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Epidemiological Studies on Andean Cutaneous Leishmaniasis and their
Significance for Designing a Control Strategy

A. Llanos-Cuentas' and C. Davies’

Introduction

The Workshop "Research on Control Strategies for the Leishmaniasis" held in
Ottawa, Canada in 1987, identified the priorities for research to aid control efforts. It
recognized that each clinical-epidemiological form has unique characteristics, so that
general recommendations are not feasible for control approaches. Four disease groups
were considered separately. For one of them, New World cutaneous and mucocutaneous
leishmaniasis, the major recommendations were: (1) the identification of high risk groups;
(2) identification of the factors associated with transmission; (3) development of vaccines;
and (4) pilot control studies.

Summary of the Status of Leishmaniasis in Peri

In Pera four Leishmania species have been described: L.(V.) braziliensis, L.(V.)
peruviana, L.(V.) guyanensis, L. mexicana (Llanos-Cuentas 1990). Only the first two
have epidemiological importance in Perd. L.(V.) peruviana causes Andean Cutaneous
Leishmaniasis (Uta). It occurs in the Andean valleys along the Pacific slope and in some
Inter-Andean valleys between 800 and 3,000 meters. Incidence also varies with latitude,
and below 13° south there are no reported cases of Uta. In contrast with other
subspecies of the L.(V.) braziliensis complex, L.(V.) peruviana is not transmitted in
forested regions. In the endemic valleys of the western Andes, the vegetation in the
uncultivated areas is usually low scrub. Uta patients always suffer cutaneous lesions, but
mucous membranes can occasionally be involved via two processes: by extension of a
contiguous lesion (Lumbreras 1985; Miranda 1988), or (very rarely) by metastasis
(Llanos-Cuentas unpublished data).

L.(V.) braziliensis is the agent of cutaneous and mucocutaneous leishmaniasis
(MCL) and it causes the majority of mucosal cases. It is present on the eastern slopes
of the Andes, from 3,000 meters (in the Department of Huanuco) down to sea level and
the Amazonian jungle.

! Working Group of Leishmaniasis, Instituto de Medicina Tropical "Alexander von Humboldt" (IMTAvVH),
Universidad Peruana Cayetano Heredia (UPCH), Lima, Peri. Centro de Investigacién en Salud "Dr. Hugo
Lumbreras Cruz®, INS, MINSA.

2 London School of Hygiene and Tropical Medicine (LSHTM), U.K.
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Leishmaniasis is a disease that is increasing in Peru; its incidence (as recorded
by passive detection) has recently doubled from 9.1 cases/10° in 1978 to 20.8/10° in 1988
(Fig. 1). Both Uta and MCL have increased in this time (Fig. 2 and Fig. 3).

In some departments, such as Madre de Dios, Huanuco, Cusco, Ucayali and
Ancash, incidence rates were above 70 cases/100,000 inhabitants in 1988; and in some
areas, such as Ambo (Huanuco department), leishmaniasis has the same importance as
respiratory disease, diarrheal disease or tuberculosis (Table 1).

Table 1. Principal causes of morbidity in Ambo from January to October, 1988

Disease No. of patients
Leishmaniasis 364
Diarrheal disease 277
Respiratory disease 269
Tuberculosis 15

The Ministry of Health (MINSA) has estimated approximately 15,000 new cases
of tegumentary leishmaniasis for 1992 (Chumbe 1991, manuscript document). There is
no specific program for control in leishmaniasis in Peru, and the main measure taken by
MINSA is the provision of drug supplies. Some operative units of MINSA have
programmed spraying activities, but no quantitative analysis of their efficacy has been
carried out.

Current Status of our Knowledge of the Epidemiology of Uta, and its Relevance for
Control Strategies

In this meeting we would like to address the following questions: (a) Where and
when does transmission of Uta occur? and (b) How does the epidemiology relate to the
entomological parameters? These questions are potentially the most relevant for
choosing an appropriate control strategy. We shall be referring to the results of recent
and on-going studies that are being carried out in several endemic areas by the Working
Group of Leishmaniasis at the Instituto de Medicina Tropical "Alexander von
Humboldt"- UPCH and Centro de investigacion en salud "Dr. Hugo
Lumbreras"-INS-MINSA.

