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WHAT IT TAKES TO BE A RESERVOIR HOST 
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Abstract. The majority of parasitic infections of man are of zoonotic origin. In a conceptual 
framework for the incrimination of manunalian reservoir hosts , these are defined as being essential 
to the maintenance of parasite suprapopulations. A series of guidelines are given for the accumula
tion of the relevant information. lt is proposed that mammal ecologists can contribute significantly 
to the understanding of medically important zoonoses. 
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INTRODUCTION 

Zoonoses, diseases transmitted between man and other arümals are of great public 
health impo1iance, so have been the subjects of much investigation. Many such infections 
are highly pathogenic and, while most occw· only sporadically, some are responsible for 
important epidemies. Zoonoses with wild animal reservoir hasts often occm· focally, obey
ing Pavlovsky's mies of <maturai nidality » (PAVLQVSKY, undated). Controlling the trans
mission of such zoonoses may depend on the description of the na tura! reservoir, and on 
a cleep understandi11g of the ecology of the reservoir host(s). This article is intendecl to con
tribute to a conceptual framework for the stuc! y of ~ukaryote zoonoses by describing gene
ral features and provicling definitions and guideli.nes for the incrimjnation of reservoir 
hasts. Microbial zoonoses are not included; white these obey similar rules, the stucly of 
prokaryotes requires a set of different methocls. 

A CONCEPTUAL FRAMEWORK 

Zoonoses 

At the latest count (Unpublished result basee! lmgely on BEA VER et al. , 1984 and CooMBS 
& CROMPTON, 1991) some 374 species of eukaryote bave been recordee! as natural parasites 
of Homo sapiens L. , 1758. Among these, no fewer than 299 ar·e thought to be pure! y zoonot
ic. That is, theil' suprapopuJations are never dependent on H. sapiens for theil· long tenu sur
vivat; humar1 infection is derivee! directly or illdu·ectly from anotber species of vertebrate. A 
further 31 fonns are partially zoonotic, being maintained by H sapiens as weil as other 
hasts. On! y 44 species are regmded as being entirely dependent on man. This last number is 
likely to faiJ witb increasing information, while the other two are likely to increase. 
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Most zoonoses are derived from natural mamrnalian hosts. Fig. 1 illustrates the mam
malian orders and the numbers of zoonotic parasitic infections maintained in each one. 
Relative to the number of species in the order, the Camivora and ungulates are the most 
important sources ofhuman infection, but the Rodentia are also very important. For a con
siderable number of presumably zoonotic infections, the reservoir host is unknown 
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Fig. 1. - Mammalian reservoir hasts for zoonotic endoparasites. The area of eacb circle is 
proportional to the number of species in the arder; the widtb of each arrow is propo1iional 
to the number of zoonotîc enclopara itic infections barboured by the species of the arder. 

The concept of zoonosis is strictly antb.ropocentric so, in itself, has no general scien
tific rel evan ce. However, the economie importance of zoonose has led to much researcb 
on them and they may be used as paradigms illustrating many. general parasitological prin
ciples. Thus, a reservoir host of a zoonotic infection is a maintenance host of a parasite 
which also infects another host species, and the stmcture of re ervoir systems can readily 
be generalised to describe parasite - host systems i.n general. 

Reservoir Systems 

A reservoir of infection is best defined as an ecological ystcm in whicb the infectious 
agent smvives i.ndefinitely. Where a vertebrate bost or group of hosts is essen ti al to such 
a system, these are termed the reservoir host(s). 
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For relative! y specialised parasites such as Leishmania aethiopica the reservoir system 
may comprise one or a few reservoir hosts (the hyraxes Procavia spp. and Heterohyrax 
brucei [Gray, 1868]) For generalist parasites such as Toxoplasma gondii or Trichinella spi
ralis (Owen, 1835), the system may include numerous reservoir hosts in any one place, 
a.nd these may vary geographically. 1t is important to distinguish between hosts which are 
essential to the system and those which are merely incidental. That is, those which fmm 
part of an ecological source and those which are mere! y ecological sinks. 

To be an essen ti al component of a reservoir system, the vertebrate host must at !east be 
susceptible to infection and the agent must reach its transmission stage. The other features 
of reservoir hosts are less easy to define or measure, and depend on long tenn quantitative 
interpretation. At ali stages the whole reservoir system must be considered and it is only 
when the system bas been described at !east semi-quantitatively that a final assessment can 
be made. The question is particularly intractable with generalist parasites for which any one 
host species may be insufficient to en sure long tenn persistence of a suprapopulation. 

