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A 12-MONTH SURVEY OF GASTROINTESTINAL HELMINTH

INFECTIONS OF LEMURS KEPT IN TWO ZOOS IN MADAGASCAR

Fidisoa T. Rasambainarivo, D.V.M. and Randall E. Junge, D.V.M., Dipl. A.C.Z.M.

Abstract: Infections with gastrointestinal parasites may be a major threat to lemurs kept in captivity, as they

are a common cause of diarrhea. In this study, fecal egg count patterns and clinical signs associated with

gastrointestinal nematodes were assessed for 12 mo in 40 lemurs kept under different husbandry and climatic

conditions at two sites in Madagascar. Involved species were black-and-white ruffed lemurs (Varecia variegata),

eastern grey bamboo lemurs (Hapalemur griseus), greater bamboo lemurs (Prolemur simus), red-bellied lemurs

(Eulemur rubriventer), common brown lemurs (Eulemur fulvus), crowned lemurs (Eulemur coronatus), and Sclater’s

black lemurs (Eulemur macaco flavifrons). At site 1 (Tsimbazaza Zoological Park), lemurs were kept in small

enclosures with daily cleaning of the cement soiling and without routine anthelmintic program, whereas at site 2

(Ivoloina Zoological Park), lemurs received routine anthelmintic prophylaxis and were housed in small enclosure

with daily cleaning of sandy soil enclosures. A total of five genera of nematode eggs from the orders Strongylida,

Oxyurida, and Enoplida were recovered and identified from 198 out of 240 samples (83%) at site 1 and 79% (189

out of 240) at site 2 with the use of a modified McMaster technique. Significant differences were found for parasites

from the order Strongylida between the two sites. The differences may be due to climate conditions and the

presumed life cycle of these parasites. No significant differences were found for parasites from the other orders. No

significant differences were noted between sexes or between seasons. No clinical signs of parasitic gastroenteritis

were seen in either lemur collection.

Key words: Gastrointestinal nematodes, lemur, Lemuricola sp., Lemurostrongylus sp., Madagascar, zoological

park.

INTRODUCTION

Because of declining free-ranging populations,

lemurs kept in captivity may become increasingly

important for conservation by means of exhibi-

tion, study, and as stock for reintroduction in the

wild.3 Thus, it is important to have the broadest

possible knowledge of their diseases. Previous

studies show that gastrointestinal parasites are

one of the most common causes of diarrhea in

lemurs.16

The prevalence, seasonal activity, epidemiolo-

gy, and pathogenicity of gastrointestinal parasites

vary with animal species, age, and geographical

region.2,9,23,26,30 In general, the mean parasite

burdens increase with favorable climatic condi-

tions (i.e., more humid environments); conse-

quently prevention methods differ in relation to

climatic factors.22,25,27,31 Although seasonal trends

and geographical differences in nematode infec-

tion have been studied in different taxa,12–15,29 few

studies assess nematode infection in lemurs held

in captivity,8 and none assess fecal egg count over

a year comparing two sites.

The aims of the present study were to identify

the genera of lemur parasites, assess patterns of

fecal egg count of six lemur species kept in zoo

environments, and compare the parasite loads

between two zoological parks in Madagascar.

MATERIALS AND METHODS

Study sites

In this study, animals were sampled from

two sites in Madagascar, Tsimbazaza Zoological

Park, and Ivoloina Zoological Park.

The Tsimbazaza Zoological Park (PBZT) is

located in Antananarivo in the central highlands

of Madagascar (18u55948.430E, 47u31934.040S).

Mean temperatures vary between 14.6 and

24.8uC, and average monthly rainfall is 76.7 mm

(minimum 2.5 mm; maximum 222.6 mm). The

primate collection is composed of 89 lemurs of 16

species, and all are housed in outdoor cages. The

lemur cages range in size from 7.21 to 34.76 m2

and are on a cement substrate; cages are cleaned

daily. In this facility, no routine anthelmintic

program was applied during the study period.

The Ivoloina Zoological Park (PZI) is located

12 km north of the city of Toamasina on the east

coast of Madagascar (18u03.5500E, 49u21.4790S).

Mean temperatures vary between 20.3 and 28.2uC,

and average monthly rainfall is 337.4 mm (mini-

mum 108.2 mm, maximum 599 mm). The lemur
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collection is composed of 75 individuals from 12

species, from which 24 from 4 species are free

ranging within the zoo grounds. Lemur cages

range in size from 8.44 to 42.24 m2, and are on a

sand substrate; cages are raked daily. During the

daily raking, fecal material and leftover food are

removed from the cage. At Ivoloina Zoological

park, lemurs received routine anthelmintic prod-

uct as part of a preventive medicine program

(Fenbendazole, 50 mg/kg for 3 days) in July,

September, and December 2006 and March 2007.

