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Summary

Inhalational anthrax is a rare but potentially fatal infection in man. The common
marmoset (Callithrix jacchus) was evaluated as a small non-human primate (NHP)
model of inhalational anthrax infection, as an alternative to larger NHP species. The
marmoset was found to be susceptible to inhalational exposure to Bacillus anthracis
Ames strain. The pathophysiology of infection following inhalational exposure was
similar to that previously reported in the rhesus and cynomolgus macaque and
humans. The calculated LDs, for B. anthracis Ames strain in the marmoset was
1.47 x 10° colony-forming units, compared with a published LDsy of 5.5 x 10*
spores in the rhesus macaque and 4.13 x 10° spores in the cynomolgus macaque.
This suggests that the common marmoset is an appropriate alternative NHP and will
be used for the evaluation of medical countermeasures against respiratory anthrax

infection.
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Anthrax is an infection caused by the Gram-positive, aerobic, measures, since efficacy testing in conventional phase III
spore-forming bacterium Bacillus anthracis. Infection can clinical trials is neither feasible nor ethical. A number of
follow intradermal inoculation, ingestion or inhalation of species have been used to test the efficacy of prophylaxes and
spores. The pathogenesis of the disease varies depending on therapies for anthrax, including mouse (Turnbull 1986;

the route of infection and the exposure dose, although, in a Welkos et al. 1986; Varughese et al. 1999; Flick-Smith et al.
susceptible host, bacteriaemia is the common final sequela. 2002, 2005), guinea pig (McBride et al. 1998; Fellows et al.
For a disease, such as anthrax, which is a rare but potentially 2001), Syrian hamster (Rodentia spp.) (Fellows et al. 2002),
fatal infection in man, much emphasis is placed on satisfac- rabbit (Lagomorpha spp.) (Fellows et al. 2001; Pitt et al.
tory animal models for the development of medical counter- 2001) and non-human primates (NHP; Fellows ez al. 2001;
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Ivins et al. 1992, 1996, 1998). Amongst the latter, macaques
(cynomolgus and rhesus) have been used, and there is a single
reference to a trial in chimpanzees (Albrink & Goodlow
1959); of these NHP, most work has been carried out in
rhesus macaques. Studies with macaques at high levels of
biocontainment, however, pose particular challenges and are
constrained by size and maintenance.

The achievement of robust animal models of human
anthrax infection has not been easy. Mice have been found
to be particularly susceptible to the capsule surrounding
the bacteria (Welkos et al. 1986; Flick-Smith et al. 2005),
so that the assessment of any prophylaxis or therapy based
on, for example, inactivating the toxins of anthrax, is diffi-
cult but can be circumvented by using a non-encapsulated
anthrax strain; guinea-pigs are particularly sensitive to aer-
osol challenge with the organism, whilst variable protection
against parenteral challenge has been seen in guinea pigs
vaccinated with the current licensed anthrax vaccine (Little
& Knudson 1986; Turnbull et al. 1986, 1988; Ivins et al.
1994; Fellows et al. 2001). Rhesus macaques represent a
highly evolved model, but have been observed to have
some inherent resistance to aerosolized anthrax infection,
which may be age related, since juvenile macaques appear
to be more resistant than mature adults (unpublished
data).

Nevertheless, the rhesus macaque (Macaca mulatta) has
been used extensively in anthrax research, with the emphasis
to date being on the assessment of vaccine efficacy against
inhalational anthrax (Belton et al. 1956; Henderson et al.
1956; Albrink & Goodlow 1959; Friedlander et al. 1993;
Fritz et al. 1995; lvins et al. 1996, 1998). The pathology of
the inhalational form of the disease in this species is similar
to that of humans, making it a relevant model (Albrink
et al. 1960; Turnbull et al. 1986; Fritz et al. 1995). The
pathology of inhalational anthrax in cynomolgus macaques
(Macaca fascicularis) has also been reported (Brachman
et al. 1966; Dalldorf & Kaufmann 1966; Vasconcelos et al.
2003).

