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Introduction

Foot-and-mouth disease (FMD) is caused by single-

stranded, positive sense RNA viruses that have been

shown to infect over 70 species of cloven-hoofed animals

(Hedger, 1981). Wildlife such as the African buffalo

(Syncerus caffer) is important in the maintenance and

spread of the SAT serotypes, which complicates the con-

trol of FMD in Africa. However, apart from a limited

number of species, the involvement of other free-living

species in the maintenance and spread of SAT-serotype

infections remains unclear. This uncertainty results in reg-

ulatory authorities instituting control strategies, which

may be considered by some to be overzealous. That, in

turn, renders the translocation and utilization of many

wildlife species problematic and complicates rural devel-

opment based on wildlife–domestic livestock integration.

The lack of information also has the effect of limiting

access to international markets for products derived from

livestock and wildlife (Perry and Randolph, 2003; Thom-

son et al., 2003b; Vosloo and Thomson, 2004).

African buffalo are the only wildlife species which has

been shown to be capable of maintaining the SAT sero-

types of FMD virus for extended periods of time, i.e. for

periods of several years (reviewed by Thomson and

Bastos, 2004; Vosloo and Thomson, 2004). It appears that

in southern Africa at least, buffalo is by far the most

common source of infection for other wild and domestic

species where they come into close contact (Bastos et al.,

2000; Vosloo et al., 2002, 2006).
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Summary

The potential role of giraffe (Giraffa camelopardalis) in the epidemiology and

spread of foot-and-mouth disease (FMD) SAT types was investigated by experi-

mental infection and detection of virus in excretions using virus isolation on

primary pig kidney cell cultures. In two experiments separated by a period of

24 months, groups of four animals were needle infected with a SAT-1 or SAT-

2 virus, respectively and two in-contact controls were kept with each group.

Viraemia was detected 3–9 days post-infection and virus isolated from mouth

washes and faeces only occasionally up to day 13. The SAT-1 virus was trans-

mitted to only one in-contact control animal, probably via saliva that con-

tained virus from vesicles in the mouth of a needle-infected animal. None of

the animals infected with the SAT-2 virus had any vesicles in the mouth, and

there was no evidence of transmission to the in-contact controls. No virus was

detected in probang samples for the duration of the experiments (60 days post-

infection), indicating that persistent infection probably did not establish with

either of these isolates. Giraffe most likely do not play an important role in

FMD dissemination. Transmission of infection would possibly occur only dur-

ing close contact with other animals when mouth vesicles are evident.
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Control of FMD in southern Africa is reliant on separa-

tion of potentially infected wildlife from susceptible

domestic animals using fencing and control of the move-

ment of susceptible animals and animal products. Suscep-

tible cattle populations are often vaccinated (Brückner

et al., 2002; Thomson et al., 2003a). However, more

refined management strategies that do not unnecessarily

restrict conservation and commercial exploitation of wild-

life resources are needed. The strategies must take account

of the importance of rural development in many parts of

sub-Saharan Africa where wildlife is a valuable resource. A

better understanding of the role that different species of

free-living wildlife play in the epidemiology of FMD is

necessary to develop more efficient FMD management

strategies and policies in southern Africa specifically.

Apparent clinical disease supported by sero-positive

results has been documented in giraffe (Giraffa camelo-

pardalis), and serologically positive animals have been

found in the Kruger National Park (KNP) (Records of

the Transboundary Animal Diseases Programme (TADP),

ARC-Onderstepoort Veterinary Institute and State Veteri-

narian, KNP). However, their susceptibility to infection

and ability to propagate SAT-serotype infections is

unknown. This study aimed to investigate the levels of

virus excreted by acutely infected giraffe using virus isola-

tion and the persistence of the virus in the animals after

recovery from infection.

Materials and methods

Infection experiments

The experiments were conducted strictly according to the

ethics requirements of the ARC-Onderstepoort Veterinary

Institute and were also approved by the South African

National Parks conservation and ethics committees. Two

groups of six sub-adult giraffe each ranging in age

between 14 and 24 months were used. The giraffe were

captured and kept in a quarantine area in open pens in

the endemically infected KNP and tested for antibodies to

the three SAT types at the onset of the experiment. Four

of the six animals were infected by an intramuscular

injection of 1 ml virus into the gluteal muscles and

0.1 ml into the labial gingiva of the lower lip. The

remaining two were kept as in-contact controls. One

group was infected with a SAT-1 virus previously isolated

from impala in the north of the KNP (SAR9/81

[BTY3BHK3B1BHK4B1]) with a titre of log107.0 CID50

(cattle infectious dose) and a SAT-2 virus from buffalo

(KNP19/89/2 [PK1B1]) at a titre of log106.0 CID50. Both

viruses were adapted to and titrated in cattle prior to

infecting the giraffe. The SAT-1 and SAT-2 infections

were performed 24 months apart to preclude cross-

contamination.