In order to satisfy the requirements of a reservoir bost, an infected individual must, on 
average, be responsible for the subsequent infection of at !east one other individual. As 
shown schematically in Fig. 2 it is hypotbetically possible for the reservoi_r system to 
include more thau one reservoi_r host species. In the example given, based on T gondù, the 
reservoir system includes the cat as definitive host and various rodents and birds as inter
mediate hosts. Suppose the average infectee! cat infects one eacb of Apodemus, Arvicola, 
Mus, R{lftus and Passer; th en eacb of tbese in turn infects 0.25 cats, so a total of 1.25 cats 
are subsequently infectee! and the cycle can continue. However, no single i_ntermecliate 
host species is eitber essential or sufficient to maintain the system. In this example any 
four of the five i_ntermecliate hosts are requirecl: ali must be termecl reservoir hosts. 
Extencling tbjs hypothetical example, eacb infectee! incliviclual of Rattus spec. bas a small 

Fig. 2. - Hypothetical scheme for a complex reservoir system in which more than one reser
voir bost is required. Based on the !ife cycle of Toxoplasma gondii, but fi gures are for illus
tration only. See text for explanation. 
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probability of infecting a pig which, in turn, bas a small possibility of infecting a human. 
The pig is most unlikely to infect a cat or, in any other way, to contribute to the mainte
nance of the system, sois not a reservoir host. From the anthropocentric point ofview, the 
pig is an important source of human infection. Such a host, which causes humans to be 
exposed to infection, but plays no pmt in the maintenance of the reservoir system is termed 
a liaison host (GARNHAM , 1971 ). 

Incrimination of Reservoir Hosts 

The ideal goal in describing a zoonotic disease would be to enter ali the numbers on a dia
gram resembling Fig. 2. However, there is probably no zoonosis whose ecology is sufficiently 
weil known to measure ali the parameters required to fonnally construct such a comprehensive 
mathematical mode!. FüLtunateJy however, quantitative infom1ation on pat1s of the system is 
frequently sufficient that ' intuitive' interpretation may be qui te convincing. Further, at this leve! 
of complexity (where accmacy risks becoming divorcee! from precision) it is doubtful that any 
biomathematical mode! could be more reliable than infonned ' intuition'. It must be empha
sised that the fact that comprehensive mathematical models are of limitee! value in no way 
denies the essen ti al value of quantitative data, or of models of small pm1s of systems. 

In practice, the measurement of various parameters is possible which are sufficient to 
incriminate most reservoir hosts with reasonable certainty. This can be illustrated by the 
varions zoonotic species of Leishmania, which show a wide variety of patterns within a 
homogeneous group of parasites. The roles of mammals in the maintenance of 
Leishmaniasis systems has been reviewed by ASHFORD ( 1996). 

Selection of field study site 

This usually depends on the location of cases of human infection, preferably foci in 
which many cases occur. Travet histories are v ital ; it is important to visit homes and care
fully interview subjects. Age and occupation risk factors may be strong indicators of spe
cifie transmission sites; infection in infants frequently indicates peridomestic transmis
sion, so is especially valuable. This information can usually be gathered from existing 
records and informai open questionnaire, without resort to formai epidemiological inves
tigation. Epidemies in which hu mans m·e temporary source of human infection may be 
very misleading. In southern Suclan epidemies of L. donovani occw· over a wide area but 
these seem to be anthroponotic; there appear to be residual foci of zoonotic infection in 
sparsely inbabited areas, whose structure remai.ns to be de cribed, which cmmot readily be 
located dming epidemies. Strong parallels exist in this respect with plague. 

Collection and incrimination of candidate reservoir hosts 

The importance of accurate identification of the vertebrate host cannot be overempha
sised. Candidates may be chosen according to prima facie evidence. A maintenance host 
for one Leishmania species is likely to be a good host for others; it is likely to constitute 
a large proportion of the mammalian biomass, at least in restricted m·ea , sois either abun
dant or gregarious. Alternatively tbere may be a specifie association between a sandfly 
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vector and vertebrate host which increases the chances of transmission. This has been 
found for sloths Choloepus and Bradypus spp, which main tain L. panamensis and L. guya
nensis. Experimental infection may be very misleading; many workers have found great 
difficulty in infecting natmal hosts with cultured Leishmania parasites. If the season and 
age group of maximum preval en ce can be predicted, the number of animais needed to be 
examined in order to exclude a candidate is unlikely to exceed 100. 