Much of the existing data on the NHP response to
anthrax infection has arisen from vaccine studies with rhesus
macaques. Survival rates in excess of 85% were reported for
macaques given the current US licensed anthrax vaccine
adsorbed (AVA), up to 100 weeks prior to challenge, whilst
full protection against aerosol challenge has been reported
for macaques given either the AVA (Ivins et al. 1996, 1998)
or newer recombinant Protective Antigen (rPA) (Ivins et al.
1998; Williamson et al. 2005) vaccines. These studies have
also generated data, which have allowed some characteriza-
tion of the macaque immune response and a comparison
with man, necessary to identify immune correlates of protec-

tion (Rowland et al. 2001; Williamson et al. 2005). Cur-
rently, there is an urgent requirement to evaluate the efficacy
of post-exposure vaccination in conjunction with antibiotic
therapy, in the rabbit and/or NHP models, in order to pre-
dict the human response.

In recent years, the common marmoset (Callithrix jac-
chus), a New World NHP species, has become more widely
used in applied biomedical research (Smith et al. 2001). At
Dstl Porton Down, a substantial amount of work has
already been carried out to investigate the marmoset as a
model in immunological research, as part of a larger body
of work to investigate the potential long-term effects of mul-
tiple vaccination and pyridostigmine administration in the
context of Gulf War deployment. During this programme,
marmosets were demonstrated to respond to the existing UK
licensed anthrax vaccine, suggesting they may have utility as
a potential efficacy model of anthrax and reagents for the
detection of marmoset immune markers, by immunoassay
and by flow cytometric analysis have been identified
(Griffiths et al. 2006; Hornby e al. 2006). In addition, in
comparison to macaque species, the marmoset’s small size
and relative ease of maintenance in captivity have implica-
tions for housing and husbandry under the stringent labora-
tory conditions needed for the investigation of dangerous
pathogens, such as anthrax.

The present study was designed to evaluate the marmoset
as a model of anthrax infection and bridge this to published
data for the rhesus and cynomolgus macaques and human.
This model will then be used in the enhanced development
of relevant antimicrobials and vaccines.

Materials and methods

Experimental animals

All animal studies were carried out in accordance with the
Scientific Procedures Act (Animals) 1986, and the Codes of
Practice for the Housing and Care of Animals Used in Scien-
tific Procedures, 1989. The licence application underwent a
local ethical review process before submission to the UK
Home Office.

Common marmosets (C. jacchus) were obtained from the
Dstl Porton breeding colony as healthy sexually mature
animals, aged between 36 and 60 months old (weighing
between 320 and 480 g at the start of the trial). They were
housed as female/vasectomized male pairs in specially
adapted cages within a negative pressure rigid-walled iso-
lator. The animals were given species-appropriate environ-
mental enrichment such as access to forage mix containing
preferred food items, sleeping boxes and puzzle feeders. They
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were allowed to acclimatize to the isolator for 1 day prior to
the start of the trial. Throughout the trial, regular checks (at
least every 4 h) were maintained and behaviour, vocalization
and activity characteristics monitored. A pro-forma was used
to record the behaviour.

Spore preparation

Spores of the virulent Ames strain of Bacillus anthracis were
prepared on manganese sulphate sporulation agar in Roux
bottles as previously described (Jones er al. 1995), except
that, to avoid inducing premature germination, the iso-
propanol wash and heat shock treatment were omitted. The
spore pellets were washed three times in sterile distilled
water and finally made up to 150 ml in sterile distilled
water. The spore concentration was determined to be
6.71 x 10%/ml.

Aerosol generation

A 3+jet Collison nebulizer was used to generate aerosol par-
ticles suspended in sterile distilled water. The particle size
of the aerosol produced in this manner is approximately
1-3 um in range (as determined by an Anderson sampler).
The aerosol was conditioned in a modified Henderson
apparatus (Henderson 1952; Druett 1969) and the aerosol
stream was maintained at 50-55% relative humidity and
22 + 3 °C.