Sample collection for virus detection

Samples from each giraffe, including the controls, were

collected at 3-day intervals or longer (one giraffe per

day), from 3 to 18 days after inoculation and thereafter

30 and 60 days after infection. The staggered 3-day sam-

pling schedule was instituted to ensure that the animals

had sufficient time for recovery between chemical immo-

bilizations. They were immobilized with a combination of

etorphine HCL and azaperone as described by Morkel in

the Capture & Care Manual (Morkel, 1993). Blood in

EDTA and serum samples were collected from the jugular

veins. Nasal and genital swabs were taken from the nasal

passage and the preputial opening or the vestibulum of

the vagina, respectively using swabs placed in 5 ml phos-

phate-buffered saline (PBS pH7.4). Faeces (1 g) were

extracted from the rectum with a gloved finger, placed in

10 ml PBS, and the supernatant recovered. Mouth washes

were performed by inoculating 10 ml PBS into the mouth

using a syringe and recovering as much liquid as possible.

Oesophageal/pharyngeal (O/P) specimens were collected

using the method described by Sutmoller and Gaggero

(1965), and the collected sample was placed in liquid

nitrogen immediately after collection. Samples of epithe-

lial lesions were collected when present and placed in

PBS. Tonsil, retromandibular, parotid, pharyngeal, haemal

and hepatic lymph nodes were collected in PBS from

giraffe 2.5 on day 5 when it died.

Virus isolation on cell cultures

Virus isolation was performed using primary pig kidney

cell cultures according to standard procedures. If no cyto-

pathic effect (CPE) was observed after 48 h, one blind

passage was performed, and the sample was recorded as

negative if no CPE was observed after a further 48 h incu-

bation. Virus levels were expressed as log10TCID50/ml.

Serological determination of neutralizing tires

Neutralizing antibodies to SAT-1, SAT-2 and SAT-3 were

measured using the assay described by Esterhuysen et al.

(1985), and antibody levels are expressed as the reciprocal

of the 50% end-point dilution.

Results

Response of giraffe to needle infection with SAT-1 and

-2 viruses

With one exception (giraffe 2.1; 1.8 to SAT-2), all the

giraffe were negative (>1.6) for neutralizing antibodies

to the three SAT serotypes at the start of the experi-

ment The SAT-2 inoculum was administered to this
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animal to determine whether the antibodies present

would protect against infection. It developed lesions 4–

5 days later than the other needle inoculated animals

(Table 1). Typical FMD lesions were observed as early

as 2 days after infection with SAT-1. All eight giraffe

inoculated with SAT serotypes 1 or 2 developed distinct

FMD lesions on the feet. With SAT-2 infection, the

lesions were confined to the interdigital cleft and were

large, up to 7 cm in length. A similar response was

seen with the SAT-1 infection but lesions were smaller.

Small ruptured vesicles were also found on the coro-

nary band in some of the giraffe. By 30 days after

infection, the interdigital lesions had completely healed,

and growth arrest lines were present parallel to the cor-

onary band that moved distally as the hooves continued

to grow (Fig. 1).

Typical mouth lesions were only seen in the SAT-1

infection experiment. Small vesicles developed at the site

of injection into the gingiva. Vesicles ranging in size from

2 to 10 cm were also observed on the dorsum of the ton-

gue of each of the infected animals (Fig. 2). While these

lesions were present, the giraffe exhibited hypersalivation,

champing and grinding of the teeth and frequent flicking

of the tongue. None of the SAT-2-infected animals devel-

oped any mouth lesions, even at the injection site. One

of the female giraffe developed vaginitis 7 days post-

infection, but no virus could be isolated from the vaginal

swabs (results not shown).

Transmission of FMD virus from acutely infected giraffe

to in-contact giraffe

One of the two in-contact giraffe (giraffe 1.1) became

infected with SAT-1 and developed clinical signs, similar

in distribution and extent to the inoculated animals,

15 days after the inoculation of the other four giraffe and

10 days after the first appearance of virus in the excre-

tions of the infected animals (Table 1). The other in-

contact giraffe (1.5) did not develop clinical signs of

FMD and remained serologically negative to SAT-1 at the

termination of the experiment (Table 1). This animal had

a titre of 1.8 to SAT-2 at day 28, but this is probably a

non-specific result as this was the only occasion on which

measurable antibody was detected. Neither of the two

in-contact giraffe included in the SAT-2 infection experi-

ment (2.3 and 2.6) developed clinical signs, no virus was

isolated from any of the samples collected, and they were

sero-negative for SAT-2 at the termination of the experi-

ment (day 60; Table 1). A transient antibody response

was detected in one giraffe (2.3) to SAT-2 on day 10

only.

