaced with crops which need
shade) (Le Pont and Pajot 1981; Aguilar er al, 1989; Lainson 1989). These
modifications in the transmission cycle led to new approaches to control, allowing the

possibility for control measures such as house spraying (Campbell et al., 2001).

In the Cordillera (mountain chains) de los Andes, CL is distributed from about 10° N to
approximately 20" S, including, from north to south, the following countries:
Venezuela, Colombia, Ecuador, Peru and Bolivia. No CL cases have been reported In
the Andes of Chile and Argentina. CL cases have a wide distribution within the Andean
countries, being reported in 89% (94 / 106) of the departments of all the five countries.
The mean number of reported cases of leishmaniasis between 1996 to 1998 was 14,082



Chapter 1 Introduction

cases, Colombia having the highest number, 6,155 cases; and Bolivia the highest

incidence rate (Davies ef al., 2000b).

The complexity of CL epidemiology in the New World perhaps reaches its highest level
in the Andes, where, until now, seven species of parasites, 13 confirmed Lutzomyia
species as proven vectors (many of which are endemic) and around 24 species of

infected mammals (possible reservoirs) have been identified (Table 1.1).

It seems that Le. braziliensis is responsible for the greatest number of CL cases (49%)
and is the species with the widest distribution (isolated in 50 of 74 departments),
followed by Le. panamensis, 27% of reported cases (isolated in 27 departments) (Davies
et al., 2000b).

The forest, the habitat considered to be of highest risk for the transmission of CL 1s
highly diverse in the Andes and requires special attention. The limited information
available on this subject allows only a partial description of the types of habitat for
some of the vectors of CL. With few exceptions, where a floristic or structural-
physiognomic features description were reported (Alexander et al., 1995d; Valenta
1999), habitats and climatic conditions have been described roughly using the Holdridge
system for classification of life zones. This system is based on three indicators:
biotemperature (temperatures above freezing), mean annual rainfall and the potential
evapotranspiration ratio, as determinants of climax vegetation. The broadly defined life
zones are further divided into associations on the basis of local environmental
conditions. Holdridge life zones have been described for transmission foci within the
Andean region in the following localities (see Figure 1.1) divided according to

altitudinal ranges:

a) Foothills region (400 - 1000 m a.s.l.). In Landazuri, Colombia (vectors: L. trapidoi

and L. gomezi), and Alto Beni, Bolivia (vectors: L. llanosmartinsi and L. yucumensis),

the habitat was tropical rain forest (Mufioz-Mantilla 1998) (Alcais et al., 1997).
Nevertheless differences could be expected between these forests because the Bolivian

forest is a transition to the Amazon rain forest, while the Colombian forest belongs to

transition to the lowland forest of the mid Magdalena valley. In Arboledas, Colombia
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Table 1.1 Confirmed parasites, vectors and Leishmania infections in non-human

mammals for cutaneous leishmaniasis in the Andes (Taken from Davies ef al.,
2000). Vectors which were not likely to be present in the Andean region, > 400 m
a.s.l. in the Andes, were excluded.

Parasite

Leishmania species

Le. amazonensis

Le. braziliensis

Le. colombiensis

Le. mexicana

Le. panamensis

Le. peruviana

Le. venezuelensis

Le. braziliensis or
Le. panamensis

Le. peruviana or
Le. guyanensis

Distribution

within
region

B,C,E,P,V

B,C,E,P,V

C,E,V

C.E

Vector Infected mammal
Distribution
within Country
Lutzomyia species region® Species isolation"
L. nuneztovari B,C,P,V  Akodon sp. (Rodentia) B
Conepatus chinga rex (Carnivora) B
Oligoryzomys sp. (Rodentia) B
Potos flavus (Carnivora) E
Sciuris vulgaris (Rodentia) B
Tamandua tetradactyla (Edentata) E
L. carrerai B,C,E,P,V  Canis familiaris (Carnivora) C,p,V
L. gomezi C,E,P,V  Cerdocyon thous (Carnivora) Vv
L. llanosmartinsi B,P Co. chinga rex B
L. ovallesi CV Equus asinus (Perissodactyla) C,V
L. spinicrassa C,V Oryzomys concolor (Rodentia) Vv
L. yucumensis B,P Rattus rattus (Rodentia) E

Zygodontomys microtynus (Rodentia) V

L. hartmanni C,E C. familiaris v
Choloepus hoffmani (Edentata) C
L. ayacuchensis E,P C. familiaris E
L. ovallesi
L. panamensis CV C. familiaris E.C
L. trapidoi C,E Bradypus griseus (Edentata) C
Ch. hoffmani C
Heteromys dermarestianus (Rodentia) C
L. ayacuchensis C. Jamiliaris P
L. peruensis P Didelphis albiventris (Marsupiala) P
L. verrucarum P,V Phyllotis andinum (Rodentia) P
Felix domesticus (Carnivora) Vv
Melanomys caliginosus (Rodentia) C
D. marsupialis C
Microyzomys minutus (Rodentia) C
Mocoereus demerarae (Marsupiala) C
R. rattus C
Sylvilagus braziliensis (Lagomorpha) C
Akodon sp. (Rodentia) P

N
* B: Bolivia, C: Colombia, E: Ecuador, P: Peru, V: Venezuela.
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(vector: L. spinicrassa), the forest was classified as very humid subtropical forest
(Alexander et al., 1992).

b) Sub-Andean region (1000 - 2000 m a.s.l.). In Dagua and Samaniego, in Colombia
(suspected vector: L. columbiana), the reported habitats were tropical dry forest and low
montane dry forest, respectively (Montoya et al., 1990; Montoya-Lerma et al., 1999). In
Cajuata, 1n Las Yungas, Bolivia (vector: L. nuneztovari), the forest was reported as

deciduous forest with some xerophytic elements (Martinez et al., 1999).

c¢) Andean region ( > 2000 m a.s.L.). In both, Paute, Ecuador (vector: L. ayacuchensis),
and Purisima valley, Peru (vector: L. peruensis and L. verrucarum), the main habitat

was described roughly as xerophytic vegetation (low shrubs, agaves and cacti)
(Hashigushi et al., 1990) (Villaseca et al., 1993).

In Venezuela, using data on the country-wide distribution of sandfly vectors of the
verrucarum group, the main habitats for each species were identified, according to a
modification of the Holdridge life zones (Feliciangeli et al., 1992). L. spinicrassa
(distributed in the foothill region) and L. youngi (distributed in the foothills and the sub-
Andean regions) were found in lower montane moist forest and premontane moist

forest, as well as in montane dry forest. L. ovallesi was present in seven life zones (from

tropical moist forest to Jower montane dry forest).

