
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



www.elsevier.com/locate/vetpar

Veterinary Parasitology 145 (2007) 37–44
Infection of dogs by experimental inoculation with human isolates

of Giardia duodenalis: Clinical and laboratory manifestations

L.A.G. Rosa a, M.A. Gomes c, A.V. Mundim b, M.J.S. Mundim a, E.L. Pozzer b,
E.S.M. Faria a, J.C. Viana c, M.C. Cury a,*

a Laboratory of Parasitology, Institute of Biomedical Sciences, Federal University of Uberlândia (UFU), MG, Brazil
b Faculty of Veterinary Medicine, Federal University of Uberlândia (UFU), Uberlândia, MG, Brazil

c Department of Parasitology, Laboratory of Amebiasis, Institute of Biomedical Sciences,

Federal University of Minas Gerais (UFMG), Belo Horizonte, MG, Brazil

Received 17 August 2005; received in revised form 18 November 2006; accepted 21 November 2006
Abstract
The susceptibility of dogs to experimental inoculation with trophozoites and cysts of human isolates of Giardia duodenalis and

the clinical and laboratory profiles of infection of these animals were studied. Two groups (A and B), each comprising three dogs,

were inoculated with G. duodenalis trophozoites and cysts, respectively. A third group of two dogs was not inoculated and remained

as control. After inoculation feces were collected daily to determine the pre-patent period, by flotation in 33% zinc sulfate solution.

Blood samples (5 mL) were collected from animals at 15-day intervals during the 165 days of the experimental period and were

used to carry out the hemogram and biochemical evaluation of the levels of total protein, albumin, alanine aminotransferase, gamma

glutamyltransferase, urea and creatinine. A prepatent period was observed at 5–6 days post-inoculation (p.i.) in the inoculated dogs,

with cysts eliminated for approximately 3 months. No alterations were seen in the clinical parameters evaluated. Anemia was

observed at 15 p.i. in the inoculated dogs. The mean eosinophil count of inoculated groups was higher than that of the control

( p � 0.05) but none of the biochemical parameters analyzed presented significant differences. The results of this study show that G.

duodenalis from human isolates is able to infect dogs with minimal systemic manifestations without producing clinical signs of

giardiasis.
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1. Introduction

Giardia is a common and well-known enteric

parasite. Giardiasis is considered to be the main non-

viral cause of diarrhea in humans worldwide and has
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Parasitologia, Instituto de Ciências Biomédicas, Universidade Federal

de Uberlândia, Bairro Umuarama, Uberlândia, Minas Gerais, Brazil.

Tel.: +55 34 3218 2198; fax: +55 34 3218 2333.

E-mail address: cury@umuarama.ufu.br (M.C. Cury).

0304-4017/$ – see front matter # 2006 Elsevier B.V. All rights reserved.

doi:10.1016/j.vetpar.2006.11.016
been identified as responsible for epidemics both in

developed and developing countries (Thompson et al.,

2000; Lane and Lloyd, 2002).

Members of the genus are ubiquitous and non-

invasive, living and multiplying by asexual reproduc-

tion on the lumenal surface of the small intestine in

several vertebrate species (Thompson et al., 2000;

Thompson, 2004). Of all the species of the genus,

Giardia duodenalis (syn. G. intestinalis, G. lamblia) is

the only one encountered both in humans and other

species, including dogs, cats, bovines, pigs, sheep and

equines (Thompson et al., 2000; Thompson, 2004).
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Transmission occurs through ingestion of cysts elimi-

nated in the feces of infected individuals (Monis and

Thompson, 2003). Contagion between dogs occurs

through direct animal–animal contact, especially

among animals in boarding or breeding kennels, or

indirectly from cysts present in the environment, water

or food.

Most infected dogs are asymptomatic and when

symptoms occur these may be constant or intermittent,

including acute or chronic diarrhea, loss of weight

despite normal appetite and, more rarely, vomiting and

lethargy (Leib and Zajac, 1999). Giardiasis is generally

controlled by the healthy immune system but may be

fatal in individuals with compromised immunity (Lane

and Lloyd, 2002).