The identification of the vector species is one of the pre-requisites for any control
program. Prior to our current studies, the evidence for distinguishing the vector status
of the various potential vectors of Uta was largely circumstantial. At least nine Lutzomyia
(Lu.) species (Diptera: Psychodidae: Phlebotominae) have been identified in sandfly
collections made in endemic areas of Uta. The most important anthropophilic species
are Lu. peruensis, Lu. verrucarum, and Lu. ayacuchensis.
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FIGURE 1l:
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FIG. 2. NEW CASES OF UTA IN PERU
DURING THE PERIOD 1981 TO 1989
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Following the early studies of Townsend (1913), Lu. verrucarum was incriminated
as the vector of Bartonella baciliformis, and transmission was shown to be closely
associated with human dwellings. As Uta and bartonellosis are closely associated
geographically, and frequently coexist in some areas, the vector and the place of
transmission were assumed to be the same (Weiss 1943; Herrer 1951a; Herrer &
Battistini 1957). No specific attempts were made to identify the vector of Uta until 1982
when Herrer (1982) induced Leishmania infections in hamsters (Mesocricetus auratus)
inoculated with triturates of pooled field-caught Lu. peruensis. He concluded that this
sandfly may be the natural vector of L.(V.) peruviana; he also suggested that Lu.
peruensis has less domesticated habits than Lu. verrucarum (Herrer 1982). Later,
Cruzado in La Libertad (1987) and Pérez in Ancash (Purisima valley) detected natural
infections of Leishmania promastigotes in individually dissected Lu. peruensis (Pérez et
al. 1991). The strain isolated by Pérez was identified by isoenzymes as L.(V.) peruviana.
Recently, the group of Dr. Arevalo of IMTAVH, using the polymerase chain reaction
technique with a sequence of kinetoplast DNA specific for the L.(V.) braziliensis
complex (L6pez et al. 1991), have identified natural infections in two other species of
sandflies: Lu. verrucarum and Lu. ayacuchensis (Arévalo, Caceres & Pérez Personal
communication). Lu. ayacuchensis is the likely vector in the endemic valleys of Ayacucho
(and possibly in Piura), whilst in Western valleys along the Pacific slopes Lu. peruensis
and Lu. verrucarum are the potential vectors. The relative importance of Lu. peruensis
and Lu. verrucarum as vectors is hard to distinguish, as they are frequently sympatric and
both show a close geographic correlation with the disease.

One approach is to relate altitudinal variation in the proportion of Lu. peruensis
with variation in the incidence of Uta. In Figure 4, we can see clearly that the ratio of
Lu. peruensis to Lu. verrucarum (collected in Shannon traps) increases with altitude,
indicating that although the two species overlap, the mean altitude of the Lu. peruensis
population is greater and correlates with an increase in the incidence of Uta with altitude
(Fig. 5). Sandfly collections and prospective epidemiological surveys (by active search)
were undertaken in Purisima valley from 1987 to 1989 (Phase I). The line of best fit was
calculated by logistic regression. Thus, these results suggest that in Purisima valley
transmission is mainly by Lu. peruensis, although a role for Lu. verrucarum cannot yet
be discounted.