Hence, there is a wide variety of habitats in the Andes where transmission may occur.
Some vector species are adapted to few habitats (i.e. endemic species like
L. columbiana) while others have adapted to a wide variety of habitats (i.e. generalistic
species like L. ovallesi). In many of the studies carried out in the sub-Andean region the
coffee crop is mentioned as a habitat associated with sandfly vectors. In addition, 1t
seems that transmission indoors is also very important with many proven or suspected
vectors apparently endophagic, e.g. L. youngi in Venezuela (Scorza et al., 1984),
L. spinicrassa (Alexander et al., 1992) and L. columbiana (Montoya-Lerma et al., 1999)

in Colombia, L. ayacuchensis in Ecuador (Hashigushi et al., 1990), and L. peruensis and

L. verrucarum in Peru (Llanos-Cuentas and Davijes 1991).
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12 CUTANEOUS LEISHMANIASIS IN COLOMBIA AND HUILA
DEPARTMENT

The study of the different transmission cycles of CL in Colombia started during the
1980s when the obligatory reporting of cases established by the MOH showed that the
disease had an important impact in the population and the "Program for the Control and
Surveillance of CL" was established. The known main foci of CL began to be
investigated with the aims of identifying the vectors, parasites and reservoirs involved
in transmission and the risk factors for the disease in order to use this knowledge in the
implementation of control programmes to be applied to other foci of the disease. Until
now only a low proportion, (3 / 13) of the main foci (from a total of 78 foci) of CL
detected in the 1980s (Corredor et al., 1986) have been investigated in any detail:
Tumaco (Weigle et al., 1993; Travi et al., 1988), Landazuri (Mufioz-Mantilla 1998),
Arboledas (Alexander et al., 1992); though some other foci have been studied
superficially: including Montebello (Velez et al., 1991), San Roque (Velez et al., 1987),
Dagua (Montoya et al.,, 1990), La Guaira (Alexander et al., 1995d), Samaniego
(Montoya-Lerma et al., 1999), Villeta (Pardo et al., 1996).

One of the most significant recent outbreaks of CL in Colombia was in the coffee
growing Andean department of Huila from 1993 to 1996. Following a series of small
scale pilot studies by INS (described later), this PhD was designed to investigate this

focus in detail in order to help with the development of a control strategy in the case of

future outbreaks in this region.

Colombia is the third country, after Brazil and Indonesia, in the list of the twelve so-
called "megadiversity" countries (Sarukhan and Dirzo 2001), where 70% of the earth's
biological diversity is found. The ecological diversity is reflected in the complexity of
transmission cycles of CL within Colombia. Table 1.2 lists our current knowledge on
sandfly vectors and parasites. Basic references for sandfly and parasites distribution
were Young & Duncan (1994) and Corredor et al. (1990), respectively. Species
distribution was organized according to the classification in Natural Region;s (IGAC
Instituto Geografico Agustin Codazzi 1998) (Figure 1.2) and the altitudinal division of
the Andes (Section 1.1). Six species of Leishmaniq parasites and sixteen sandfly vectors

(four proven, SEven SUSPCCth species and five which are proven vectors In other

countries) have been identified. About twelve mammals are suspected reservoirs
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Chapter 1 Introduction
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Fuenlo: IGAC. Atlas do Colombia, 1999

Figure 1.2 Natural Regions of Colombia: (1) LLanura del Caribe; (2) Region del
Pacifico; (3) Region Andina; (4) Region de la Orinoquia; and (5) Region de la
Amazonia. Each region is divided in sub-regions, 51 in total, shown in different
colours. Map source: Atlas de Colombia Ver. 1.0, Instituto Geografico Agustin

Codazi, Bogota, 1998.
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(Corredor et al.,, 1990; Alexander et al, 1998). The most common parasites are
Le. braziliensis and Le. panamensis which are found in most of the country. Others are

confined to some regions, such as Le. guyanensis in the Region Amazonica and

Le. columbiensis in the Region Andina.

“Relatively accurate” records of CL incidence, in Colombia, have only been available
since 1980, when the MOH made leishmaniasis a reportable disease. Reports of cases
before 1980 totalled 1,865 (for the period 1872 - 1979), undoubtedly a tiny proportion
of the actual number of cases (Werner and Barreto 1981). From the period 1981 to
2004, 111,302 apparently new cases of CL were reported in Colombia (Figure 1.3),
representing 95% of all cases of leishmaniasis. During the first decade of this period,
there was an increase 1n incidence, probably due to the implementation of the program.
Peak rates were reported 1n 2003 and 2004, with around 90 cases per 100,000 per year
(compared to a median of 59/100,000 during the 90s.

The disease is distributed in a wide altitudinal range, from O ma.s.l. to 1750 m a.s.l.
(Cepeda 1997) and it is endemic in probably all departments, except Atlantico, Quindio
and San Andres. The highest number of cases is in the Region Andina (Table 1.3), the
most populated, with 72.5% of the 52,033 cases reported during the period 1993 to
2002.

Amongst the reported cases, the most affected part of the population is adult males
(from 15 to 44 years old). Occupational risks are related to entering forested areas:
agriculture workers, colonisers, hunters, miners and soldiers (Ministerio de Salud de
Colombia 1994). This information must be considered with caution since there is the
potential for bias amongst those that are not reported (Velez et al., 1997). It is also
dangerous to generalize as the national data set reflects different transmission cycles and
equally different habitats (e.g. Pacific rain forest, sub-Andean forest and Amazon rain
forest). Studies of active surveillance of cases and determination of infection by
leishmanin skin tests in specific transmission areas have demonstrated the degree of
variation in risk factors that can be found. In a study carried out in the tropical rain
forest of Choco, where L. trapidoi and L. gomezi (exophilic species) are the presumed
vectors of Le. panamensis, 1t was shown that the most important risk factors are

behavioural and micro-environmental: entering a forested area during the night, for
10
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Figure 1.3 Annual incidence of cutaneous leishmaniasis in Colombia during the
period 1981 - 2004, based on the reports from Programa de Enfermedades
Transmitidas por Vectores, Ministry of Health (MOH).

hunting and lumbering (Weigle er al, 1993). In contrast, in the sub-Andean
mountainous area of Antioquia department, epidemiological surveys failed to show any
difference in infection rate between men and women, or with age (Velez ef al., 1997). In

these cases the suspected vectors could be endophagic.

Prior to this project, no analysis of risk factors had been carried out in Huila department.

Huila Department 1s located 1in the south of Colombia, including an area of 19,890 km?,
representing 1.74% of the country. The population of Huila is ca. 768,113 inhabitants
(39.5% in rural area) (Census DANE 1993), concentrated mostly (99.3%) below 2000

m a.s.l. . The department 1s formed by the Colombian massif located where the
Cordilleras Central and Oriental fork, the internal slopes of these cordilleras and the
upper valley of the Magdalena River (Figure 1.4). The Cordillera Central has the
highest altitude, up to 5600 m a.s.l. . This range is formed by volcanic material with
very steep slopes. The Cordillera Oriental is lower, with an average altitude of 2500 m
a.s.l. in the South and 3500 m a.s.l. in the North. It is formed by sedimentary material.

The Magdalena river valley corresponds to a low plain around the river, with altitudes

11
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Table 1.3 Cutaneous leishmaniasis incidence in Colombia by Natural Regions

during the last decade (1993 - 2002), based on records held by the Ministry of
Health, MOH.