Giardiasis has a cosmopolitan distribution with

prevalence of approximately 10% in well-treated dogs,

30–50% in puppies and up to 100% in boarding and

breeding kennels (Barr and Bowman, 1994). The

reported prevalence in dogs varies according to

geographical location, differences in definition of the

study population, different methods used to determine

prevalence and diagnosis, difficulty in the identification

of the cysts and intermittent elimination of the parasite

(Jacobs et al., 2001).

The G. duodenalis genotypes found in humans also

occur in dogs, so that infection may be zoonotic (Van

Keulen et al., 1995; Van Keulen et al., 2002). Despite

this zoonotic potential being recognized, the conditions

necessary for transmission remain unclear (Thompson,

2004). Dog carriers of G. duodenalis could function as

reservoirs and act as a potential source of infection for

humans and other animals (Anderson et al., 2004;

Thompson, 2004). Several G. duodenalis isolates that

affect humans may be transmitted experimentally to

various animal species, although the specific role of the

dog in the epidemiology of human giardiasis still needs

to be established (Monis and Thompson, 2003).

The objective of the present study was to determine

the susceptibility of dogs to experimental infection with

cysts and trophozoites from human isolates of G.

duodenalis and observe possible clinical and laboratory

alterations in these animals.

2. Materials and methods

Eight cross-bred dogs from the same litter, 5-month-

old, of both sexes, were used in the experiments. All the

dogs were monitored from birth and maintained in the

kennel of the Veterinary Hospital of the Federal

University of Uberlândia. They were housed in

individual roofed, concrete compartments, cleaned daily
with detergent and 1% sodium hypochlorite solution. All

the food and water bowls of the dogs were cleaned daily

using filtered water as a rinse. Food (commercial dog

chow) was provided twice daily, as well as mineral water

which was also changed twice daily.

Clinical and laboratory examinations were carried

out prior to the experiment to observe the physical

conditions of the animals. Fecal samples were collected

to look for eggs and larvae of helminths and cysts of G.

duodenalis. All the dogs were negative for G.

duodenalis and three were positive for Toxocara canis.

The animals were treated with anthelmintic drugs in two

doses at 21-day intervals (5.0 mg Praziquantel, 14.4 mg

Pyrantel and 15 mg/kg Febantel). Additional parasito-

logical exams were performed at 7-day intervals to

confirm that they remained free of parasites.

All of the dogs were immunized against adeno-

virus, coronavirus, distemper, leptospirosis, parainph-

luenza and parvovirus (Quantum1 Dog DA2PPP

vLCv, Schering Plough, Omaha, USA), three doses

being administered at monthly intervals. They were

also vaccinated against rabies (Quantum1 Dog R,

Schering Plough, Omaha, NE, E.U.A). All the dogs

completed vaccination before the experimental period

was initiated.

Dogs were divided at random into three groups (A, B

and C), groups A and B with three animals and group C

with two. Group A was inoculated orally with 3 mL of

TYI-S-33 medium with 1.35 � 106 Giardia tropho-

zoites and group B 3mL of TYI-S-33 medium with

1.35 � 103 Giardia cysts. Group C was inoculated 3 mL

of TYI-S-33 medium without Giardia and provided a

control for the experiment.

The cysts were collected from the feces of naturally

infected children attending day care institutions. These

children presented symptoms of giardiaisis or chronic

elimination of cysts. The cysts were isolated according

to the technique of Roberts-Thomson et al. (1976), with

adaptations. Trophozoites were obtained from culture

maintained in TYI-S-33 medium supplemented with

bovine serum (Diamond et al., 1978; Keister, 1983) in

the Amebiasis Laboratory of Department of Parasitol-

ogy of Federal University of Minas Gerais, Brazil and

characterized as Portland 1 (ATCC 30888).

After inoculation, feces of dogs were collected daily

and examined by flotation in 33% zinc sulfate solution

(Faust et al., 1938) to detect cysts and determine the

prepatent period. Once cysts appeared in the feces,

collections were performed at weekly intervals

throughout the 165 days of the experimental period.

