Received: 13 January 2021 Accepted: 3 March 2021

DOI: 10.1002/ame2.12164

ORIGINAL ARTICLE

Group A streptococcal antigen exposed rat model to
investigate neurobehavioral and cardiac complications
associated with post-streptococcal autoimmune sequelae

Rukshan A. M. Rafeek?

| Catherine M. Lobbe! | Ethan C. Wilkinson® |

Adam S. Hamlin® | Nicholas M. Andronicos’ | David J. McMillan®? |
Kadaba S. Sriprakash® | Natkunam Ketheesan'

1School of Science & Technology, University
of New England, Armidale, NSW, Australia

2School of Science, Technology, Engineering
and Genecology Research Centre, University
of the Sunshine Coast, Maroochydore DC,
QLD, Australia

3QIMR Berghofer Medical Research
Institute, Herston, QLD, Australia

Correspondence

Natkunam Ketheesan, University of New
England, Armidale, Australia.

Email: nkethees@une.edu.au

Funding information

RAM Rafeek is recipient of International
Postgraduate Research Award (IPRA) from
University of New England. CM Lobbe
and E. Wilkinson are recipients of student
scholarship from the Royal College of
Pathologists of Australasia (RCPA).

Abstract

Background: The neuropsychiatric disorders due to post-streptococcal autoimmune
complications such as Sydenham's chorea (SC) are associated with acute rheumatic
fever and rheumatic heart disease (ARF/RHD). An animal model that exhibits char-
acteristics of both cardiac and neurobehavioral defects in ARF/RHD would be an
important adjunct for future studies. Since age, gender, strain differences, and geno-
types impact on the development of autoimmunity, we investigated the behavior
of male and female Wistar and Lewis rat strains in two age cohorts (<6 weeks and
>12 weeks) under normal husbandry conditions and following exposure to group A
streptococcus (GAS).

Methods: Standard behavioral assessments were performed to determine the impair-
ments in fine motor control (food manipulation test), gait and balance (beam walk-
ing test), and obsessive-compulsive behavior (grooming and marble burying tests).
Furthermore, electrocardiography, histology, and behavioral assessments were per-
formed on male and female Lewis rats injected with GAS antigens.

Results: For control Lewis rats there were no significant age and gender dependent
differences in marble burying, food manipulation, beam walking and grooming be-
haviors. In contrast significant age-dependent differences were observed in Wistar
rats in all the behavioral tests except for food manipulation. Therefore, Lewis rats
were selected for further experiments to determine the effect of GAS. After ex-
posure to GAS, Lewis rats demonstrated neurobehavioral abnormalities and cardiac
pathology akin to SC and ARF/RHD, respectively.

Conclusion: We have characterised a new model that provides longitudinal stability
of age-dependent behavior, to simultaneously investigate both neurobehavioral and

cardiac abnormalities associated with post-streptococcal complications.
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1 | INTRODUCTION

Human infections with Streptococcus pyogenes (group A streptococ-
cus, GAS) constitute up to 700 million cases annually.! Repeated
or untreated GAS infections may trigger autoimmune diseases in-
cluding acute rheumatic fever (ARF), which could lead to rheumatic
heart disease (RHD), acute post-streptococcal glomerulonephritis
(APSGN) and paediatric autoimmune neuropsychiatric disorders
associated with streptococcal infections (PANDAS) in children and
young adults.>® Sydenham chorea (SC), a neurological manifestation
observed in a proportion of patients with ARF is also presumed to
be immune-mediated.® Manifestations of ARF/RHD occur due to
inflammatory changes to the heart, brain, joint, and connective tis-
sue.? A patient with ARF can have both carditis and neurobehavioral
complications simultaneously or these can be separate. Indeed SC,
which manifests in movement disorder, is one of the major criteria
for ARF diagnosis.*” In contrast PANDAS is characterised by a sud-
den onset of obsessive-compulsive disorder (OCD) associated with
GAS infection.® The mechanisms behind these neurobehavioral syn-
dromes remain unclear.” However, it has been shown that antibodies
against GAS cross-react with neurotransmitter receptor (D1 and D2
dopamine receptors) signaling kinases and ion channels, located pri-
marily in striatal regions of the basal ganglia in susceptible hosts, due
to antigen molecular mimicry.®