Animal challenges

Marmosets were anaesthetized with 25 mg/kg ketamine
intra-muscularly (i.m.) prior to exposure and were chal-
lenged either singly or in pairs. They were placed in a head-
only exposure chamber (plethysmograph tube) and exposed
for 10 min to a dynamic aerosol. The total accumulated
tidal volume and minute volume for each animal during
challenge was determined by whole body real-time plethys-
mography with a Fleisch pneumotachograph (EMMS, Bor-
don, Hampshire, UK). Samples of the aerosol stream were
collected for 1 min during exposures using all-glass impin-
gers (AGI) into distilled water to determine the bacterial
concentrations per ml. The exposure dose of B. anthracis
per animal was calculated using the formula:

axbxcxdfexf/1000
where a is the impinger count (cfu/ml); b the impinger vol-
ume (ml); ¢ the minute volume of animal (ml/min); d the

exposure time (min); e the impinger flow rate (I/min); f the
impinger sample time (min).

© 2008 Crown copyright

Anthrax in the common marmoset 173

This was the estimated dose the animal has been exposed
to but not necessarily retained. (The minute volume for one
animal was not recorded and the total exposed dose for this
animal was calculated on a minute volume of 40 ml/min).
All animal challenges were conducted within a rigid half-suit
isolator sited within a containment level 3 animal labora-
tory. Following exposure, animals were transferred from the
challenge isolator (in a safe procedure) and returned to their
home cages, within the housing isolator, and allowed to
recover from the anaesthetic. During recovery, animals were
placed on a bedding sheet under an infrared lamp. Post-
exposure marmosets were monitored 4-hourly, day and
night and video footage of their activity in the home cage
was collected continuously. On the appearance of a pre-
determined set of clinical signs, which included dyspnoea,
partial paralysis, piloerection and unresponsiveness to stim-
uli animals were humanely culled by terminal anaesthesia
(sodium pentabarbitone overdose i.m.).

Lethal dose determination (LDsg): The Dixon method for
(Dixon & Fotheringhamn 1993) was
employed to estimate the LDsq for B. anthracis Ames strain

small samples
in the marmoset. This was repeated three times to obtain
three separate estimates. A log increase or decrease in cfu
was used at each step-up or step-down stage. All challenged
animals were observed for a period of up to 10 days post-
infection.

Presence of viable bacteria in organs and blood

At the end of the study, samples of lung, liver, spleen,
kidney, brain, lymph node tissue (mesenteric, tracheo-bron-
chial, mediastinal) and blood were taken. Organs were
removed aseptically and homogenized in 2 ml nutrient
broth in a tissue homogenizer (Medicon, BD Biosciences,
UK). The presence or absence of bacteria was determined
after plating of 0.25 ml tissue homogenate (after 1:10 serial
dilutions in nutrient broth) onto blood agar plates (in
duplicate). Plates were incubated for 48 h at 37 °C in air
prior to observation. For enumeration of bacteria in blood,
0.1 ml of blood was diluted in nutrient broth and plated
out in duplicate as described above. Counts were expressed
as cfu per ml of blood.

Histopathological studies

Tissues were fixed in 10% buffered formalin solution and
processed for paraffin wax embedding using standard tech-
niques. Sections (5 = 2 pm) were cut and stained with hae-
matoxylin and eosin (H&E). Selected sections were Gram
stained.
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Results

Determination of the LDy, of Bacillus anthracis Ames
strain in the marmoset

The results for animal weight, exposure dose, plethysmog-
raphy data and time to death are summarized in Table 1.
A total of 12 animals were exposed to challenge doses
ranging from 1.4 x 10" to 1.9 x 10° cfu B. anthracis. Six
animals survived (50%) to the experimental end-point
(10 days post-challenge). Animal age did not affect
survival.

A geometric mean LDso value of 1.47 x 10° cfu (95%
confidence limits 7.19-2.95 x 10°) was calculated by obtain-
ing a mean of the LDjso values from each of the staircase
procedures (7 = 3). The LDjsq values obtained were normal-
ized (logging values), as these LDsq values were not nor-
mally distributed. Thus, a dose of 1 x 10° cfu approximates
to 100 LDsg, with a 1.0% chance that this dose will fall in
the 95% confidence interval of 1 LDs, range. No significant
difference in susceptibility to B. anthracis could be detected
between males and females in this experiment; however, the
power of the test (Fishers exact test) was low.

