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Abstract

Animal models are being developed for testing different vaccine candidates as well as testing of new antituber-
cular since a long time. Mice, guinea pigs and rabbits are animals which are frequently used. Though each
model has got its merits as well as demerits and each of them differ from human tuberculosis in one aspect or
the other but none of the model completely mimics the human disease. Out of the different animal species,
guinea pig model is one of the better models as it is very sensitive to M. tuberculosis infection but it has certain
limitations like paucity of immunological reagents. However, it is the best model for tuberculosis research.
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INTRODUCTION

In the 19th and 20th century, the guinea pig ( Cavea
porcellus) was the most popular experimental model
for studying the infectious diseases like tuberculosis
and diphtheria. By using guinea pig model, Robert
Koch could develop the postulates of infectious dis-
ease etiology, essential for identifying the causative

121 He also used guinea

agent of infectious disease
pigs in his classical experiments establishing that
Mycobacterium tuberculosis as the causative agent of
tuberculosis. The recent taxonomical studies have
changed its position from class rodents to non ro-
41 This is a better representative model of
human infection than mouse>*'. Sisk'”) narrated

number of similarities between humans and the

dents

guinea pigs which have direct or indirect bearing on
the relevance of guinea pig as a model of infectious
disease. The two species resemble with each other
with regard to hormonal and immunological respon-

[8-11] . [12,13] .
ses , physiology of pulmonary tract , corti-

coid resistance' ™ | need for exogenous supply of As-
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corbic acid"™'®" and delayed type hypersensitivity
(DTH) after exposure to infection""

Tuberculosis is one of the most important bacte-
rial disease that has been well characterized """
For creating this model, the animals are exposed to a
small number of bacilli ( 10-50CFU ) by aerosol
route, a situation resembling human transmission.
Extensive research conducted with this model indi-
cates that the guinea pig is good model for primary
human tuberculosis due to its extreme susceptibility
to the infection, resembling symptoms and patholo-
gy, DTH response, good recovery after standard oral
chemotherapies and excellent protection against tu-
berculosis ( TB ) after immunization with Bacille-
Calmette Guerin( BCG) vaccine!' 7"
nitis is also common in guinea pigs like children in-
fected with tuberculosis bacilli"™’. This model has
also helped in understanding the effects of malnutri-

. Lymphade-

tion which is a risk factor among the human popula-
tions. The protein malnourished guinea pigs infected
with mycobacteria showed many immunological defi-
cits like loss of protection following BCG vaccina-

2124 However, contrary to the humans, the

tion
liquefication and cavitation of pulmonary granulomas
within infected lung tissues are rarely seen in guinea
pigs[ll, 18]

of the disease

and the animals never show the latent form

1221 During last 50 years, this model
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has facilitated in understanding the fundamental re-
lationship between the TB bacilli and the human
host. The early studies on pathogenesis of experi-
mental tuberculosis in control and vaccinated guinea
pigs showed that the previous exposure of animals to
mycobacterial antigens led to delayed type of hyper-
sensitivity resulting in lesser accumulation of the ba-

12738 The interaction be-

[29]

cilli in the lung tissues
tween tubercle bacilli and host phagocytic cells
and potential role of the mycobacterial constituents
as virulence factors have also been studied in guinea
pig model only "

Guinea pig model has been extensively used in
testing the biological reagents as well as drugs a-
gainst tuberculosis. Guinea pigs respond quite well
against anti-TB antibiotics and hence widely used to
test the new drugs or the drug combinations' ™.
With the increasing number of multi drug resistant
strains of M. tuberculosis, this model will be of im-
mense importance in search for new and efficient anti
4 PA-824, the most promis-

ing new drug candidate of recent time, was found to

-mycobacterial drugs

be efficacious in guinea pig model of low dose pul-
monary infection ™. The tuberculosis infected
guinea pig has been considered the gold standard for
preclinical testing of the novel drugs and candidate