Post-streptococcal autoimmune complications are uniquely
human conditions and modeling of these symptoms in animals is chal-
lenging. To date, a limited number of animal models of GAS related
neurobehavioral disorders have been reported.”** Rodent models
have been invaluable in studying mechanism of complex patholo-
gies of post-streptococcal sequelae including RHD,*>?° APSGN?23
and SC/PANDAS.”* Both Wistar and Lewis rats have been used to
examine autoimmune diseases and behavioral changes. For exam-
ple, Wistar rats have been used to investigate autoimmune diseases
including spontaneous thyroiditis,?* type Il collagen-induced arthri-
tis, 2> autoimmune pancreatitis?® and autoimmune encephalomyeli-
tis,?” and neurobehavioral changes such as anxiety,28 epilepsy,29
post-traumatic stress®® and complications of meningitis.31 Lewis rats
have been used to investigate experimental autoimmune enceph-
alitis,? multiple sclerosis.®® and post-streptococcal autoimmune
diseases., 1121520 However, no animal models have been used to si-
multaneously assess neurobehavioral and cardiac complications as-
sociated with post-streptococcal autoimmune complications. Since
genotypes, gender and age affect the development of autoimmune
complications,?* identification of an appropriate animal model is im-
portant to investigate the pathogenesis of post-streptococcal com-
plications. Hence, firstly, we assessed Wistar and Lewis rat strains to

determine whether one or both are suitable to study GAS associated

neurobehavioral disorders by assessing the longitudinal responses of
rats that were raised under normal husbandry conditions using stan-
dardised behavioral tests. We found that Lewis rats demonstrate no
age-related effects and hence are more suitable for our study. Then,
using both male and female Lewis rats, we simultaneously demon-
strated both neurobehavioral changes and cardiac abnormalities
subsequent to GAS injection. We herein also demonstrate that our
Lewis rat model is well suited to investigate neurobehavioral and
electrocardiographic and inflammatory changes in cardiac tissues,
enabling future longitudinal studies on immunopathogenesis and in-
vestigation of novel treatment modalities, and therefore provides a

realistic model for testing vaccine safety and efficacy.

2 | METHODS

All animal experiments were conducted in accordance with national
guidelines for the care and use of laboratory animals. These experi-
mental protocols were approved by the Animal Ethics Committee of
University of New England (AEC18-092; 19-013).

2.1 | Animals and behavioral tests

Six- and twelve-week-old Wistar (Crl:WI) and Lewis rats (LEW/Crl)
(both male and female) were purchased from the Centre for Animal
Research and Teaching, University of New England. All animals used
in this study were experimentally naive; they were housed three per
cage and kept in a controlled environment maintained at a constant
temperature (20-22°C) and humidity (50%) with access to labora-
tory rodent chow (Gordon's Premium Rat & Mouse Pellets, Australia)
and water ad libitum. The following behavioral tests were performed
using 5 male and 5 female 6- and 12-week-old Wistar and Lewis rats.
The grooming test and food manipulation tests were conducted
under infrared light while the beam walking and marble burying test
were conducted in normal light. The marble burying test was manu-
ally analysed by a researcher. All other sessions were manually re-
corded with a HD digital video recorder (Swann, Australia).

2.2 | Food manipulation test (fine motor control)

One day after a 10 minute exposure to a 38 x 21 cm plexiglass
observation box (habituation), 24-hour food-deprived rats were
placed in the box, and 5 minutes later two pellets of (approxi-
mately 2 g each) rodent laboratory chow were placed in the box.