Virus isolation and serological responses

Virus was isolated from the epithelium collected from

mouth and feet vesicles in all cases (not shown). No

virus was isolated from any of the probang samples. In

Table 1. Summary of the positive virus isolation and serological results in giraffe infected with a SAT 1 and SAT 2 virus, respectively

Day first

sampled Virus isolation and titre (log10TCID/ml) Sero-conversion

SAT-1 infection

Giraffe 1.1 (in-contact) 7, 11 Day 15: mouth wash (1.2) Day 15

Giraffe 1.2 5 Day 5: mouth wash (3.5) Day 5

Giraffe 1.3 6 Day 6: mouth wash (4.0), coronary skin (1.7) Day 6

Giraffe 1.4 4 Day 4: plasma (3.0); Day 8: mouth wash (3.0) Day 8

Giraffe 1.5 (in-contact) 9 None Day 28 (SAT-2)*

Giraffe 1.6 3 Day 3: plasma (1.2) Day 3

SAT-2 infection

Giraffe 2.1� 3, 7 Day 11: plasma (3.5), Day 14: vesicle (1.7) Day 0

Giraffe 2.2 4 Day 4: plasma (2.2), Day 8: interdigital epithelium Day 8

Giraffe 2.3 (in-contact) 11 None Day 10*

Giraffe 2.4 6 Day 6: plasma (3.2), Day 9: plasma (1.6), faeces (1.6),

Day 13: faeces (1.0)

Day 9

Giraffe 2.5� 5 Day 5: interdigital skin (4.2), tonsil (1.2), retromandibular

lymph node (3.2), parotid lymph node (1.7)§
None

Giraffe 2.6 (in-contact) 11 None None

*Each animal had a titre of log10 1.8 to SAT- 2 on a single occasion, and both were serologically negative at all other samplings.
�Animal had a titre of log10 1.8 to SAT-2 at the onset of the experiment.
�Animal died at day 5.
§Plasma, mouth wash nasal swab, genital swab, faeces, pharyngeal lymph node, haemal lymph node, hepatic lymph nodes were all negative for

virus isolation.
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the SAT-1 experiment, viraemia was evident in 2 of the

infected giraffes (Table 1; nos 1.4 and 1.6) on days 4

and 3, respectively. Virus was most consistently isolated

from mouth washes between days 5–8 and in one

animal, levels reached 104 TCID/ml. One in-contact

animal also had virus present in the mouth wash at

day 15 (giraffe 1.1), but was negative for virus on all

prior sampling occasions, i.e. at days 7 and 11. Sero-

conversion occurred between days 3 and 8 in the

experimentally infected animals (1.2, 1.3, 1.4 and 1.6)

and on day 15 in one in-contact animal (1.1) and

persisted until the termination of the experiment at

day 60.

In the SAT-2 experiment, viraemia in the infected

animals was observed between 4 and 6 days after inocula-

tion, except for the animal that had a titre of 1.8 at the

onset of the experiment (giraffe 2.1), where viraemia was

evident only on day 11. Virus was isolated from faeces on

two occasions 9–13 days after infection in giraffe 2.4 only.

Sero-conversion was evident from day 8 onwards, and

antibodies to SAT-2 remained high for the duration of

the experiment (i.e. until day 60). One of the giraffe

(number 2.5) died 5 days after the commencement of the

experiment as a result of complications with immobiliza-

tion but was sero-negative at that time. Samples from this

animal were taken during the post-mortem examination,

and virus was isolated from the tonsil, retromandibular

lymph node and parotid lymph node but not from the

other samples (Table 1).

Discussion

Most experiments involving the SAT type viruses in wild-

life have been limited to inoculation of a few animals

with a limited range of virus isolates, and results should

be interpreted with caution. Because wild animals have to

be immobilized for sampling, it is not possible to sample

individual animals at frequent intervals. It is also known

that virus excretion differs between animals, depending

on the dose of virus administered, the route of infection

and the virus isolate used. However, this experiment adds

to our limited understanding of FMD in giraffe and their

(a) (b)

(c) (d)

(e) (f)

Fig. 1. Feet lesions observed in giraffe infected with SAT-1. (a) Caudal view of the coronary band at 7 days post-infection. (b) Caudal view of the

coronary band at 28 days post-infection. (c) Coronary lesions at 7 days post-infection. (d) Coronary lesions at 42 days post-infection. (e) Interdigi-

tal ruptured vesicle 7 days post-infection. (f) Coronary lesions in a field case of foot-and-mouth disease infection estimated to be 28–36 days old.
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potential role in the epidemiology of the disease in sub-

Saharan Africa.