Total cases Average annual
per 10 years Population at risk incidence No.cases Incidence
Department 1993-2002 rural X 100000 2002 2002
Regién de la Amazonia
Guaviare 889 20741 428.6 157 757.0
Caqueta 2593 154781 167.5 181 116.9
Amazonas 177 13632 129.8 3 22.0
Guainia 64 6204 103.2 2 32.2
Putumayo 917 125972 72.8 165 131.0
Vaupés 56 7868 71.2 7 89.0
Subtotal 4696 329198 142.6 515 156.4
Regién del Pacifico
Chocd 2057 171776 119.7 82 47.7
Regién Andina
Norte Santander 8271 282316 293.0 262 G2.8
Risaralda 1354 132454 102.2 352 265.8
Santander 4819 492220 97.9 352 71.5
Antioquia 10569 1137248 92.9 1645 144.6
Caldas 2801 301929 92.8 174 57.6
Huila 1833 289485 63.3 18 6.2
Tolima 1806 427134 42.3 158 37.0
Cundinamarca 2629 751820 35.0 304 40.4
Valle 1039 466157 22.3 181 38.8
Narifio® 1495 695512 21.5 152 21.9
Boyaca 854 668445 12.8 301 45.0
Cauca 264 602198 4.4 3 0.5
Quindio 4 63848 0.6 0 0.0
et E———————————
Subtotal 37738 6310766 59.8 3902 61.8

Regién de la Orinoquia
Meta 1007 168398 59.8 105 62.4
Vichada 117 26060 449 11 42.2
Arauca 210 49102 42.8 11 22.4
Casanare 120 60625 19.8 11 18.1

subtotal 1454 304185 47 8 138 45.4
Reglon del Caribe
Sucre 1435 199422 72.0 46 23.1
Bolivar 1910 411428 46.4 154 37.4
Cesar 908 224494 40.4 56 24.9
Cérdoba 1320 498422 26.5 180 36.1
Magdalena 389 303919 12.8 13 4.3
Guajira 117 118078 9.9 2 1.7
Atlantico 9 101810 0.9 1 1.0

Subtotal 6088 1857573 32.8 452 24.3

Total 52033 8973498 58 0 5089 56.7

* Half of this department belong to Region del Pacifico, but most cas the Region
. ' es of CL seem to come from the Reg
Andina. Cases without specified department: 793 for the all ten years period.

12
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Figure 1.4 Topographic map of Huila department in southwest Colombia,
including the endemic area for cutaneous leishmaniasis and the area where a

recent outbreak took place. Map source: Huila, Caracteristicas geogrificas, IGAC,
Santafe de Bogota, 1995.

below 800 m a.s.l. (IGAC Instituto Geografico Agustin Codazzi 1995).

Politically, Huila department 1s divided into 37 municipalities (Figure 1.5) all, except 2
(Villavieja and Yaguara, located on the Magdalena Valley) including at least part of the

Andean mountainous area. The economy of Huila depends mainly on petroleum

production (in the valley) and agriculture. The main agricultural products are rice (in the

valley) and coffee plantations (in the Cordilleras area). Other crops are plantain, corn,

cacao, cane, cotton and tobacco.

13



Chapter 1 Introduction

'F. -

00

e | 5 iRty =

aw

. :
| | i 1 ! - -
hl..-‘.,_".L" 1:‘ " N 4 . ' ...I .‘.- ':'ﬁ ‘I
B SN, R R et .
rw I'."' ' i": I' k| - 1 '-r-i"'t'{-"- i rl—‘.-"r‘- -
s T AR e EL j i T a o L
B e e Ty e R . TR R LA
.‘ . :

Sy it LW

OLOMBIA
MASSIF

'._" %

Cauca
department e
O

L Ak e Fuente: IGAC, 1995

Figure 1.5 Political map of Huila department in southwest Colombia. Map source:
Huila, Caracteristicas geograficas, IGAC, Santafe de Bogota, 1995.

The large variation in altitude in the Cordilleras, allows a wide heterogeneity In
climates, from hot (temperatures > 24°C) to "Nival" (temperatures < 0°C) which are
distributed vertically, as is common in the rest of the Colombian Andes. Generally the
zones with less rainfall are those with the highest and the lowest altitude, while the
middle part of the ranges has the highest values (1,500 — 2.500 mm). The area of lowest
rainfall in the department is located in the North-East in the Cabrera river valley, where
values of less than 1,000 mm are recorded (Figure 1.6). The annual rainfall has a
bimodal distribution, even though there are regional variations. In general the highest

rainfall is found between March and April and the lowest between January and

14
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Figure 1.6 Spatial and temporal distribution of rainfall and temperature of Huila
department in southwest Colombia. Map source: Huila, Caracteristicas
geograficas, IGAC, Santafe de Bogota, 1995,

February, and from August to September. There are no big spatial variations in average

monthly temperature, except due to altitude with an approximate decrease of 0.5 to
0.6°C for every increase in 100 m (PROCAM-INDERENA 1984). Seasonally,
temperature peaks in two periods (February - March and August - September).

CL was apparently described for the first time in Huila by N. Tellez in 1890 who

reported cases from (Garzon and Gigante (see Figure 1.5). In 1929 J. del C. Rodriguez in

1S
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his study "Contribucién al estudio de la leishmaniasis en Colombia" mentioned several
cases from the same two municipalities. Later, in 1949 M. J. Puello reported two cases
from Pitalito municipality. In the 1960s A. Giraldo and A. Limpias recorded 247 cases
from Baraya, Neiva, and Tello municipalities (corresponding to the period 1963 - 1967).

In the 70s Restrepo et al. described two cases and the SSDH reported another two cases
from Baraya and Gigante (Campos et al., 1985).

It seems that at least three epidemics, including the last one (1993 - 1996), which was
the motivation for this project, have occurred during the last century in Huila
department. According to information collected (during the last epidemic) from
inhabitants of the rural area of Baraya municipality, there was an epidemic of "PIAN" in
La Troja village in 1936. It was mentioned that three people died as a result of ulcers
which destroyed their noses (Ruiz 1995). It was also mentioned by the inhabitants of the
same area that there was another epidemic of the same disease between the years 1965
to 1968 where the patients were treated with "glucantime" and with "penicillin". The
last information agrees with a reported epidemic of CL recorded in Vegalarga village
(Neiva municipality) in 1966 (Osorno Mesa et al.,, 1967) and with the previously
mentioned high number (247 cases) of cases that A. Giraldo and A. Limpias(Campos et
al., 1985) recorded from 1963 to 1967. Although the magnitude of the two epidemics
before 1980 is unknown, it is interesting (though maybe coincidental) to note that the
last three epidemics seem to occur at 30 year intervals (1936, 1965 and 1993).

The most common clinical form of leishmaniasis in Huila department is CL with 2,108
cases (ca. 90% of all cases of leishmaniasis) reported by the Huila Health Service
(SSDH) during the period 1982 to 2004 (Figure 1.7). Around 6% of the reported cases
are MCL and 4% are VL. Durning the first years after obligatory notification was
established (1982 — 1985) there was low reporting of CL cases, probably because of

problems with the implementation of the programme.

During the last epidemic, which lasted for 4 years, the incidence reached a peak of 275
per 100,000 in 1994, when 426 cases were reported. Following a period of low
transmission, rates gradually increased after 2000 reaching 115 cases/100,000 in 2004.
Although CL has been reported in around half (46%) of the 37 municipalities in the

department, their distribution is highly aggregated by municipality and even by village
16
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Figure 1.7 Incidence of cutaneous leishmaniasis in Huila department during the
period 1982 - 2004, based on records from Secretaria de Salud Departamental del
Huila, SSDH. Total cases = 2,108. Denominator for incidence was the average

rural population (census 1985 and 1993) of 19 municipalities that reported cases
during the study period.