Rats were given 10 minutes to consume the food pellet, and their
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ability to manipulate the food was blind-rated independently by
two observers, using the Kolb and Holmes scale®®: (0) unable to
manipulate the food pellet with the forepaws; (1) holds the food
pellet against the floor with its forepaws when it eats; (2) eats the
food pellet from the floor and sometimes hold the food pellet in its
forepaws; (3) picks the food pellet up in its forepaws and partially
eats it but drops the food pellet before it is all consumed; and (4)
sits up on its hind paws and holds the food pellet in its front paws
until it is finished.%¢

2.3 | Beam walking test (gait and balance)

Motor coordination and balance were assessed by measuring the
ability of rats to traverse a narrow (2.5 cm) square wood beam
mounted on a narrow support that was elevated 30 cm above the
ground. On day 1 each rat was given three training trials on a 5 cm
wide beam. On day 2, after one training trial on the 5 cm beam, rats
were given three training trials on a 2.5 cm wide beam and the time
it took each rat to traverse the 2.5 cm beam on the third trial and the

number of foot slips were recorded.®”

2.4 | Grooming (OCD)

Each rat was videotaped individually for 30 minutes on three con-
secutive days in a 38 x 21 cm plexiglass observation box. Ten min-
utes after the beginning of each session, the rat was misted with
water to induce grooming. The duration of grooming behavior in
terms of number of grooming bouts and body region of grooming
was assessed for 20 minutes immediately after misting.>®

2.5 | Marble burying (OCD)

Rats were placed individually in a cage measuring 37 cm long x 21 cm
wide x 18 cm high, containing Corncob bedding at a depth of 5 cm
that contained nine marbles 2.3 cm in diameter arranged in two rows
along the short wall of the cage. The number of marbles buried or
covered half or more by the bedding by each rat over a 15 minute

period was determined.

2.6 | Preparation of formalin-killed group A
streptococcus

Streptococcus pyogenes (GAS) M type 5 strain (stock: M5 GAS,
M5T5.2A, 01.02.2008) was plated on sheep blood agar (SBA) and
incubated overnight at 37°C with 5% CO,. A single colony of GAS
from the SBA plate was inoculated into 1 L of Todd Hewitt yeast
broth and incubated overnight at 37°C with 5% CO,. The total col-
ony forming unit (CFU) in 1 L of Todd Hewitt yeast broth was deter-
mined by serially diluting the culture from 1:10 to 1:10'2 and then

plating in triplicate on SBA, and incubating overnight at 37°C with
5% CO,. After counting the number of colonies in each dilution plate
the bacterial concentration was adjusted to 1 x 10 CFU/mL, allow-
ing 1 x 10'° CFU in 100 pL for injections. The bacteria in the broth
culture were pelleted by centrifuging at 4000x g for 10 minutes.
The bacterial pellet was washed three times with PBS, resuspended
in 10 ml PBS plus 1% (of total volume) neutral buffered formalin,
and incubated at 4°C for 48 hours to prepare whole formalin-killed
GAS antigens. To confirm the sterility of the preparations, they were
plated on to SBA plates and incubated for another 48 hours at 37°C
with 5% CO,. No viable bacterial colonies were detected.

2.7 | Injection of rats

Following anesthesia with isofluorane (5% induction and 2% mainte-
nance) and oxygen, Lewis rats (both male and female) were injected
subcutaneously (s.c.) with 1 x 10 CFU in 100 pL of formalin-killed
GAS or 100 puL of PBS for controls, in complete Freund's adjuvant
(Sigma, Australia) in the hock.2>*%20 |5 addition on days 1 and 3,
rats were intraperitoneally administered 0.3 pg of Bordetella per-
tussis toxin (Gibco, USA). On day 7, 14, 21, 35, and 56 after the
primary injection, both rat groups received booster injections of
1 x 10° CFU in 100 pL of formalin-killed GAS or PBS in incomplete
Freund's adjuvant (Sigma, Australia) s.c. in the flank. All rats were
euthanized 70 days after primary injection. Hearts and brains were
dissected following transcardial perfusion and tissues were fixed in