Clinical observations

Times to death ranged from 40 to 140 h and did not corre-
late statistically with exposed dose. Clinical signs appeared
very precipitously (usually within an hour prior to euthana-
sia or death) and included dyspnoea, disorientation and a

Table 1 Summary of animal weight, age, plethysmography data,
exposure dose and time to death data

Colony Total Time
Minute  forming exposed  to
Age Weight volume  unit per ml dose death
Gender (years) (g) (ml/min) (aerosol) (cfu) (h)
F 6 444 45.6 498 x10° 1.9x10° 40
M 6 384 NA 3.41x10° 1.1x10° 69
M 5 478 56.7 2.95%x10° 1.4x10° 140
M 6 340 72.3 2.67x10* 1.6 x10* S
F 3 372 65.5 2.68 x10* 1.5x10* S
F 4 394 61.8 2.33x10* 1.2x10* S
F 5 342 65.1 4.40 x 10* 2.4 x10* 72
F 4 342 79.6 5.57x10° 3.7x10° 76
M 6 428 76.3 3.97x10° 2.5x10° S
F 6 452 92.1 2.97 x10* 2.3 x10*> 60
M 4 324 121.3 419 x 10> 42x10*> S
M 4 370 66.6 490x 10" 1.4x10' S

S, survived; NA, not available.

Table 2 Summary of the histopathological changes in animals
that died before the end of the experiment (up to day 10 post-
infection)

Number

Organ Microscopical findings affected (%)

4/6 (66)
1/6 (16)

Intravascular bacteria
within meninges
and neuropil

Brain

Gliosis with widening of

Virchow—-Robin’s
spaces

Heart Congestion, haemorrhage, 2/6 (33)
fibrin and oedema

Liver Sinusoid bacteria; acute 5/6 (83)
inflammation, single cell
necrosis, fibrinoid necrosis
of vessel walls

Lung Extra- and intra-vascular
bacteria; congestion, oedema,

haemorrhage, acute

5/6 (83)

inflammation and fibrin
Extracellular bacteria; 6/6 (100)
lymphoid depletion, necrosis,
fibrin and haemorrhage,
acute inflammation

Spleen

Intra-vascular bacteria;
fibrin and secondary
follicular development

Lymph node
(mediastinal and
tracheo-bronchial)

Kidney

2/2 (100)

Extravascular bacteria; fibrin; 4/6 (66)
haemorrhage, congestion;
some tubular necrosis and

acute inflammation

Figure 1 Gram stained spleen section from marmoset taken at
necropsy (day 4 post-challenge) infected with 1.0 x 10° cfu by
the aerosol route. Numerous black bacilli were evident. 10x
magnification.
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Figure 2 Haemotoxylin and eosin stained brain (cerebral cor-
tex) section from marmoset taken at necropsy (day 4 post-chal-
lenge) infected with 1.0 x 10% cfu by the aerosol route.
Scattered bacilli are evident by Gram staining within capillaries
and leptomeningeal vessels. 20x magnification.

Figure 3 Haemotoxylin and eosin stained liver section from
marmoset taken at necropsy (day 4 post-challenge) infected with
1.0 x 103 cfu by the aerosol route. Evidence of fibrinoid necrosis
of the hepatic vessel (arrowed) and numerous bacilli and neu-
trophils are present. 40x magnification.

reduced response to external stimuli. When such clinical
signs were observed, the animal was promptly humanely

culled.

Gross pathology

Gross pathological observations from the six animals
which died from disease within 10 days of challenge
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Figure 4 Gram stained liver section from marmoset taken at
necropsy (day 4 post-challenge) infected with 1.0 x 10° cfu by
the aerosol route. Numerous bacilli within sinusoids and vessels
were evident. 20x magnification.

Figure 5 Gram stained lung section from marmoset taken at
necropsy (day 4 post-challenge) infected with 1.0 x 10° cfu by
the aerosol route. Mild alveolar congestion was evident with
numerous bacilli within capillaries. 20x magnification.

included: splenomegaly (2/6 animals), hepatomegaly (1/6),
(3/6) and enlarged, haemorrhagic
mediastinal and tracheo-bronchial lymph nodes (1/6).
Gross pathological features observed in the six animals
which survived until day 10 post-infection were fewer but
included lung haemorrhages (1/6) and minor meningeal
haemorrhages (1/6).

lung haemorrhages

Journal compilation © 2008 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 89, 171-179
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Histopathology

Histopathological changes observed in those animals that
died before the end of the experiment (day 10 post-infec-
tion), are summarized in Table 2. Histopathological obser-
vations in these animals included interstitial pneumonia,
diffuse hepatic congestion and fibrin deposition with mats
of bacilli in the spleen (Figures 1-5). The spleen was the
organ most affected, with numerous bacilli visible. Scat-
tered bacilli were also seen in the brain (Figure 2) and
numerous bacilli were seen within the capillaries in the
lungs (Figure 3).