The clinical signs observed in giraffe were similar to

those observed in other wildlife species with mouth

lesions and lesions around the coronary band and inter-

digital spaces. However, there were differences between

the two serotypes, with mouth lesions completely absent

in the SAT-2 experiment. Although lameness has on occa-

sion been observed in giraffe during some natural out-

breaks of FMD in the KNP, it was not evident in these

experiments, probably due to the flooring conditions pro-

vided to the captive giraffe (thick layer of river sand).

Recovery from clinical disease was rapid. A break in the

surface of the hoof wall and sero-conversion were the

only indications of previous disease when the experiments

were terminated after 60 days. Persistent infection of the

oro-pharyngeal mucosa was not demonstrated, i.e. all

probang samples tested were negative for infectious virus

on cell culture. However, as far as our knowledge goes,

probang sampling in giraffe has not been attempted

before, and it is therefore possible that the technique was

at fault or that virus replication sites are different in gir-

affe.

Based on these data, it seems that viraemia in giraffe

started between 3 and 4 days after needle infection and

lasted until day 9 in one individual. In cattle and African

buffalo infected with SAT-1 and SAT-2 isolates, viraemia

was detected 1–5 days after infection (Gainaru et al.,

1986). However, because of ethical considerations, giraffe

could only be handled every third day, and it is possible

that viraemia could have started earlier in some animals.

The challenge viruses were cattle-adapted which could

impact on virus replication in a new host. In addition,

primary pig kidney cells were used for isolation, and

although shown to be the most sensitive for isolations

from various species in our hands, could have had an

impact on the results. Titres during viraemia in giraffe

ranged between 1.2 and 3.5 log10TCID/ml, which were

lower than the titres observed in some cattle and buffalo

infected with SAT viruses, also determined using primary

pig kidney cells (101.3 and 104.8/ml) (Gainaru et al.,

1986).

Virus was only detected in the mouth washes of giraffe

infected with SAT-1 and where mouth lesions were

observed. The virus probably originated from vesicular

fluid of ruptured vesicles, because the animals infected

with SAT-2 had no mouth lesions and no detectable virus

in the mouth wash. The virus titres in mouth washes var-

ied between 1.2 and 4 log10TCID/ml and lasted up to

6 days, except in one in-contact animal (giraffe 1.1)

where it was detected at day 15, probably due to the later

onset of disease (Table 1). Similar titres were observed in

the saliva of cattle and buffalo infected with SAT type

viruses, but the cattle had mouth lesions while the buffalo

did not (Gainaru et al., 1986). The presence of virus in

the mouth wash in the infected giraffe was most probably

the source of infection for the in-contact animal, as

no transmission occurred with the SAT-2-infected

giraffe where no mouth lesions or virus in washes were

observed. Transmission under these circumstances seems

(a) (b)

(c) (d)

Fig. 2. Tongue lesions observed in giraffe infected with SAT-1. (a) Vesicles observed on the dorsal side of the tongue 4 days post-infection. (b)

Sloughing of tongue epithelium 6 days post-infection. (c) Sloughing of tongue epithelium 8 days post-infection. (d) Sloughing of tongue epithe-

lium 10 days post-infection.
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to be inefficient, as only one of the in-contact animals

became infected with SAT-1, and none with SAT2.

Virus was isolated from faeces from giraffe 2.4 in the

SAT-2 experiment at low levels that lasted up to 13 days

after infection. Although faecal excretion has also been

found in acutely infected buffalo, it is probably a rare

occurrence, while in cattle no SAT-1 and SAT-2 virus was

found in faeces (Gainaru et al., 1986). Excretion of virus

in faeces may serve as a source of virus in the field, but

the levels detected were low and, because faecal balls dry

quickly, any virus present would probably be rapidly inac-

tivated.

The low antibody level to SAT-2 detected in one giraffe

prior to the commencement of the experiment appeared

to confer some protection because viraemia in this animal

was delayed for at least 5 days compared to the other

needle-infected cohorts. However, the animal did finally

succumb to clinical disease. The transient heterologous

serological reactions of one animal in the SAT-1 and one

in the SAT-2 experiment could be because of non-specific

reactions, as these were observed for only one sampling

period. All the other animals still had high antibody levels

60 days after infection. It is also possible that these could

be an anamnestic response to previous infection where

antibody levels have waned.

This limited study shows that giraffe are susceptible to

FMD virus infection, and although this study was based

on a small number of animals and only two virus sero-

types, it seems unlikely that they play an important role

in maintaining and spreading the infection in the wild.
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