The second approach we are taking is to investigate temporal correlations
between sandfly densities and monthly incidence rates. In Purisima valley, we correlated
the monthly incidences in the whole valley with concurrent monthly variation in sandfly
numbers in one highly endemic village (Huanchoc) estimated by three methods (CDC
in houses, Shannon traps outside, and daytime captures from outdoor resting places by
aspiration). The only relationship identified was between the number of Lu. peruensis
caught inside houses and incidence one month later (Fig. 6). The correlation coefficient
was 0.42 (just above the critical value (0.50) for significance (p < 0.05). No correlations
were observed for any other time shifts (from 0-6 months were tested) or for outdoor Lu.
peruensis captures (by Shannon or aspiration); neither were any correlations apparent
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FIGURE 4:

PERCENTAGE L. PERUENSIS
(Shannon traps in Purisima Valley)
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FIG 6. LU. PERUENSIS DENSITY AND MONTHLY
DISTRIBUTION OF UTA CASES
{CDC inside houses; uta cases + 1 month)
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with variation in the Lu. verrucarum population. These results suggest: (1) an incubation
period of one month between sandfly bite and onset of lesion development; and (2) a
key role for intra-domiciliary transmission by Lu. peruensis in the epidemiology of Uta
in the Purisima valley.

Further on-going comparative studies of Lu. peruensis and Lu. verrucarum aim
to: (1) relate incidence with sandfly densities in different endemic areas; (2) compare
infection rates in the field; and (3) compare vectorial competence in laboratory
transmission studies with colonised flies.

Additional observations in the Purisima valley indicate the possibility of
extra-domiciliary rural transmission foci. The working habits of the population involve
the displacement of all members of the family to their crop fields, where they remain for
different periods (days), using provisional shelters. As these shelters are open, their
occupants are very much exposed to sandfly bites. Sandfly captures were carried out at
provisional shelters (both occupied and empty) in different locations of the valley, during
the peak sandfly activity period (18:00 to 21:00 hours). The mean number of sandflies
caught per night was from 20-31 in the occupied shelters, and less than 2 in the empty
ones. Casual observation of (and conversation with) the population suggests that families
remain in the crop fields (mainly corn) during the harvesting periods just some months
before the peak of incidence in the valley (Fig. 7). A quantitative analysis of the time
spent in these temporary shelters in relation to seasonal variation in incidence is
currently being carried out.

It is vital to verify and define the different sites of transmission in order to
account for the failure of past fumigation programs to eradicate the disease, and to
design appropriate control strategies for the future.

Two further approaches are being taken to definitively identify the sites of
transmission.  Firstly, we are investigating the risk factors associated with recent
transmission of Uta using a case control study. The exposure factors are the
characteristics of the house, the peridomiciliary environmental characteristics, and the
behavior patterns of the people in the endemic areas. Secondly, we are comparing
monthly incidences and sandfly densities captured inside houses, in the peridomestic
arena and within crops belonging to some 16 villages. The aim is to collect one year’s
base-line data, and then to manipulate the domiciliary sandfly populations (but not those
in the crops) by house fumigation, and -- in a longitudinal active search study -- identify
whether any reduction in incidence ensues.

The relative risk of intra-domiciliary infection versus the risk of infection
associated with agricultural activities may well be age-related. A comparison of risk for
different age groups could therefore provide clues to the relative importance of these two
potential sites of transmission. Figures 8, 9, and 10 show the cumulative percentage of
people infected in different age groups in four villages of Purisima valley (Ancash
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FIGURE 8: Percentage of infected people in four villages
of Purisima Valley
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"FIGURE 9: Percentage of infected people in four villages
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department), four in Lurin (Lima department) and two in Rimac Valley (Lima
department).  Present or past infections were identified in a cross-sectional
house-to-house survey of the population by Montenegro test (solid line), as well as
clinical signs -- characteristic scars or lesions (dotted line). Infections with L. (V.)
peruviana lead to long-term protection against further infections, as illustrated by the
relative rarity of second episodes of Uta in patients whose lesions have healed (i.e with
the characteristic scar). Thus, the villages with the highest infection rates (as measured
by the cumulative prevalence for the whole population -- the percentage Montenegro
positive), should have the lowest average age for cases. This can be visualised by
comparing the graphs for Jarachacra, with the highest infection rate and a very high
proportion of cases in children less than five, and Langa, with the lowest infection rate
and the majority of cases in adults.