The cysts were quantified by a technique adapted from

that of Roberts-Thomson et al. (1976).
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Clinical examinations were carried out on all the

dogs, 2 days before inoculation (day 2), on the day of

inoculation and thereafter at 7-day intervals at

08:00a.m.–12:00a.m. throughout the 165 days of the

experimental period, the animals always being exam-

ined in the same sequence. This involved monitoring

weight, rectal temperature, femoral pulse and heart

rate, cardiac and pulmonary auscultation, and palpation

of the lymph nodes and abdomen. The aspect,

proportion and consistency of the feces were evaluated

twice daily during the cleaning of the individual

kennels.

Samples of 5 mL of blood were obtained by

atraumatic jugular venipuncture of each animal, using

a sterile disposable syringe. Two milliliters of the

sample in EDTA were used to carry out the complete
Fig. 1. Quantity of Giardia duodenalis cysts identified individually in the fe

with cysts (GB), determined through the parasitological examination of zin
hemogram by the conventional technique of Dace and

Lewis (1984). Red and white blood cell counts were

processed in an automatic cell counter (CELM1 CC

510). Hemoglobinometry was carried out by the

cyanometahemoglobin method on a CELM1 Hb 520

hemoglobinometer and the hematocrit calculated by the

microhematocrit method. The hematimetric indices of

mean globular volume (MGV), mean globular hemo-

globin (MGH) and mean globular hemoglobin con-

centration (MGHC) were calculated according to Jain

(1986).

The differential leukocyte count was carried out on

blood films stained by May-Grunwald-Giemsa to

establish the percentages of each cell type (relative

values) and transform them into absolute numbers

(Ferreira Neto et al., 1981).
ces of inoculated dogs with trophozoites (GA) and of inoculated dogs

c sulfate flotation a 33% (Faust et al., 1938).



L.A.G. Rosa et al. / Veterinary Parasitology 145 (2007) 37–4440
The remaining 3 mL of without anticoagulant blood

was centrifuged at 700 � g during 15 min. The serum

obtained was used for the biochemical tests, including

total protein, albumin, alanine aminotransferase,

gamma glutamyltransferase, urea and creatinine, using

the standard commercial kit (Labtest1 Diagnóstica S/

A) and a COBAS1 MIRA/PLUS automatic biochem-

ical analyzer (Roche Diagnostic, Inc., Branchburg, NJ).

Blood samples were obtained 2 days before inoculation,
Fig. 2. Average values of erythrocytes (A), hemoglobin (B) and hematocrit

dogs with cysts of Giardia duodenalis. The symbol (*) represents significa
on the day of inoculation and at 15-day intervals during

the 165 days of the experimental period.

Comparisons between groups A, B and C were

carried out based on the days post-inoculation (p.i.).

Parameters were analyzed by Mann–Whitney U-test

and Student’s t-test. Results were considered to be

statistically significant at p � 0.05. The GraphPad

Prism1 Version 4.00 program (GraphPad Software,

Inc.) was used for statistical calculations.
(C) in control dogs, inoculated dogs with trophozoites and inoculated

nt difference between groups ( p � 0.05).
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3. Results

Cysts were detected in the feces from the fifth day

post-inoculation (p.i.) onwards in most dogs inoculated

with cysts and trophozoites, except dog 3 of group A

which presented cysts in the feces at 6 p.i.

The dogs of groups A and B presented positive

results for G. duodenalis up to 49 p.i., alternation of

positive and negative results with variable production of

cysts being observed from this day onwards.

The dogs of group A demonstrated negative results

between 91 and 105 p.i., thereafter presenting positive

results up to 140 p.i. again. Cysts were not detected in

the feces starting from 140 p.i. in the dogs of group A

and starting from 112 p.i. in group B, with results

remaining negative until the end of the experimental

period (Fig. 1).
Fig. 3. Average values of immature neutrophils (A) and segmented neutrophi

dogs with cysts of Giardia duodenalis. The symbol (*) represents significa
No alterations were observed in physical parameters

analyzed.

Significant differences were observed in values of

red blood cell counts, hemoglobin and hematocrit for

dogs of group A compared to those of groups B and

control (Fig. 2), principally at 15 p.i. ( p � 0.05). The

hematimetric indices of MGV, MGH and MGHC did

not present significant differences.