10% neutral-buffered formalin for further analysis.}>71%20

2.8 | Electrocardiography

As a functional test for heart, electrocardiography (ECG) was per-
formed on all experimental rats before injection and prior to eutha-
nasia. Rats were anesthetised using 5% isofluorane and maintained
at 2% during the ECG with 1-1.5 L/min of oxygen. The ECG traces
were recorded using AD Instruments (Power Laboratories). The
electrical potentials were recorded for 1-2 minutes with LabChart
8 software provided by AD Instruments (Power Laboratories). After
performing ECG, the data were visualised using LabChart 8 soft-
ware. The peak values of P and R points at three different segments

of ECG from each rat were individually extracted and analysed.

2.9 | Histology

Formalin-fixed paraffin-embedded (FFPE) sections of rat heart sec-
tions were stained with Harris Haematoxylin and Eosin (H&E) and
examined microscopically for infiltration of inflammatory cells,
fibrosis or necrosis as evidence of myocarditis or valvulitis. The
heart sections were examined using a light microscope (Olympus,
Germany). The mitral valvulitis and myocarditis scores from each rat

were summed to achieve a “carditis” score based on the number of



RAFEEK ET AL.

inflammatory cells, focal lesions and Aschoff-type lesions according
to previously published methods.°

2.10 | Statistical analysis

A three-way analysis of variance (ANOVA) with post hoc analysis using
Tukey's test (Prism version 8 software GraphPad, USA) was used to
assess statistically significant differences between the age (<6 weeks
vs >12 weeks), gender (male vs female) and strain (Lewis vs Wistar). A
two-way ANOVA was used to assess behavioral and ECG differences
between rats treated with GAS and PBS. All data were reported as
means + SEM and P values < .05 were considered significant.

3 | RESULTS
3.1 | Comparison of rat behavioral phenotypes

To define the age- and gender-dependent behavioral stability of

Lewis and Wistar rat strains under normal husbandry conditions,

both strains were subjected to a series of standardised behavio-
ral tests (food manipulation, beam walking, grooming and marble
burying). No significant differences were observed between the
two strains (P = .9519), gender (P = .7418) and the two age groups
(P =.1066) in the food manipulation test (Figure 1A). Similarly, no
significant differences were observed in the time taken to trav-
erse the beam in the beam walking test between the two strains
of rats or between genders at 6 weeks of age. However, male
Wistar rats older than 12 weeks took significantly more time to
transverse the narrow beam compared to both male (P < .01) and
female (P < .001) Lewis rats older than 12 weeks (Figure 1B). Six-
week-old Lewis and Wistar rats displayed no significant differ-
ences in marble burying behavior. In contrast, male Wistar rats
older than 12 weeks buried significantly more marbles than either
male (P < .01) or female Lewis rats older than 12 weeks (P = .01;
Figure 1C). Significant differences were observed between strain,
age and gender in the grooming test. Male Lewis rats less than
6 weeks old and more than 12 weeks old spent significantly
(P < .001) more time grooming than male and female Wistar rats
on all three observation days (Figure 1D-F). However, no signifi-

cant differences were observed in grooming behavior within the
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FIGURE 1 Longitudinal neurobehavioral changes in Lewis and Wistar rats. Neurobehavioral changes were assessed in male (®) and
female (M) Lewis and Wistar rats less than 6 weeks and more than 12 weeks of age. The following tests were carried out: food manipulation
(A), beam walking (B), marble burying (C), and grooming tests on days 1-3 (D-F). In each group (n = 5), age-matched rats were used. These
tests indicate that there are no significant neurobehavioral differences in the Lewis rats at the two different ages tested. *Significantly
different from the control group (*P < .05, **P < .01, ***P < .001, ****P < .0001)
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FIGURE 2 Neurobehavioral changes
in Lewis rats of both sexes following
injection with GAS. Neurobehavioral
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strain, age and gender parameters (Figure 1D-F). There were no
significant changes observed between days 1 to 3 in grooming
behavior of both Wistar and Lewis rats (P > .001). However, the
grooming behavior of male Lewis rats younger than 6 weeks was
significantly reduced (P = .0217; Figure 1D-F). Thus, under nor-