This is the pattern one would predict if the risk for susceptible (Montenegro
negative) children and susceptible adults was the same. But the epidemiological patterns
derived from the various villages in the study indicates significant deviations from any
simple relationship between transmission rate and the proportion of cases in children.
This can best be illustrated in Figure 11, which plots mean annual incidence in
susceptible (Montenegro negative) adults against the mean annual incidence (from
1989-1991) in susceptible children (under 15 years) for 16 endemic villages. Points near
the x-axis represent villages where the infection rate in susceptible children is very much
greater than that in susceptible adults; whilst points close to the y-axis represent the
reverse. Points close to the dotted line represent sites with no change in incidence with
age. The wide dispersion of points suggest the existence of different patterns of
transmission, even for villages in the same valley. In some cases, such as Licahuasi,
Canye and La Esperanza, the risk in susceptible children is eight times that in susceptible
adults; whereas in Huatiacaya (Lurin) the risk to adults is four times greater than in
children. Between these two extremes there are several intermediate patterns. Thus,
these data suggest: (i) different patterns of age-related risk of exposure for people in
different villages and/or different valleys; and/or (ii) differences in the immune status of
the populations living in different endemic areas.

A similar pattern was generated from the results of phase I (epidemiological,
clinical and parasitological characteristics of Uta) in the Purisima valley. There, the
incidence risk in persons without signs of disease (scar and/or active lesions) fell rapidly
with age (Fig. 12). The inference that asymptomatic infections (or at least those with
no detectable scar) are frequent in this valley, and that immunity is developed by adults
(probably as a result of multiple repeated infections), was not supported by our recent
studies. Some 70% of the populations of the villages mentioned above (Fig. 8, 9 and 10)
have undergone Montenegro skin tests. Ninety percent of all Montenegro positive
inhabitants have detectable scars or lesions, and there is no significant difference in the
percentage for children less than 15 years old (92%) and adults (89%). Thus, the drop
in incidence rate with age for the unscarred population is apparently not generated by
an increase in their immune status (at least as determined by the Montenegro test).
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FIGURE 11:

Age-related incidence in susceptibles
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These results indicate that any decrease in incidence (in susceptibles) with age is
probably due to a difference in risk (exposure) associated with age-related differences
in human activity. In endemic villages or valleys where this is the case, there is a
significant implication for disease control. Prevention of Uta for several years will
undoubtedly increase the percentage of susceptible adults in the population, but if for
some reason the control program was terminated, these susceptible adults would have
a relatively low risk of infection (compared with what they would have experienced as
children). Thus, the success of control programs in reducing the cumulative prevalence
in the population should not be immediately reversed if they are suddenly terminated.

In Perd, during the last 40 years the control activities for leishmaniasis have
focussed on DDT spraying campaigns. The field experiments carried out by Hertig
(1942) and Herrer (1957) in the 1940s and 1950s demonstrated that DDT house spraying
reduces the number of sandflies both inside the house and in resting places up to 30
meters from the sprayed house for up to one year. However, none of these studies
carried out any controlled analysis of the effect of the spraying on disease incidence.
Similarly, the experiences of MINSA were never evaluated. However, it is possible to
examine the effect of DDT house spraying during the nationwide campaign to control
malaria during the 1960s and first years of the 1970s. Leishmaniasis and malaria used
to coexist in many of the Western Andean valleys. Figure 13 shows a dramatic drop in
the incidence of Uta in Ancash department during the spraying campaign, followed by
a rather slower resurgence once it stopped.

Similar patterns are being recognised in most of the villages that we are currently
working in. Figure 14 illustrates the estimated mean annual incidence (in susceptibles)
per decade calculated retrospectively from a cross-sectional survey of the populations of
four villages in Lurin Valley, in which age, date of immigration (where relevant), disease
status and age when infected for each inhabitant was recorded.