(rural district) within each municipality. Based on the records 1982 - 1995, which were
available at this level, the highest incidence of CL was reported in the contiguous
municipalities of Baraya, Tello, Neiva and Rivera, in the sub-Andean region of the
Cordillera Oriental (Figuresl.4 and 1.8). This aggregation is due mainly to the last
epidemic presented from 1993 to 1996 (Figure 1.7) which was largely limited to these

four municipalities.

Nevertheless, there 1s evidence that these municipalities actually have had foci of CL for
a long time. Analysis of the SSDH records of CL cases before the epidemic (1982 -
1992) confirms that two of the municipalities, Rivera and Neiva, contributed the
majority (67% and 16%, respectively) of CL cases. It is important to note that, although
small in number, there was an unusual report of cases (20 cases) in Algeciras
municipality from 1999 to 2000. This municipality shares boundaries with Rivera in the

south of the epidemic area and had a history of only one case of CL since 1981 (Figure

1.4).

17
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Figure 1.8 Incidence of cutaneous leishmaniasis in Huila department in positive
municipalities (21/37), during the period 1982 - 1995, based on records from
Secretaria de Salud Departamental del Huila, SSDH. Total cases = 1,201.

There is also notable aggregation of cases amongst villages. Less than 20% of the
villages (1 to 6 villages) in each of the four epidemic municipalities contributed from
61.4% (86 of 140 reported cases in Rivera) to 70.6% (84 of 119 cases in Baraya) of the
reported cases (Figure 1.9). Prior to this project there had been no attempt to address the
cause of this aggregation. Previous descriptions of the foci area were limited to
anecdotal observations that most cases were reported from the coffee plantations located
at around 1500 m a.s.l. (Ruiz 1995; Bahamon 1995). But. this is insufficient to explain

the aggregation of cases as most municipalities in Huila share this feature.

With respect to infection, little 1s known and there has been only one epidemiological
survey carried out within the epidemic area. It detected, using the leishmanin skin test, a
cumulative prevalence (based on 712 people) which ranged from 22% to 38% In six
villages of two epidemic municipalities (Baraya and Tello) (S. Nicholls and C. Alvarez,

personal communication).

The transmission cycle of CL in Huila department has been poorly studied. To date, two

Leishmania species have been 1dentified as causing CL in Huila: Le. braziliensis and

18
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Figure 1.9 Percentage of new cases of cutaneous leishmaniasis reported in the four
municipalities with the highest annual incidence of the disease, based on records

from Secretaria de Salud Departamental del Huila, SSDH (1982 - 1995). n = Total
number of cases per municipality,
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Le. panamensis; the former within the epidemic area and the latter in the Cordillera

Central, where few cases have been reported (Nicholls et al., 1997; Corredor et al.,
1990).

Prior to 1997, the year when the Laboratorio de Entomologia of the Instituto Nacional
de Salud (INS) of Colombia began their studies in Huila, very little was known about
CL vectors in this Department. The only significant information was the record of a new
species L. longiflocosa Osorno-Mesa, Morales, Osorno & Hoyos 1970 (described also
by studies of INS), an apparently highly anthropophilic species, collected in
mountainous area of the municipalities of Tello (within the epidemic area for CL in

Huila) and Rovira (in the neighbouring department of Tolima) (Young and Duncan
1994).

L. longiflocosa belongs to verrucarum group, which is of high medical importance. This
group is formed by 40 species, half of them present in Colombia, and many of which are
proven or suspected vectors of CL (Bejarano et al., 2003a). The verrucarum group is
common in mountainous areas of the Andes and Central America in degraded forest
habitats (including shaded plantations such as coffee). Recent studies (prior to this PhD)
by INS found that L. longiflocosa comprised 98% of 6,119 sandflies collected in
Shannon traps, CDC traps, by human bait, and on tree trunks in the mountainous area of

Baraya (La Troja village) and Tello (Roblal village) municipalities (Ferro et al., 1998a).

Laboratory studies by the INS have demonstrated the vectorial competence of
L. longiflocosa for Le. braziliensis as follows: Infection with Le. braziliensis, was
achieved in 17.9% (34 / 50) to 52.9% (54 / 102) female L. longiflocosa, membrane fed
on a promastigote suspension; a hamster that was bitten by females infected with
Le. braziliensis gave a positive parasitological result by direct examination (Santamaria
et al., 1998). However, natural infections of L. longiflocosa have not yet been found. No
parasites were found in 1,797 dissected wild females (Ferro et al., 1998a). These results
identify L. longiflocosa as a suspected vector, but further studies are required for full
incrimination. If (as expected) its vectorial role is confirmed, information on 1ts
behaviour and ecology will be needed in order to design a disease control strategy. The

only other species reported in Huila (prior to this PhD) which may be a suspected vector

of CL is L. nuneztovari (Ortiz) 1954, which comprised 1.1 % of the 6,119 sandflies
20
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collected in the study carried out in Baraya and Tello (Ferro ef al, 1998a).
L. nuneztovari is the suspected vector for CL (Le. braziliensis) in the Yungas, Bolivia,
in coffee plantations (1000 - 2000 m a.s.l.) where it is abundant and anthropophilic (Le
Pont et al., 1989a) and has been found naturally infected with parasites belonging to the
braziliensis complex (Torres et al., 1998). This species is also the proven vector of

Le. amazonensis in Cajuata, also in Bolivia (Martinez et al., 1999).

During the last outbreak a serological study carried out on dogs, from seven villages in
Tello and four in Neiva, provided positive results for Leishmania in 3.3% of 800
sampled dogs (Huila Health Service 1993). However, no parasitological or molecular
diagnosis of Leishmania species has yet been carried out on dogs, and no other wild

mammals have been sampled.

The last epidemic of CL (1993 -1996) in Huila included 1,232 cases (Figurel.7)
distributed among Neiva, Baraya and Tello municipalities. The epidemic caused Huila
to be classified as the department with the highest risk for CL in Colombia in 1994
(Cepeda 1997).

The cause of the last epidemic in Huila department is believed by the local health
service to be due to the disease being imported by soldiers and guerrillas. These people
move frequently between Huila and Caquetd departments. The latter is where the
disease is thought to have originated (Bahamon 1995). A review of the CL records from
SSDH (1982 - 1995 and 2000 - 2002) showed that 6.2% (119 / 1,908) of the total cases
of CL recorded originated from other departments, mainly from Caqueta (56 cases),
Putumayo (18 cases) and Meta (13 cases) and that, in addition to soldiers and guerrillas,
peasants made an important contribution to the imported cases (28 cases) of the disease.
It is important to remember that Caquetd had the second highest incidence of CL in the
country (Table 1.3). According to the records of CL held by the MOH, by the time of
the epidemic in Huila, the neighbouring departments of Caquetd and Putumayo also
presented epidemics, 1995 to 1999 and 1995 to 1996, respectively. This hypothesis that
epidemics could originate from persons infected with the disease is supported by a study

that showed that sandflies can be infected by Le. braziliensis when they feed on active

lesions of patients (Montoya-Lerma et al., 1998). Other factors that could have caused
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the epidemic include an increase in the population of the vector species, an increase in

natural infection levels, or closer human-vector contact.