Mediastinal and tracheo-bronchial lymph tissue (where
recovered), showed secondary follicular development with
focal fibrin deposition, within a germinal centre. Relatively
small numbers of bacilli were present within vessels.

The lymphoid tissues, especially the spleen, provided the
greatest predictor as to the overall condition of the animal.
A grading scale was applied to the spleen to enhance and
simplify the interpretation of samples shown in Figure 6 and
comprised four stages:

1 Normal spleen

2 Expanded germinal centres present, some quiescent white
pulp, no megakaryocytes noted.

3 Expanded germinal centre with mitoses noted throughout
the spleen; no megakaryocytes present.

4 Depleted red and white pulp, lacking in macrophage and
lymphocyte populations.

Figure 6 (a—d) Splenic grading system
(a) Grade 1: normal spleen, (b) Grade
2: cellularly dense red pulp with white
pulp lymphoid follicle, (c) Grade 3: less
dense red pulp with prominent germinal
centre, (d) Grade 4: depleted red pulp
replaced with fibrin and bacilli. All at
10x magnification.

All animals that died during the trial were found to have
splenic changes graded as 3. All animals surviving to the end
of the trial had splenic changes graded as 2 or below. Histo-
logical examination of those animals which survived to the
end of the trial, and were culled, showed predominantly nor-
mal histology with no pathology in organs other than the
spleen, regardless of the initial exposed dose.

Bacterial cell counts in tissues

Bacillus anthracis was present in the blood of all animals
that died before 10 days post-infection (counts >10° cfu/ml),
with the exception of one animal that received 1 x 10* cfu,
where no bacteriaemia was detected. All organs tested from
animals which succumbed (lungs, liver, spleen, kidney, tra-
chobronchial and mediastinal lymph nodes and brain) also
contained B. anthracis at post-mortem. No bacteria were
detected in the blood or organs of any animal that survived
to the end of the trial.

Discussion

This study suggests that the pathology resulting from inhala-
tionally acquired anthrax infection in the marmoset is simi-
lar to that observed in respiratory anthrax infection in both
cynomologus and rhesus macaques, and in humans.

Particle size has been shown to be important to the even-
tual disease outcome for B. anthracis where aerosol droplets
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that contained single organisms (approximately 1 um) were
more infective (in terms of mortality), than particles larger
than 5 pm in diameter. Indeed, B. amthracis delivered as
small particles was 17 times more infective for guinea pigs
than when bacteria were delivered in 12 pm particles (Druett
et al. 1953). In this study, and those of others (Druett et al.
1953; Vasconcelos et al. 2003), the generation of infectious
aerosols was achieved using a Collison nebulizer in conjunc-
tion with a contained Henderson apparatus. The primary
feature of this system was the ability to generate, and deliver
to the alveoli, small infectious, monodispersed particles, of
less than 5 pm with a mean diameter of 1-2 um (Henderson
1952; May 1973). The bacterial strain used in this study is
the same as in the previous reports (Fritz et al. 1995;
Vasconcelos et al. 2003), and, therefore, these studies are
comparable in terms of bacterial strain and particle size.

The minute volume data determined in this study are com-
parable with those published previously (Bergers et al. 2004)
for an anaesthetized marmoset, although the frequency of
breathing of the marmosets in this study was approximately
half that of the animal in the published study (data not
shown). Although ketamine was used in both studies, the
difference in doses used may have led to the observed differ-
ences in breathing frequency. An aerosol retention value, in
marmosets, of 11% has been published (Bergers er al.
2004). Therefore, the calculation of a retention value was
not determined in the present study as this would have
required the use of a greater number of animals. Instead, the
exposed dose was calculated and found to be consistent with
other studies (Vasconcelos et al. 2003).