mal husbandry conditions, Lewis rats had a more stable age- and

gender-dependant behavioral phenotype than Wistar rats as de-
termined by standardised food manipulation, beam walking, mar-
ble burying and grooming behavioral tests. Therefore, due to the
stability of their behavioral phenotype, the Lewis rat strain was
chosen as the preferred animal model to investigate GAS-induced

neurobehavioral changes and cardiac pathology.
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FIGURE 3 Electrocardiographic changes in Lewis rats following GAS injection. Representative ECG traces from a PBS- (A) and a GAS-
injected (B) rat demonstrate a prolongation of P-R interval consistent with conduction abnormalities due to carditis. (C and D) Prolongation
of P-Rinterval in ECG was observed in male (C) and female rats (D) following injection with GAS after 70 days post primary injection. o,
Pre injection; B, Post injection. In each group (n = 6), age-matched rats were used. *Significantly different from the control group, (*P < .05,

**P < .01, ***P < .001, Two-way ANOVA)

3.2 | Exposure to GAS is associated with an altered
neurobehavioral phenotype in Lewis rats

To determine if a GAS injection significantly altered the baseline
neurobehavioral phenotype of Lewis rats, the animals were sub-
jected to GAS injection in their hock and their behaviors moni-
tored using the same suite of standardised behavioral tests. Food
manipulation scores, time taken to traverse the narrow beam, total
grooming time and number of marbles buried by male and female
Lewis rats injected with formalin-killed GAS or PBS are provided in
Figure 2. Both male and female rats injected with GAS showed dif-
ficulties in handling food pellets (P = .0066 and P = .0086) and took

more time in traversing the narrow (2.5 cm) beam without any foot
slips (P < .0001 and P = .0101). Male and female rats injected with
GAS spent more time grooming in the induced grooming test than
control rats on all three days without any loss of hair and skin lesions
(P <.0001 and P < .0001). GAS-injected rats (male and female) bur-
ied more marbles than control rats (P < .0001 and P = .003).

3.3 | Exposure to GAS induces
electrocardiographic and histological changes

In this study, conduction abnormalities were detected by ECG.

Prolonged P-R intervals were observed in rats injected with
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GAS (Figure 3) compared with findings for the control rats. demonstrated infiltration of mononuclear cells with variable de-
Prolongation of the P-R interval on ECG is a hallmark of conduc- grees of inflammatory changes (Figure 4). In comparison, the heart
tion abnormalities observed in ARF/RHD. H&E-stained sections of tissues of PBS-treated control rats showed little or no evidence
hearts from rats injected with GAS were examined for evidence of inflammation. All rats injected with GAS had mononuclear cell
of cardiac lesions and compared to heart tissue from control rats infiltration characteristic of inflammatory changes and patchy

immunized with PBS. Histological examination of heart sections granulomatous cells were observed in the myocardium (Figure 4).
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Mononuclear cell infiltration into valves of GAS-injected rats was
also observed.