Very little 1s known about the risk factors of CL in Huila, and only demographic (age
and sex) data are available in relation to the cases recorded by SSDH from 1982 to 1995
(Table 1.4). Overall, the sex ratio of cases was strongly male biased
(males : females = 1.7 : 1), but this bias was only apparent amongst cases more than 10
years of age. Amongst children equal or less than 10 years of age the sex ratio was only
1.3 : 1. The median age for both males and females cases was 20 years, with 31.7% of
females cases and 24.0% of males cases equal or less than 10 years old (suggesting
significant domestic transmission). In order to calculate the relative risk in each age
group, the demographic break down of the population at risk is required (but is not
available). However, even without these data, the relatively high number of cases
amongst males between 11 to 30 years suggests a potential high risk for this group. Of
course, SSDH data may be strongly biased and unrepresentative of the relation between
age or gender and infection rate. Finally, some evidence for domestic transmission came
from a study of knowledge, attitude and practice (KAPs) of the population within the
epidemic area. A positive association was observed between the presence of cutaneous
lesions and the presence of both electricity services in the house, and the presence of
hens or pigs within the peridomicile (Nicholls et al., 1998). The inhabitants reported
that sandfly activity occurs during the night indoors as well as in the forest and cofiee

Crops.

It seems that there is a seasonal risk factor for CL in Huila, at least during epidemic
times. This is based on a graphical analysis of the CL cases (recorded by the Hospital
Local de Baraya "Tulia Duran de Borrero") from nine villages in Baraya municipality
(the only municipality where detailed and organized recording of cases, as well as active
surveillance for cases were carried out) which were involved in the last epidemic. The
epidemic in Baraya lasted two years (1994 - 1995), including 113 cases from a
population of 1,972. Figure 1.10 shows the number of CL cases grouped by month,
according to the date when the clinical symptoms were first perceived by the patients,
plus rainfall data from the nearest climatic station (Santo Domingo, 3° 14' N, 74° 57' W,
1300 m a.s.l.) to the main epidemic village (La Troja, 3°11' N, 74° 57" W, 1680 m

a.s.l.), during the same period of time, are also shown. All three main peaks of cases
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Table 1.4 Cutaneous leishmaniasis cases in Huila department by age and gender,
based on records from Secretaria de Salud Departamental del Huila, SSDH (1982 -
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1995).
Female Male Total
Age group No. cases % NoO. cases % NoO. cases %
<5 37 8.4 73 9.6 110 0.2
5-10 102 23.3 110 14 .4 212 1 E.F
11 -20 88 20.1 202 26.5 290 24.2
21 -30 55 12.6 137 18.0 192 16.0
31-40 61 14.0 96 12.6 157 13.1
41 - 50 35 8.0 52 6.8 87
51 - 60 33 7.6 45 5.9 78 6.5
61-70 12 2.7 32 4.2 44 3.7
> 70 14 3.2 15 2.0 29 2.4
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Figure 1.10 Seasonality of the epidemic peaks of CL (total cases = 113) in 9 villages

(1972 inhabitants) of Baraya municipality (1994 - 1995). Cases were grouped

according to the date when clinical symptoms began. Case records are from

Hospital Local de Baraya "Tulia Duran de Borrero". Rainfall data are from Santo
Domingo climatic station, IDEAM, Colombia,
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occurred either at the beginning of the dry season or the end of the rainy season. Time
series analyses found a significant correlation between monthly cases and rainfall in the
previous month (r* = 0.45, p = 0.001). Confirmation that one month lag is the best fit for
an association is shown in Figure 1.11, showing the »* value for lags of 0 to 9 months.
Some householders are aware of an association between low rainfall and CL (Nicholls
et al., 1998) with 62.1% (77 / 124) of the householders that recognized CL was
seasonal reporting that CL was most common in the dry seasons. Preliminary results of
an ongoing study on sandfly seasonal abundance also supports the hypothesis that

sandflies are most abundant during the dry seasons (A. Carvajal, personal

communication).

1.3 RISK OF CL IN COFFEE PLANTATIONS

An apparent association between coffee plantations and CL in Colombia (as was
explained before) has been reported, as in other areas of Latin-America, including
Mexico (Sanchez-Tejada et al., 2001), Venezuela (Scorza and Rojas 1988; Feliciangelt
et al., 1992); Ecuador (Le Pont et al., 1994; Mouchet ef al., 1994), Bolivia (Le Pont et
al., 1989b; Le Pont ef al., 1989a); and Brazil (Alexander et al., 2002). However, few
attempts have been made to test for this association either directly, by relating coffee
plantations and disease incidence (Scorza and Rojas 1988), or indirectly, by relating
coffee plantations with sandfly vector abundance (Alexander et al., 2001). Coftee
plantations and most of the CL vectors of the mountainous area certainly overlap in
their distribution, apparently sharing similar ecological conditions (e.g. altitude from
1000 - 2000 m .a.s.l.; temperatures between 18°C - 22.5°C). But this could be the result

of a non-causal relationship between sandfly abundance and coffee growing.

Sandflies can acquire sugar meals from parts (beans and leaves) of coffee plants. Field
bioassays where wild females of L. youngi (referred to as L. townsendi) were exposed to
contact with ripe coffee beans showed that this species can survive for 12 days
compared with only 8 days for sugar-fed females and 2 days for control (water fed only)
(Scorza et al., 1985). Bioassays in the laboratory with wild sugar-deprived L. youngi,
which were exposed to coffee plants, amongst others, showed that females took sugar

meals from coffee presumably by perforating the leaves (Alexander and Usma 1994).
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Figure 1.11 Cross-correlation between monthly rainfall and CL cases in Baraya
Municipality. Lags from 0 to 9 months. Note that lag 1 gives the highest r

A causal association between coffee plantations and CL could occur if either: (1) coffee
plantations favoured the presence and abundance of some of the components of the
transmission cycle, such as sandfly vectors, reservoirs or parasites; and/or (2) some
activities in coffee cultivation (e.g. harvesting and clearing) will increase human-vector

contact.