The mean values of immature neutrophils of group B

were significantly greater than those of the groups A and

control at 15, 60, 75 and 165 p.i. ( p � 0.05) although no

differences were seen for segmented neutrophils

(Fig. 3).

The mean values of eosinophils in dogs of groups A

and B (Fig. 4) were both significantly higher than

those of the control group at 120, 135 and 165 p.i.

( p � 0.05).
ls (B) in control dogs, inoculated dogs with trophozoites and inoculated

nt difference between groups ( p � 0.05).
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Fig. 4. Average eosinophils values in control dogs, inoculated dogs with trophozoites and inoculated dogs with cysts of Giardia duodenalis. The

symbol (*) represents significant difference between groups ( p � 0.05).
Biochemical analyses of total protein, albumin,

alanine aminotransferase, gamma glutamyltransferase,

urea and creatinine revealed no statistically significant

differences between the groups.

4. Discussion

Although investigations on interspecies transmis-

sion, principally between humans and other mammals,

have been carried out for more than 80 years (Hegner,

1926; Padchenko and Stolyarchuk, 1969; Hewlett et al.,

1982), most have obtained inconclusive results and have

not clarified points related to infectivity, pathogenic

pattern and the real epidemiological importance of

small animals in human infections.

The results of experimental transmission studies

have been questioned due to the uncertainty of the

animals being free of Giardia, the common use of cysts

in quantities that do not represent natural infections, and

the use of isolates from axenic cultures that could

reduce virulence (Thompson et al., 2000; Monis and

Thompson, 2003). However, it should be emphasized

that the lack of success in some experiments could be

related not only to the above problems, but also to

genetic diversity, differences in the viability of the cysts,

variation in the immune response of the experimental

host or even in the sensitivity in the technique for cyst

detection (Faubert, 2000; Monis and Thompson, 2003;

Thompson, 2004). Despite these controversies, these

studies remain as sources of information on the

epidemiological and zoonotic perspectives of G.

duodenalis transmission.
The results of the present study confirm that dogs can

be infected with genotypically uncharacterized cysts

from human and by axenic cultures of molecularly

characterized G. duodenalis trophozoites. The tropho-

zoite is not usually considered to be involved in

transmission although infection by this form is possible.

Hewlett et al. (1982) suggested that the trophozoite

could be infective and that cysts from different people

or animals, or even those produced on different days,

varied in infectivity.

The prepatent period of 5–6 days encountered in the

present study was concordant with those observed by

Barlough (1979), Hewlett et al. (1982), Kirkpatrick

(1987), Zajac (1992) and Bordeau (1993), where dogs

infected both naturally and experimentally demon-

strated prepatent periods of 5–16 days. Differences

between the forms and quantities of the protozoan used

for each group did not influence the prepatent period.

The intermittent elimination of cysts over approxi-

mately 3 months demonstrated that dogs may be

susceptible to human isolates of G. duodenalis and

possibly act as carriers. Intermittent cyst elimination

was described by Bemrick (1963), Barr and Bowman

(1994) and Zajac et al. (2002). This pattern of

elimination, together with the low sensitivity of

detection by conventional methods, underestimates

the real prevalence of G. duodenalis in animals held in

groups (Thompson, 2004).

Little information is available on the behavior of G.

duodenalis and the duration of infection in dogs. In this

study dogs inoculated with trophozoites (Fig. 1)

presented negative results from 91 to 105 p.i. becoming
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positive again soon afterwards. Bemrick (1963) noted

that the cysts apparently disappeared spontaneously and

this may be characteristic natural behavior of the

parasite. This behavior may explain false-negative

diagnoses or under-estimations. Bemrick (1963) noted

that although some animals may develop persistent

infections and the possibility of re-infection cannot be

rejected. In this study it should be emphasized that

hygiene, water quality, food and environmental condi-

tions were controlled throughout the experimental

period, to avoid contamination and re-infection. Zajac

et al. (1992) observed experimentally infected dogs to

be positive after treatment and suggested that they

suppressed parasite levels, with latent potential for

recrudescence of infection. However, the possibility of

re-infection cannot be rejected. In this case, it is

possible that treatment eliminates infection but does not

confer immunity.