4 | DISCUSSION

There is now an extensive body of both clinical®®?4? and experi-
mental evidence”* that unequivocally suggests that autoimmune
mechanisms underpin the development of SC and PANDAS. The
unifying feature of both these entities is a preceding infection with
GAS. Since the early nineteenth century,*® SC has been recognised
to be closely associated with the symptomatology of ARF/RHD and
remains as a major diagnostic criteria for ARF/RHD.*> While the
manifestations of SC, including the neurological abnormalities of
involuntary movements and psychiatric symptomatology meeting
the criteria of OCD, have been associated with ARF/RHD, the classi-
cal description of PANDAS, an entity that was described in the late
twentieth century,44'46 does not include these involuntary move-
ments. Clinically distinguishing the differences in neurobehavioral
abnormalities between SC and PANDAS is problematic. Delineating
the immunopathological mechanisms contributing to overlapping
and the unrelated symptomatology between these two clinical enti-
ties is challenging.

ARF/RHD is a uniquely human disease. Therefore, while devel-
oping models for this condition, it is important that both the cardiac
and neurobehavioral changes observed in the clinical condition are
replicated in the experimental model. To date, the animal models
developed to determine the mechanisms of post-streptococcal se-
quelae have either investigated the cardiac pathology °-171%20:47-49
or the neurobehavioral aspects of sco Previously no other mod-
els have been described that enable the simultaneous investigation
of both cardiac and neurobehavioral changes that are known to be
pathognomonic in ARF/RHD.

Mice and rats display different behaviors. OCD-like behaviors
such as induced grooming and marble burying and motor deficits
such as food manipulation are predominantly observed in rats rather
than mice. Based on the antibody deposition sites in the brain, the
pathology in rats may more closely resemble human pathology.>°->?
For the first murine model developed to determine neurobehavioral
disorders associated with GAS, Hoffman et al in 2004 used female
SJL/J mice’ and demonstrated decreased ambulation during open-
field tests to novel surroundings,c”'10 impaired motor coordination
in Rotarod tests and increased rearing behavior following exposure
to GAS antigens. Immunopathological studies revealed that in SJL/J
mice, anti-GAS antibody deposition was mainly in the hippocam-
pus and deep cerebellar nuclei but very little in basal ganglia.>1%*3
The Lewis rat model to determine neurobehavioral changes devel-

oped by Brimberg et al'!

showed that male rats injected with killed
GAS had impaired food handling ability and motor control behavior.
Furthermore, rats showed increased grooming after exposure to
GAS antigens when compared to control rats.!! In addition, adop-
tive transfer of serum from GAS-injected rats into the striatum of

recipient Lewis rats resulted in impairment in beam walking and

obsessive marble burying compared to naive rats.}? In these rats, au-
toantibody deposition was predominantly observed in the prefrontal
cortex and the basal ganglia.?*!? Although the mechanism whereby
the compromised blood-brain barrier (BBB) enables these antibod-
ies to cross into the brain and deposit in the basal ganglia has been
debated, recent studies have clearly demonstrated in mice that fol-
lowing intranasal challenge with GAS, GAS-specific Th17 cells from
the nasal-associated lymphoid tissue migrate into the brain, breaking
the BBB to facilitate microglial activation and IgG deposition, lead-
ing to neurobehavioral changes.'**® Compromised BBB in rodents
facilitates autoantibody deposition in deep cerebellar nuclei (DCN),
globus pallidus, thalamus, hippocampus and periventricular area,
caudate nucleus, lateral hypothalamus and piriform cortex.>1013:14
The studies that investigated the post-streptococcal neurobehav-
ioral changes did not determine whether the experimental animals
developed cardiac pathology.

The female Lewis rat model has been used to determine auto-
immune pathologies such as RHD'>?° and SC,'**'2 and other auto-
immune diseases such as experimental autoimmune encephalitis32
and multiple sclerosis.®® The Lewis rat autoimmune valvulitis (RAV)
model originally described by Quinn et al*® and later characterised
by our group*>2° has been universally accepted as a reliable model to
study cardiac abnormalities associated with ARF/RHD. In the cardi-
tis models that have been previously described it was found that: (a)
antibodies generated against GAS M protein and GIcNAc (N-acetyl-
BD-glucosamine) cross-react with bacterial and cardiac tissue?>47;
(b) adoptive transfer of the anti-streptococcal antibodies causes
carditis in recipient animals®®; (c) inflammatory cells were present in
valvular and myocardial lesions of animals injected with GAS anti-