According to the system of cultivation, coffee plantations can be classified from
traditional (botanically and structurally diverse) to the least diverse and most intensive
and modern plantations (Moguel and Toledo 1999). To assess the suitability of cottee
plantations for harbouring sandfly vectors and favouring CL transmission, due to
limitations of information, this thesis will consider only the two types of coftee

plantations, representing the extreme microenvironmental conditions:

a) Traditional plantations (mainly Coffeea arabica of varieties "borbon" and "tipica”, 1n
Colombia), which are relatively similar to a secondary forest where the shrub layer and
small trees are cleared and replaced by coffee plants and where most big trees are kept
or replaced by fruit or legume trees to provide shade for the plantations. This type of
plantation "preserves"” the basic structure of the sub-Andean forest (mainly secondary or
highly degraded primary forest), oftering a large variety of microhabitats for harbouring
sandflies, and a large variety of plants and animals. In this forested habitat, sandflies can
find all the conditions for survival (Alexander er ¢/ . 1992). including: adequate soil

(rich in organic materials, with relatively stable conditions of temperature and humidity)
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for breeding, resting and mating sites for adults (litter, tree trunks, buttress roots, and
mammal burrows), and a variety of small mammals and humans (whose houses are

generally close to or within the plantation) which could provide enough food.

b) Intensive plantations (C. arabica of varieties "caturra" and "Colombia", in
Colombia), known also as modern or sun plantations (Perfecto et al., 1996), where the
coffee grows under direct sunlight, in higher densities. This plantation would appear to
present less suitable conditions for most sandflies of the sub-Andean forest because of
the loss of forest features, particularly tree strata. In this habitat the alteration of
microclimatic conditions (including extreme variations in temperature and humidity of
the air and soil); the change in the soil (drier and less rich in organic materials) and litter
(formed exclusively by coffee debris) features; the reduction in mammal fauna and a

direct exposure to wind, amongst other, are notable.

Hence, traditional coffee plantations may present the best conditions for sandfly
population and for CL transmission simply because this plantation is a "type of
secondary forest" of the sub-Andean region, which is apparently the main habitat for
sandfly vectors. To demonstrate that traditional coffee is a particular “attractive” habitat
for sandflies vectors, it is necessary to compare sandflies from traditional coffee
plantations with neighbouring forest habitats. The only previous study which made this
comparison (Warburg et al., 1991) compared the sandfly fauna of two (presumably
traditional) coffee plantations in leishmaniasis localities located at 1150 m a.s.l. and
1450 m a.s.l. with bushes and forested areas, respectively, located at similar altitudes.
The results showed that the higher altitude coffee plantation presented a higher
abundance of sandfly vectors compared with the forest, but at lower altitudes there was
no apparent difference in either sandfly abundance or species composition between the

coffee plantation and the bushes.

Evidence that sandfly abundance in traditional coffee plantations is significantly higher
than in intensive plantations was given in a recent study where the two types of coffee
plantations were compared, by simultaneous sampling, in two regions of Colombia
(Alexander et al., 2001). In addition, a comparison of habitats, based on species

composition by UPGMA analysts, showed that sandfly fauna of the intensive
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plantations were more similar to the fauna of traditional coffee plantations in the same
area than to the fauna of other intensive plantations. This suggests that the population of

sandflies collected in intensive plantations were temporary visitors from the

neighbouring traditional coffee plantations.

In 2000 Colombia was the world's third biggest coffee producer. During that year
Colombia produced 701,263 tons of coffee which corresponded to an area of 1,083,429
ha (DANE-Proyecto SISAC 2000). Coffee provides 37% of Colombian's agricultural
employment, involving 3.3 million people on 566,000 farms in 590 municipalities
(Anon 1999). Ninity one percent of the coffee plantations are located within the Natural
Region called Region Andina. Most coffee plantations (80.2% by area) are located from
1000 to 1800 m a.s.l. (IGAC Instituto Geografico Agustin Codazzi 1998). Intensive (as
opposed to traditional) plantations cover 60% of the coffee area and contributed 80% of

the total coffee production.

To explore the possible association between coffee plantations and CL, univariate
comparisons of area (ha) or production (ton) of the two types of coffee plantation versus
annual average incidence of CL were carried out. Comparison was by Natural Regions
(to take into account the different cycles of transmission which may have occurred) and
at departmental level. Coffee data corresponded to the period 1987 - 1992 (IGAC
Instituto Geografico Agustin Codazzi 1998) and epidemiological data to the period
1990 - 1992 from the MOH, using as denominator the total rural population. It was not

possible to obtain data for the same period of time for both variables.

Figure 1.12 shows the comparison of coffee area and CL incidence in the five Natural
Regions of Colombia. Its seems clear that the Region Andina, where most of coffee area
(1,091,158 ha, 94.1%), is located, has one of the lower incidences (53.8 per 100,000),
while the highest incidences correspond to the Region del Pacifico (236.7 per 100,000)
followed by Region de la Amazonia (88.6 per 100,000), where the area of coffee
plantations is tiny (500 ha, 0.04%; and 5,642 ha, 0.5%, respectively). A similar situation
applies to coffee production. Therefore, at regional level, there is no evidence of a

positive association between coffee area or production and annual average incidence of
CL.
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Figure 1.12 Annual average incidence of cutaneous leishmaniasis (records from
MOH, 1990 - 1992) and land (ha) covered by coffee in Colombia, 1987 - 1992

(IGAC Instituto Geografico Agustin Codazzi 1998), by Natural Regions.

By department it seems that also there is no association between coffee area and CL
incidence (Table 1.5). Amongst the departments with high total area of coffee there
were only two with relative high annual average incidence: Risaralda (incidence: 100.4
per 100,000) and Norte de Santander (124.2 / 100,000); but most of the other cotfee
growing departments have lower incidence: Antioquia (34.3 / 100,000), Tolima
(13.8 /100,000), Valle (14.0 / 100,000), Cundinamarca (7.2 / 100,000). An extreme
example is Quindio department which in spite of having a high area of coftee
plantations seems free of CL and apparently has a poor sandfly fauna (Alexander ef al..
2001). Analysis of weight of coffee produced and CL incidence gave a similar result.
Spearman's correlation failed to find associations between incidence of CL and total
coffee, traditional plantations and intensive plantations by area or production in the 24
departments which have coffee plantations. This does not means that coffee is not a risk
factor as: (1) the relative crude analyses were univariate and failed to account for other
important variables; (2) the different transmission cycles across Colombia may vary in
the relative importance of the role of coffee; and (3) the denominator (total rural
population) to calculate CL incidence was underestimated in some departments because

it is known that not all the rural population in 1 department could be at risk. A more

accurate denominator 1s the rural population of the municipalities at risk (€.g.
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Table 1.5 Coffee cover and production (1987 - 1992) and cutaneous leishmaniasis
incidence (1990 - 1992) by department. Records are sorted by total coffee cover.

Epidemiological data taken from records hold by MOH and coffee data from
IGAC, 1998.