Detection of parasite 

Here again taxonomy and identification present real difficulties. Workers in central 
Asia misjudged the risk of zoonotic L. major infection for many years before it was dis
covered that they were dealing with two species of parasite, L. major, which infects 
humans and L. turanica which does not. The results of a massive effort by the American 
Navy in southem Sudan in the 1960s are uncertain today owing to doubt about the identi
ty of the parasites they isolated from Arvicanthis niloticus (Desmarest, 1822). 
Biochemical methods of classification and identification have contributed grea tl y in recent 
years. Wherever possible parasites must be isolated in culture for detailed identification. 
It is important to establish that the parasite reaches a stage in which it can be transmitted. 

Estimation of parasite population parameters 

The most important parameters are prevalence, incidence and duration of infection. 
Incidence, which is the most expensive parameter to measme, can be estimated as preva
lence 1 duration, but care must be taken to allow for seasonal effects. The most valuable 
practical measure for most host - parasite combinations is the relation between host age 
and prevalence of active or past infection. The use of eye lens weight as a measure of the 
age of rodents bas proven to be of immense value in our own (unpublished) study of 
L. major in Psammomys obesus Crezschmar, 1828 in N01th Africa. 

Estimation of host population parameters 

The main population factors favouring a reservoir role are high density, and longevity 
sufficient to provide a habitat for the parasite during any non-transmission season. Many 
of the normal topics of mammal ecology studies, such as nutrition, are of limited interest 
in medical mammalogy. Some parameters can only be measured witb longitudinal study 
of a population by remo val. This can conveniently be combined with parasitological study 
as described above. Mobility and longevity can, however, best be measmed by mark-cap
ture-recapture methods without removing the an.imals, which is incompatible with para
sitology. Indirect methods such as serology may overcome thi problem, but are only valid 
when the structure of a focus bas been qualitatively described. 

Effect of parasite on host 

The old idea that a ' weil adapted ' para ite does not harm it host i clear ly not a val id 
generalisation: many parasites depend on the deatb oftheü· ho t for transnussion , and ccr-
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tainly accelerate this death. Nevertheless, it is generally difficult to demonstrate serious 
effects of common parasites on individual manunalian hosts. Any effect on natural host 
populations is even more difficult to demonstrate. Leishmania species in their natural 
hosts may infect the skin or viscera; infections last for the Iife of the host, but are not 
known to cause significant pathology, nor to reduce ecological fitness. Cutaneous infec
tions are frequently undetectable visually. It is only the domestic dog, which must be a 
secondary reservoir host of L. infantum, and man, as a presumed secondary maintenance 
host of L. donovani, which suffer serious disease. 

The measurement of effects of parasites on natural host populations requires extended 
longitudinal study, and such effects have ra rely been demonstrated. Reservoir hosts are, by 
definition, maintenance hosts so infection is likely to be either too infrequent or too benign 
to have any regulating effect on populations. An acutely pathogenic parasite is likely to be 
in an unusual host species. 

CONCLUSION 

The identification of reservoir hosts is an essential component of programmes for the 
control of zoonoses. Only with a thorough Lmderstanding of the basic ecology of the host will 
efficient control be possible and, with parasitic zoonoses, there have been ve1y few compre
hensive ecological studies aimed at the reduction of tran mission to man. Manu11alogists 
have tended to measure parameters relevant to basic ecology or crop protection, without ref
erence to zoonotic parasites. Parasitologists bave tended to examine large numbers of hosts 
haphazardly, without reference to their population structure. Carefully designed studies of 
the interaction between host and parasite populations are ca lied for. These are expensive and 
meanwhile, mammalogists should be more aware ofparasitology, and parasitologists should 
be more meticulous in the gathering of data conceming the ho t they are studying. 
Microbial zoonoses such as rabies and plague are much more thoroughly understood in this 
respect, and interaction between the relevant expe1ts would be higbly productive, initially to 
develop a consistent tenn inology for the subject of zoonose a a who le. 
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