The absence of significant clinical signs in experi-

mentally inoculated dogs agrees with the observations

of several authors who commented on the asymptomatic

nature of infection in most dogs with giardiasis (Leib

and Zajac, 1999; Anderson et al., 2004; Thompson,

2004). However clinical giardiasis is reported and is

associated with dogs (Leib and Zajac, 1995). The

factors that determine the pathogenicity of infection are

poorly understood, but clinical disease may be

associated with the number or altered distribution of

trophozoites in the duodenal mucosa (Zajac, 1992). It is

also possible that human isolates used in these studies

did not produce significant pathogenicity in dogs.

Based on the results of the red blood cell data, it was

observed that dogs inoculated with trophozoites

presented discrete anemia at 15 p.i., suggesting an

association between G. duodenalis and nutrient

deficiency. Studies such as those of Olivares et al.

(2002), Olivares et al. (2004) and Heazlewood (1987),

reported deficiencies of iron, Vitamin B12 and folic acid

in people infected with G. duodenalis. However, the

mechanism that the parasite uses to promote these

alterations in humans is unclear. There is no information

in the literature on deficiencies in iron, Vitamin B12 and

folic acid in dogs with giardiasis. The profile of anemia

and the lower mean values of group A in relation to the

other groups may be related to the type of inoculum

administered and/or the numbers of the form inoculated,

which could result in the development of pathogenicity.

Another possibility is that a physical barrier was created

between the intestinal epithelium and lumen, resulting

from rapid multiplication of the trophozoites by binary

fission and interfering with nutrient absorption (Fau-

bert, 2000).
With respect to the differential leukocyte count, the

kinetics of immature and segmented neutrophils

presented inverse profiles at 15 p.i., suggesting

migration of segmented neutrophils to the tissues

and the rapid liberation of band neutrophils into the

peripheral blood (Fig. 3). Neutrophils are attracted to

the tissues in response to stimuli from the inflamed

area, influencing the number of these cells in the

circulating blood, as well as the liberation of immature

neutrophils. These neutrophils that migrate to the

tissues do not return to the circulating blood but are

directed to organs such as the lungs, intestinal tract,

liver and spleen (Osgood, 1954). The presence of G.

duodenalis in the intestinal tract is associated with the

development of the inflammatory process in the

epithelium (Jimenez et al., 2004), which could have

influenced in the dynamics of the neutrophils observed

in the present study.

According to Jain (1986), eosinophils are present in

the blood and tissues, predominantly the skin, lungs,

intestines and urogenital tract, their numbers generally

being proportional to the degree of antigenic stimula-

tion and resulting principally from the presence of

parasites. Bordeau (1993) described dogs with giardia-

sis as presenting a tendency to eosinophilia. Although

our results cannot be characterized as demonstrating

absolute eosinophilia, the oscillations observed in

groups A and B relative to the control may be

associated with the presence of G. duodenalis,

principally at 15 p.i., and thus concurrent with observed

alterations in the erythrogram. Studies with mice

inoculated with G. duodenalis demonstrate that

eosinophils participate actively in the host immune

response (Jimenez et al., 2004).

The biochemical parameters analyzed for total

proteins, albumin, alanine aminotransferase, gamma

glutamyltransferase, urea and creatinine did not present

alterations or statistically significant differences that

could be associated with G. duodenalis in the inoculated

dogs. There are no reports in the literature on the blood

biochemical profile in dogs inoculated with G.

duodenalis.

The results of the present study suggest that

trophozoites of G. duodenalis genetically defined as

Portland 1 (ATCC 30888) from human isolates, as

well as those uncharacterized isolates from children

with clinical giardiasis and chronic cyst elimination,

were able to infect dogs without producing disease

symptoms, with minimal systemic manifestations.

Elimination of cysts during the experimental period

proves that infection by human isolates is not

restricted to humans and dogs can be infected with
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G. duodenalis. More detailed studies are needed on

the role of dogs and other animals in the transmission

of the protozoan.
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