At both sites, lemurs are the only nonhuman

primates on the grounds, and animals are fed

exclusively with fresh fruits and leaves or bamboo

collected daily from around the zoo grounds.

Study animals

Twenty animals were randomly selected from

each site (Table 1). On the first week of every

month, the same animals were weighed, exam-

ined, and sampled for fecal analysis.

Observation period and sampling techniques

The 1-yr study period, from April 2006 to

March 2007, included a full dry season from

April to September and a rainy season from

October to March. No lemurs were exported or

introduced in the lemur groups involved during

the study period.

At both sites, fecal samples were collected

monthly with the use of a veterinary fecal probe

from the individually identified animals. On

collection, the fecal sample was given a consis-

tency score: 1, indicating watery or fluid feces; 2,

indicating well-formed stools; and 3, hard fecal

sample. At the same time, the animals were

weighed and a body condition score was also

given, 1 5 poor; 2 5 normal/good; and 3 5

obese, based on individual observation.

The fecal samples were transported in a cool

box without any fluid or preservative and

immediately processed or stored for a maximum

of 48 hr at 4uC before analysis.

Parasitological techniques

Fecal egg counts (FECs) were determined with

the modified McMaster method, with the use of

a NaCl solution (density 1.20 at 20uC) with a

sensitivity of 50 eggs per gram feces (epg).28

Parasite identification was based on the size and

shape of the eggs up to the genus levels.

Data processing

Annual prevalences were calculated where

individuals that excreted eggs during the 1 yr

study period are posed against the total numbers

of animals. The variation in seasonal egg counts

were calculated with the use of the geometric

mean. Fecal egg counts from each order of

parasites in site 1 and site 2 were compared via an

independent-samples t-test and a P value ,0.05

indicating significance. In females only, fecal egg

counts from each order of parasites were

compared by means of a two-sample t-test during

the breeding season (September–November) and

outside of the breeding season. The geometric

means were compared between sexes and seasons

via a two-sample t-test.

RESULTS

Helminth identification

Five different genera of helminths could be

recovered and identified from the 473 fecal

samples of the two sites (Tables 2 and 3). These

eggs belonged to the genera Lemurostrongylus

and Parahabdonema (both of the order Strongy-

lida), Lemuricola spp., Callistoura spp. (both of

the order Oxyurida), and Trichuris spp. (order

Enoplida). Eggs of Lemuricola were the most

ubiquitous, represented in 189/353 samples from

Eulemur spp. and 49/84 from Varecia variegata.

Trichuris were found only in 16 samples and only

in Eulemur fulvus from site 1.

Fecal egg count pattern

At Tsimbazaza Zoological Park, the geometric

mean over the 1-yr period were 75.64 epg for

parasites of the order Strongylida, 101.92 for

parasites of the order Strongylida, and 3.92 epg

for parasites of the order Enoplida (Table 4).

Maximum individual FEC at this site was 650

epg. FEC peaked in January with geometric

Table 1. Species and sex of study lemurs from two
zoological parks in Madagascar.

Site 1 (PBZT)a Site 2 (PZI)a

Varecia variegata 2:1 0:4

Hapalemur griseus 1:0 0:1

Prolemur simus 0:0 1:0

Eulemur rubriventer 1:2 2:0

Eulemur coronatus 1:2 2:1

Eulemur fulvus 5:1 3:3

Eulemur macaco flavifrons 2:2 0:3

Male:femalea 12:8 8:12

a Number of males and number of females are separated by a

colon (males:females); PBZT 5 Parc Botanique et Zoologique

de Tsimbazaza; PZI 5 Parc Zoologique d’Ivoloina.
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means of 162.5 for parasites from the order

Strongylida, 290 for the parasites from the order

Strongylida (range 0–650 epg), which is also the

month with the highest rainfall at that site

(222 mm).

At Ivoloina Zoological Park (Table 5), the

geometric means over the 1-yr period were 137.71

for parasites from the order Strongylida and

124.5 for parasites from the order Oxyurida.

Maximum FEC at this site was 2,950 epg. The

FEC for parasites from the order Strongylida

peaked in June with a geometric mean of 277.5

and in December with a geometric mean of

282.48 epg, and rainfall amounts were, respec-

tively, 456.8 and 437.9 mm.

At both sites, geometric means of FEC of

parasites from the order Enoplida could not be

calculated, given the absence of parasites from

this order during certain months.

Site comparison and risk-factor assessment

A significant difference was found between the

two sites for parasites from the order Strongylida

(P , 0.01). No differences were found between

the sites for parasites from the order Oxyurida

(P 5 0.31).