Coffee cover (ha) Coffee production (ton)
Annual average
incidence
Intensive Intensive Rural of CL x 100,000
Department plantation Traditional  Total olantation  Traditional  Total CL cases population 1990-1992
Antioquia 124785 92266 177051 107564 22683 130247 2980 1137248 34.3
Tolima 84352 64821 149173 78278 25669 103947 621 427134 13.8
Valle 71891 47449 119341 63048 21114 84162 305 466157 14.0
Caldas 39721 28164 117886 90707 13885 104591 1654 301929 48.0
Cundinamarca 07594 37995 85550 49415 16185 65600 431 751820 7.2
Risaralda 59653 15902 75558 63351 6567 69918 798 132454 100.4
Cauca 39450 35397 74848 32663 103 42963 117 602198 2.5
Quindio 49249 19744 68994 50874 11747 62621 0 63848 0.0
Huila 41533 25326 66859 31523 5647 37170 47 289485 1.3
Santander 36556 22746 59303 34216 7870 42086 548 492220 23.8
Norte Santander 21881 26982 48863 18599 7527 26126 1613 282316 124.2
Cesar §776 15751 21527 3997 4568 8565 293 22449% 13.4
Narifio 15860 3045 18905 19037 870 19907 989 695512 114
Boyaca 9603 9226 18829 7000 2390 9390 80 668445 1.2
Meta 2848 13905 16754 1651 5047 6698 271 168398 30.1
Magdaiena 4089 12267 16357 3100 3251 6351 170 303919 5.8
Caqueta 855 4487 5342 550 1346 1896 435 154781 32.5
Guajira 1676 3221 4897 1456 1008 2464 90 118078 13.0
Casanare 102 2443 2545 64 408 472 6 60625 2.7
Chocd 273 227 500 209 46 255 1220 171776 776
Bolivar 5 445 450 2 60 62 515 411428 12.7
Putumayo 120 180 300 79 49 128 126 125972 11.6
Arauca 9 141 150 4 23 27 28 49102 10.9
Cérdoba 5 15 20 4 2 6 425 498422 9.6
Amazonas 0 0 0 0 0 0 74 13632 19.8
Guainia 0 0 0 0 0 0 18 6204 26.9
Guaviare 0 0 0 0 0 0 200 20741 157.5
Vaupés 0 0 0 0 0 0 22 7868 424
Atlantico 0 0 0 0 0 0 0 101810 0.0
Sucre 0 0 0 0 0 0 030 199422 54.3
Vichada 0 0 0 0 0 0 25 26060 7.7

municipalities that report at least one CL case each five years) in a department.

Unfortunately, this information was not available.

There are only two published attempts to relate quantitatively coffee plantations with
CL. In Venezuela, Scorza and Rojas (1988) compared the number of cases of CL
during the period 1975 - 1978 with coffee production and area covered by coffee
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plantations during the same period by state. The results showed that there was a highly
significant correlation between both coffee area (r = 0.69, p < 0.01) and production
(r =0.78, p <0.001) with CL cases. However, the study failed to adjust for variation in
the population at risk. In a cross-sectional study to detect CL risk factors in Llaucano
inter-Andean valley, Pert, Zorrilla et al. (2005) found that the presence of coffee
plantations (unspecified type) increased the risk of CL by 7.8 (C.I. 3.6 - 17.2). Although
the analysis was only univariate, the results indicate that the role of coffee can be

demonstrated at local level where there is less heterogeneity to confound the analysis.

One of the aims of this project was to investigate the role of coffee growing as a risk

factor for sandfly vectors at a relatively high resolution, i.e. within a single department;
Huila.

In 1996, Huila was the tenth most important (of 24) department for coffee production
with 37,170 tons of coffee (4.5% of the national production), in an area of 71,523 ha
(Federacién Nacional de Cafeteros de Colombia 1997). Intensive coffee (as opposed to
traditional) corresponds to 78% of area which contributes 84.8% of the departmental
production. Coffee is grown in the Andean area of Huila, which includes three
(Cordillera Oriental, Cordillera Central and Colombian Massif) of the four
morp;hological regions in which Huila is divided, including 35 of the 37 municipalities
in the department. No coffee is grown in the Magdalena valley region (Table 1.5). The
region with more area of coffee plantations is the Cordillera Oriental region where
50.4% of all coffee is grown. By altitude, 98.5% of the coffee area is located from 1000
to 2000 m a.s.l. . Municipalities with the largest area of coffee are Pitalito and Garzon,
both accounting for 20.1% of the coffee area of Huila and they are also two of the

biggest producers joined by Gigante.

The possible association between coffee plantations and CL was carried, in this case, at

municipality level by comparison of area (ha) with coffee and by each of the two types,
recorded as varieties "tipica", "Colombia" and "caturra" (most of "tipica" 1s grown in
traditional plantations and most of "Colombia" and "caturra” grown in intensive

plantations), with the annual average incidence of CL. Coffee data were taken from the

Encuesta Nacional Cafetera 1993 - 1996 (Federacién Nacional de Cafeteros de

Colombia 1997), and epidemiological data were obtained from the records 1990 - 1995
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hold by SSDH, using as denominator the rural population. Statistical analysis was the

same as used in the comparison at departmental level.

As can be observed in Table 1.6, the relationship between coffee plantations and CL
incidence in Huila can not fully explain the limited distribution of the epidemic area,
since coffee producing areas within the department spread along the whole mountainous

area including 35 of the 37 municipalities. Even though most of the coffee production
area (36,063 ha) is located on the Cordillera Oriental, which presents the highest
incidence (328.3 per 100,000), 1t is not concentrated in the municipalities (Baraya,
Tello, Neiva and Rivera) comprising the epidemic area (which account only for 9.9% of
the coffee area). Furthermore, the biggest coffee areas in this cordillera are located in
municipalities where none (Garzon, Acevedo, Algeciras, Timana) or very few (Gigante)
cases of CL were recorded during the study period (Table 1.6). By coffee type, a similar
situation is observed. Spearman's correlation, using data from the 35 coffee producing
municipalities, confirmed the apparent lack of association between CL incidence in the
whole study period and coffee growing (total, traditional or intensive). The same results
were obtained when CL incidence before (1990 - 1992) or during the epidemic (1993 -
1995) was tested.

In conclusion, no evidence was found for a correlation between CL incidence and cotfee
growing at National level or within Huila department. On the other hand, CL incidence
must therefore be strongly influenced by other factors, such as climate, soil types and
the particular features of primary and secondary vegetation, which might determine the
vector population size, its age structure, presence of reservoirs, and hence transmission
rates of CL. But it remains possible that more refined studies, such as risk factor studies

would be successful in finding a possible positive association with coffee plantations.

1.4 CUTANEOUS LEISHMANIASIS CONTROL STRATEGIES IN THE
ANDEAN REGION, COLOMBIA AND HUILA DEPARTMENT

The use of insecticides has played the major role in CL control world wide, especially
residual insecticide spraying of houses with organochlorines, organophosphates,

carbamates and currently pyrethroids (Oliveira and Melo 1994). House spraying has

been particularly effective for controlling peridomestic and endophilic
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Table 1.6 Coffee cover and cutaneous leishmaniasis (CL) incidence by municipality
and region in Huila department. Data taken from: Encuesta Nacional Cafetera,

1993 -1996; census 1993, DANE; and epidemiological records held by Secretaria de
Salud Departamental del Huila, SSDH (1990 -1995).