These results give a strong indication of the efficacy of DDT for reducing
transmission related with human dwellings (inside and/or peridomestic). They also
suggest a significant lag period after the spraying campaign was terminated before the
infection rates returned to previous levels. However, unlike malaria, the spraying
campaign clearly failed to eradicate leishmaniasis, possibly because the putative sylvatic
transmission cycle of Uta was not affected by the reduction of sandfly populations
associated with human habitations.

Nothing is known with any certainty concerning a sylvatic transmission cycle
involving wild reservoir hosts. Although reservoirs have been studied in Pert since 1927
(Weiss unpublished data, referred in Herrer 1955), effort has concentrated on domestic
animals (mainly dogs), possibly because dogs were the first animals found infected with
Leishmania (amastigotes in smear) in the New World (Pedroso 1913), and because
(jointly with bartonellosis) transmission was accepted as peridomestic (Herrer 1951a,
1957a; Lumbreras 1985). '
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FIGURE 13:
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Herrer & Battistini (1951), through experimental infection of dogs and foxes with
promastigotes isolated from humans, demonstrated that although the majority of these
animals did not develop ulcers, amastigotes could be detected in inconspicuous lesions.
Based on this experience, Herrer carried out a field study (Herrer 1951b), in which he
demonstrated amastigotes in stained skin smears (usually nasal) in 46 out of 165 dogs.
No infections were found in 78 cats, 22 donkeys, 7 pigs or one horse. In a later study
Herrer (1955) calculated a canine incidence of 29% in Huarochiri province, but his
protocol for dog selection was not recorded. At that time a number of wild rodents and
opossums were trapped and examined by the same method, but no parasites were
demonstrated. Unfortunately, the descriptions of the methodology in Herrer’s studies
have frequently been incomplete making interpretation of his data awkward.

Recently, Llanos-Cuentas et al. (manuscript in preparation) studied the possible
wild and domestic reservoirs in Purisima valley. The fauna was restricted: only three
genera and eight species were found in monthly captures during 24 months. From 471
wild animals tested for Leishmania infection, flagellates were observed in 56. Of these
strains, only three were identified as Leishmania (all L.(V.) peruviana) -- one from
Didelphis albiventris and two from Phyllotis andinum. Of 867 domestic animals (643
dogs, 198 donkeys, 21 mules and 5 horses) examined for lesions compatible with
Leishmania, all were negative except one dog; and sequential parasitological
examinations of the dog were all negative. Serological evidence of Leishmania infection
was demonstrated by DOT-ELISA in eleven of 51 (21%) sera collected from dogs in the
same valley (Guevara et al. Personal communication). Recently, Leishmania parasites
have been isolated from three dogs in Purisima valley, and one dog from Canta valley
(Lima department). We are now evaluating the potential role of dogs as reservoirs by
transmission experiments. Despite our parasite isolations from D. albiventris and P.
andinum, the role of sylvatic reservoirs remains largely unexplored.

The aim of Phase II is to develop an appropriate control strategy for Uta using
the information generated through our studies.

The studies proposed below for Phase I, will develop and apply an appropriate
control strategy for Andean Cutaneous Leishmaniasis in several endemic areas (in the
departments of Lima and Ancash). In each of two valleys, disease incidence and a
variety of entomological parameters are being recorded in four villages. In one village,
all houses and peri-domestic walled structures (e.g. animal houses) will be fumigated with
insecticide at strategic periods before the peak of vector activity (October and April).
In a second village, as well as domiciliary fumigation, ravines and other sites that have
been incriminated as resting places (probable foci of transmission) will also undergo focal
spraying and will simultaneously be reforested. Reforestation with eucalyptus trees will
be employed in order to change ecological features that may be necessary for the
maintenance of Leishmania transmission. The third and fourth villages in each valley will
act as controls -- one to experience reforestation (but not fumigation) and the other to
be left completely unaltered during the course of the experiment. In all villages, we are
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providing health education on leishmaniasis (plus other important health concerns), early
diagnosis of lesions and free treatment. Forestation and fumigation activities will be
conducted (under supervision) by the community, in conjunction with village health
promoters who are being trained by our team.
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