19:49,58,59. (d) that the T cells infiltrating the cardiac tissue were

gens
of the Th17 phenotypezo’éo; (e) both anti-streptococcal antibodies
and T cells are able to activate vascular endothelial cells facilitating
the transmigration of effector cells into tissue”?: and (f) generation
of anti-streptococcal antibodies and T cells leads to cardiac func-
tional abnormalities detectable by ECG and echocardiography.t?2%>?
However, none of these studies charcterised a rodent model that can
be simultaneously used to determine both the cardiac and neurobe-
havioral changes that are hallmarks of ARF/RHD. Therefore, we set
out to determine whether a model that encompasses both cardiac
and neurobehavioral changes could be successfully developed to
conduct longitudinal immunopathological and mechanistic studies.
Since post-streptococcal neurobehavioral changes such as are
seen in SC are prominent in females,®>%? and PANDAS and tic dis-

63,64

orders are predominantly seen in males, most neurobehavioral

studies described in the literature have either been conducted on

710 or exclusively on male rats.*? In this study

male and female mice
we initially characterised both male and female Wistar and Lewis
rats at different ages to determine their suitability for examining lon-
gitudinal neurobehavioral changes. Examination of neurobehavioral
complications associated with GAS-induced autoimmunity should
use a species in which changes in motor deficits and compulsive
and stereotyped behaviors can be easily measured.” However, the

motor skill and compulsive behavior stability of rat strains must be
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determined before selecting the most appropriate breed for exam-
ining neuropathology induced by GAS autoimmunity. In this study,
data from standardised behavioral tests demonstrated that Lewis
rats had greater compulsive behavior and motor skill with pheno-
typic stability compared to Wistar rats.

Both male and female Lewis rats injected with GAS antigens
showed neurobehavioral changes similar to those observed in SC and
PANDAS. Similar to the studies exclusively carried out on male rats
by Brimberg et al,** in our studies we observed impairment in han-
dling food and in traversing the narrow beam (2.5 cm width) in both
male and female rats. Based on these findings it is evident that both
male and female Lewis rats developed impairments in fine motor con-
trol and gait similar to patients with SC and PANDAS.® In addition,
the grooming behavior of rats injected with GAS was remarkably in-
creased compared to control rats and these rats buried more marbles
in marble burying tests, reflecting a form of compulsive behavior re-
sembling that of OCD in patients with SC and PANDAS.61:¢5:6¢

Conduction defects occur in patients with ARF/RHD and prolon-
gation of P-R interval is observed.*® Our study revealed that in both
male and female Lewis rats injected with GAS antigens there was an
increase in infiltration of inflammatory cells into the myocardium and
valvular tissues. Therefore both male and female Lewis rats injected
with GAS developed carditis/valvulitis and prolongation of the P-R
interval similar to that seen in previous experimental animal stud-
ies'?29% and in patients with ARF/RHD.%?

Collectively, these data suggest that Lewis rats are preferred
over Wistar rats when considering an animal model suitable for a
longitudinal time course study, to examine the manifestation of post-
streptococcal neurobehavioral and cardiac abnormalities akin to
ARF/RHD. Therefore, we believe that the current model can be used
in further studies to: (a) simultaneously determine the sequential
immunopathological mechanisms that lead to different symptoms
and signs in multiple organs in patients with ARF/RHD, (b) test new
therapeutic agents for ARF/RHD and complications, and (c) conduct
toxicology, efficacy and safety studies of novel anti-streptococcal
vaccine candidates. We conclude that due to the stability of their
compulsive and motor behavioral responses and the cardiac func-
tional and histological changes observed following GAS injection,
Lewis rats remain the favoured animal model to simultaneously in-

vestigate both cardiac and neurobehavioral changes.
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