[36,37]

vaccines , various methods of delivery and the

biological standardization of tuberculins for use in

3831 There is a need to develop

human skin testing
improved drug regimens and preventive vaccines as
the administration of present chemotherapeutic a-
gents cause hepatotoxicity and poor patient compli-
ance ™. Some studies have also been conducted so
as to evaluate the aerosolized administration of the
anti-tubercular drugs rather than the oral route in

1'3) " The results from these stud-

guinea pig mode
ies indicated that this mode resulted in reducing the
bacillary load in the lungs. BCG is presently the on-
ly vaccine available for prevention against tuberculo-
sis. However it is highly controversial due to varia-

ble protective efficacy in different human popula-
4446

tions" Hence this model has been tried to test
various novel adjuvants and vaccine testing . Many
type of vaccines have been tested in this model in-

cluding non-viable bacilli"”’ attenuated mycobacte-

ria*®! | recombinant BCG strains'*“**! | recombinant
proteins  /peptide  vaccines'™*™' | DNA  vac-
cines”™ | auxotrophs and gene-knockout mu-
tants"**" and other mycobacteria'®'. The guinea

(©2009. Asian Pacific Journal of Tropical Medicine.

pigs exhibit DTH response against these vaccines
which is measured by skin induration test after intra-
dermal injection' "',

Besides the primary pulmonary tuberculosis,
this model has helped in understanding the other
forms of the disease like tuberculous pleuritis, exog-
enous re-infection and endogenous reactivation. In-
traplural injection of either BCG'® or heat killed
M. tuberculosis'®

pigs. Exogenous re-infection has also been studied

induced pleuritis in guinea

in guinea pigs but the re-infection by pulmonary
route with virulent M. tuberculosis of guinea pigs pre-
viously infected with non- tuberculous mycobacteria
(NTM) or low virulent clinical isolates failed to ex-

! but showed
The re-infected animals responded

acerbate the disease like the humans
protectionm’m .
better to the second challenge of virulent bacilli than
those infected for the first time under uniform condi-
tions . Further the protective effect of a prior pulmo-
nary exposure to a low virulent isolate was greatly
impaired by protein deficiency ”*'. Guinea pig model
of endogenous reactivation will help us in better un-
derstanding the factors associated with persistence of
tuberculosis bacilli in tissues as well as the events
that convert the dormant to active mycobacteria and
allow their multiplication in large number. Though
limited data is available on reactivation of tuberculo-
sis in guinea pig model, Smith and Wiegeshaus'™’
has described the protocol for development of this
model.

Besides the good model for testing the new can-
didate vaccines and new anti-tubercular drugs, this
model has been helpful for elucidation of the immune
response to infection and the basis for protective
effects of the BCG. Number of scientists have repor-
ted that due to lack of the immunologic reagents for
guinea pigs, adequate immunological studies can not
infected

be made in tuberculosis

. [11,18,25,36,74]
p1gs

merous attempts have been made by the scientists to

guinea
. Just to tackle this situation, nu-

! develop recombinant cyto-
80-82]

perform bioassays' "’

[77-81]

kines as well as develop antibodies' and an-

[81

tiserum'*"’ against these immune-mediators. Number

of molecular techniques like Real time PCR for de-

termination of cytokine and chemokine m-RNA lev-

[83-85]

els , semi-quantitative PCR for RNA extrac-

tion"**"" and Southern and Northern blot analyses
for studying gene expression ™™’ and Microarray -
1]

mRNA expression data'”’ have further helped in

e 77 .
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better understanding of the immunology of tuberculo-

sis in M. tuberculosis infected guinea pigs .

guinea pig models suffers from ;

Inspite of all the recent developments , the

(1) Lack of readily

available immunological reagents required for quali-

tative and quantitative evaluation of immune respon-

ses; (ii) High cost involved in rearing guinea pigs
under BSL-3 conditions ; (iii) Requirement of good

husbandry practices needed for rearing this species.

However, the biological relevance of this species
outweighs these limitations and efforts are needed to

improve this model further.
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