Coffee cover by varie_t_! (ha)

"colombia” Rural Annual average incidence
and CL cases population of CL x 100000
Municipali "tipica" "caturra” total 1990 -1995 1993 1990 - 1995
Cordillera Central
Paicol 129 540 668 1 3212 5.2
Teruel 482 * 1280 ® 1762 % 1 3308 5.0
Pital 394 1742 2136 2 7384 4.5
Palermo 806 1026 1832 2 9799 3.4
Santa Maria 872 1244 2117 1 6406 2.6
Agrado 160 432 582 0 3930 0
Aipe 449 456 904 0 4331 0
fquira 473 * 1259 * 1732 0 4135 0
La Argentina 466 1069 1535 0 5996 0
La Plata 876 3819 4696 0 20014 0
Nataga 141 * 374 * 515 b 0 3575 0
Tarqui 399 1771 2170 0 0294 0
Tesalia 68 * 180 ® 248 ® 0 4093 0
Subtotal 5714 15192 20906 7 30109° 3.9
Macizo Colombiano
Saladoblanco 454 1399 1853 1 6720 2.5
San Agustin 716 2121 2837 2 15454 2.2
Pitalito 806 7378 8184 2 26561 13
Elias 127 421 548 0 1612 0
Isnos 265 1179 1444 0 14558 0
Oporapa 263 1265 1527 0 5651 0
Palestina 530 1886 2416 0 5743 0
Subtotal 3162 15649 18811 5 48735° 1.7

Cordillera Oriental
Tello
Neiva
Baraya
Rivera
Campoalegre
Gigante
Acevedo
Algeciras
Altamira
Colombia
Garzén
Guadalupe
Hobo
Suaza
Timana

1155
1184
433
200
218
332
339
664
59
839
1123
361
317
493
222

1703
1704
454
399
703
3327
5263
2974
76
414
5047
1427
387
1207
2941

2858
2888
887
599
921
3659
o602
3638
134
1352
6170
1787
703
1701
3163

475
403

4
N -
-d OO

O O O O OO0 O O O N O

0828
13599
4291
8526
6888
10931
15090
11016
727
7394
18383
7864
1435
6218
13817

805.5
493.9
458.3
119.2

14.5

¢
o O

OO0 O 0 0O 0O O O

Subtotal

8038

28025

3606

'y
O
N
ch

54063°
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N
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Magdalena Valley

Yaguara 0 0 0 1 911 18.3
Villavieja 0 0 0 0 4606 0
m
Subtotal O 0 0 1 911° 18.3
W
Total 15751 55773 71523 1078 133818 134.3

* Data were not available. Numbers were calculated based on the percentage of each coffee type for the region; ° Data taken

from Comite Departamental de Cafeteros del Huila (195 - 1996); * Sum includ e ot oo e cases (1.6,
rural population at risk); ha: hectares. uded only municipalities that repo
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vectors (Davies ef al.,, 1994; Le Pont et al., 1989c; Kelly et al., 1997). However, the
main inconvenience for CL control, as for malaria, is the problem of sustainability.

There remains a need to search for alternative control measures which could be

maintained in the long run (Davies et al., 2000b).

The use of insecticide-treated bednets for malaria vectors has become widespread across
the world and its efficacy has been widely proved in Africa where significant reductions
in child mortality and disease incidence have been achieved (Lengeler et al., 1996). The
advantage of insecticide-treated bednets for sustainability as compared with spraying
are: a) the cost of the intervention is lower (Curtis et al., 1998), specifically there is a
notable reduction in insecticide cost, b) the community could have a substantial
participation in the control avoiding dependence on a control program, c) no specialized
equipment and personnel are needed. On the other hand, it should be noted that the
participation of the community requires, at least during the first years, the introduction
of programmes of motivation and education in order to guarantee that bednets are used
all the time during the periods of risk identified and that they are kept in optimal

conditions of use, including insecticidal effectiveness. All this requires an additional

cost which should be considered.

Insecticide-treated bednets may well be a practical control measure for leishmaniasis
vectors. Trials in Afghanistan (Reybumn et al., 2000) and Syria (Tayeh et al., 1997)
indicate a significant reduction in incidence of anthroponotic CL. In Colombia,
insecticide-treated bednets were shown, in a small experimental trial, to reduce the
indoor biting rate of sandfly vectors of CL in the coffee plantation areas of Valle del
Cauca department (Alexander et al., 1995¢). Treated bednets are currently provided free
of charge as a vector control measure for leishmaniasis, by the health service of some
departments (e.g. Antioquia, Sucre, Boyac4, Cundinamarca, Santander and Huila),
though their impact has not been evaluated. The recent introduction of insecticide

treated bednets for malaria control by the MOH could also provide protection for

leishmaniasis in areas where the two diseases are present.

In any particular endemic area for leishmaniasis the effectiveness of insecticide treated
bednets will depend on (a) the degree of anthropophily and endophagy of the vector

species; (b) the temporal overlapping between the time of indoor biting and the sleeping
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habits of the people living in the house; (c) the continued use (at least when a specific

seasonal risk has been detected) and by all the community of the treated bednets; and

(d) the degree of insecticide resistance of the sandfly species.

In Huila department, the control and prevention measures for CL are currently carried
out by the municipal Health Services in coordination with the Secretaria de Salud
Departamental (SSDH), and focus on the treatment of patients, vector control and
educational campaigns. Vector control has been implemented by the sanitation control
programme and it involves mainly large scale residual insecticide application inside and
around houses (including external walls and animal shelters). However, there has also
been occasional ultra low volume (ULV) insecticide spraying. Spraying records from
SSDH exist only from 1993, when the last epidemic started. Spraying appears to be
carried out in an irregular fashion, as is common for all the Andean areas where CL 1is
endemic (Davies et al., 2000b). The choice of areas to spray depends, mainly, upon the
report of an unusual high number of CL cases from a specific village, along with a
request by the communities. Frequency is usually only once. The most regularly used
insecticide has been sumithion (40% fenitrothion) applied at 200 mg/m* dose indoors.
However, since the beginning of 1998, ICON (lambda-cyhalothrin) has been in use.
Recently (1999), the Health Service of Neiva municipality (NHS) introduced
insecticide-treated bednets in nine villages, and the SSDH (2000) used the same
measure to control a small outbreak of CL in one village of Algeciras municipality. In
both interventions, approximately 1,400 treated bednets (deltamethrin, 25 mg/mz) were
delivered. Nevertheless, due to limited resources coverage has been relatively low, and

no re-impregnation campaign has been carried out.

Until now, the sanitation authorities of the region lack a clear policy as to where, when
and how spraying should be done in order to achieve the best results. Indeed, it is not
known if this measure, or the recently introduced insecticide-treated bednets, 1is
effective, since no monitoring or evaluation of the impact has been undertaken. This is
due, amongst other factors, to the lack of basic knowledge on transmission cycles of the
discase in the epidemic area of Huila, particularly in relation to the vector

(incrimination, vector biology, ecology and behaviour) which is the basis for the

establishment of any control programme.
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Chapter 1 Introduction

1.5 RATIONALE AND OBJECTIVES

Seventy three percent (37,738) of all CL cases recorded in Colombia during the last
decade were from the Region Andina. Vector control programmes are hampered by the
remarkable diversity of transmission cycles and the limited knowledge of the cycles in
the majority of foci. From at least 13 main highly endemic foci of CL, mostly within the
Region Andina, reported in Colombia in 1986 by the MOH, only three have been
studied in detail, and only three sandfly species of the current twelve recorded sandflies
species involved as vectors in the Region Andina have been confirmed as proven
vectors. Hence, field studies in these remaining foci (and other important new foci, e.g.
in Cundinamarca and Tolima departments) have been prioritised. Such studies, it is
hoped, will improve knowledge of the risk factors for infection and so aid the design
and implementation of cost-effective control measures. The identification of possible
patterns in transmission could be used to extrapolate control measure recommendations
to areas w