No differences were found between females

during and outside the breeding period (P 5 0.41

for Strongylida and P 5 0.83 for Oxyurida). No

differences were found between the dry and the

wet seasons (P 5 0.46 for Strongylida and P 5

0.55 for Oxyurida).

DISCUSSION

Nematode eggs were recovered from all lemurs

at both localities and parasite–host relationship

are consistent with previous studies about

lemur health in the wild or in captivity.4–7,10,16–21,24

However, the studies that have investigated free-

ranging lemurs’ health revealed that free-ranging

lemurs harbor lower endoparasite prevalences.

That could be explained by husbandry-dependent

factors and to a lesser extent by individual

dependent factors.

Husbandry-dependent factors are housing and

feeding behavior. At both sites, the animals are

housed in outdoor cages with daily cleaning or

raking and are fed with fresh fruits and vegetables

collected from or around the zoo grounds.

The high prevalence of these parasites can be

explained by the simplicity of their presumed life

cycle, because they need no intermediate host,

Table 3. Fecal samples, percentage samples (%) with loose consistency and lemur prevalence of gastro
intestinal parasites in lemurs kept at Parc Zoologique d’Ivoloina.

Species
Varecia

variegata
Hapalemur

griseus
Prolemur

simus
Eulemur

rubriventer
Eulemur

coronatus
Eulemur macaco

flavifrons
Eulemur

fulvus

Number of animals 4 1 1 2 3 3 6

Number of samples 48 12 12 24 36 36 72

Samples with loose

consistency (%) 16 0 0 0 0 0 0

Lemurostrongylus 50 100 100 0 0 0 0

Parahabdonema 100 0 0 100 100 66 83

Lemuricola 25 100 100 100 66 100 16.6

Callistoura 50 0 0 50 66 66 83

Trichuris 0 0 0 0 0 0 0

Table 2. Fecal samples, percentage samples (%) with loose consistency, and species prevalence of
gastrointestinal parasites in lemurs kept at Parc Botanique et Zoologique de Tsimbazaza.

Species
Varecia

variegata
Hapalemur

griseus
Prolemur

simus
Eulemur

rubriventer
Eulemur

coronatus
Eulemur macaco

flavifrons
Eulemur

fulvus

Number of animals 3 1 0 3 3 4 6

Number of samples 36 12 0 36 36 48 72

Samples with loose

consistency (%) 41.6 0 0 5.5 0 0 2.7

Lemurostrongylus 66 100 0 0 0 0 0

Parahabdonema 66 0 0 100 100 75 100

Lemuricola 66 100 0 33 100 100 100

Callistoura 66 0 0 33 100 100 100

Trichuris 0 0 0 0 0 0 50
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and by the higher density of animals in captivity.

Moreover, food items are not routinely washed

before being fed to lemurs, increasing the ease of

transmission of parasites. This is especially true at

Ivoloina Zoological Park, where some of the

lemurs are free-ranging and are a continuous

source of parasites. Individual dependent factors

that may favor higher nematode burdens include

inbreeding. In other studies,8 inbred ring-tailed

lemurs were found to be more affected by

parasites than outbred ones.

The data presented here allow comparisons of

nematode fecal output between lemurs at two

zoological parks in Madagascar. The level of

infection were higher in site 2. This may be caused

by the type of enclosure (sand vs. cement

substrate) or the warmer and more humid climatic

conditions at this site. A significant difference was

found only regarding parasites from the order

Strongylida. The drier weather at Tsimbazaza

Zoological Park may explain the differences seen.

The life cycles from the two genera of parasites

from the order Strongylida have not been fully

documented; however, in related species of para-

sites, eggs are passed in the feces and hatch into an

unsheathed third-stage larvae in the environment.1

This may explain their fragility compared to the

other nematode orders.

Seasonal differences in parasite loads were not

readily apparent for either of the two sites. This

result is unexpected, because previous studies of

primate parasites from tropical countries have

documented an increase in prevalence and burden

during the rainy season.11,15 However, at both

sites, each rise in rainfall was associated with an

increase of FEC output. The captive state of these

animals and the application of a routine anthel-

mintic program at site 2 may cause some changes

on patterns of parasite prevalence. There were no

differences in parasite prevalence, abundance, or

diversity between males and females. This may be

explained by the relatively small sample size.

The presence of parasites through the year,

despite the use of parasiticide, demonstrate that

the anthelmintic program at Ivoloina Zoological

park needs to be re-evaluated by means of

therapeutical trials to assess drug efficacy and

possible nematodicide resistance of these parasites.
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