The mean LDjq value of B. anthracis Ames strain by the
aerosol route for marmosets was 1.47 x 10° cfu (95% confi-
dence limits 7.2 x 10°> — 2.95 x 10%) in this study. This com-
pares with an LDsq value of 6.1 x 10* cfu (95% confidence
limits 3.48 — 11 x 10* c¢fu) in the cynomolgus macaque for
the same strain and route (Vasconcelos et al. 2003),
although a value of 4.13 x 10% cfu (95% confidence limits,
1.98 to 8.63 x 10 cfu) has also been reported (Glassman
1966). In the rhesus macaque, the Ames strain LDsy was
5.5 x 10 spores by the aerosol route (Ivins et al. 1996).

The wide range around this LD, value in marmosets may
reflect some individual variation in response, but could also
be attributed to the small number of animals used to derive
the value. The marmoset, however, appears to fall into the
intermediately susceptible category with other NHP and
humans [the current accepted human inhalational dose was
reported to be from 2.5-55 x 10%, spores (Soviet Biological
Warfare Threat 1986)]. Marmosets that succumbed had a
mean time-to-death of 3.2 days post-infection, which is com-
parable to that reported for the cynomolgus (Vasconcelos
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et al. 2003) and rhesus (Fritz et al. 1995) macaques. In this
study, however, unlike that reported in the cynomolgus
macaque, no dose-response relationship was noted in the
time-to-death data. This has been reported previously in
murine models of B. anthracis infection (Flick-Smith et al.
2005) and may be due to the sporulating nature of this
organism (i.e. the propensity of spores to lie latent in the
mammalian host and to cause disease in a non-dose-related
manner).

High bacterial counts were detected in the blood of all
animals that died and this is consistent with the reports of
other NHP studies and also with reported human cases of
inhalational anthrax from the Sverdlosk incident in the
Soviet Union (Abramova et al. 1993).

Gross pathological observations in those animals, which
died are consistent with observations in other NHP models
of inhalational anthrax as well as human cases. Haemor-
rhage and oedema were the main features of the disease in
those organs examined in this study. However, the relative
proportions of organs affected in the marmoset differed
from the proportions reported previously in cynomolgus and
rhesus macaques. The main gross pathological difference
observed in the marmoset compared with other NHP and
humans was the relatively high incidence of haemorrhage
observed in the lungs (50%) and the absence of meningeal
haemorrhage (although this was seen in one surviving
animal). This lack of meningeal haemorrhage may be a
reflection of the small number of animals challenged and
hence may not be truly representative of the disease in mar-
mosets. The Ames strain of B. anthracis used in this study
has been shown previously to cause meningeal haemorrhages
in NHP (Vasconcelos et al. 2003) so this is, therefore, not a
strain-specific phenomenon.

Histopathological findings in marmosets that survived
challenge up to day 10 post-challenge were generally
within normal limits. No bacilli were observed in any
tissue, regardless of the initial dose administered, in five of
six animals. The exception to this was a single animal
which received a 100 cfu challenge; the histopathological
profile in this animal was consistent with that seen in
those animals, which died of the disease during the 10 days
post-challenge. This suggests that this animal would have
succumbed to infection had it not been culled at 10 days
post-challenge.

Histopathological findings in those animals that died were
consistent with some of the findings reported previously in
respiratory anthrax infection in both humans and other
NHP. Pulmonary oedema and haemorrhage were common
features in the marmoset, cynomolgus monkeys and humans.
However, acute interstitial pneumonia, although a common
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feature in the marmoset, was found infrequently in the cyno-
molgus or rhesus macaque.

The spleen was the organ most affected in the marmoset
and provided the greatest predictor as to the overall condi-
tion of the animal. The histological features observed
included lymphoid depletion, necrosis, fibrin deposition,
haemorrhage and acute inflammation. These features are
consistent with reported findings in both rhesus (Fritz et al.
1995) and cynomolgus (Vasconcelos et al. 2003) macaques,
as well as in guinea pigs (Ross 1955) and rabbits infected
with B. anthracis (Zaucha et al. 1998).

Meningitis has been reported in cynomologus and rhesus
monkeys as well as humans infected by the inhalational
route with B. anthracis after microscopic examination of
brain tissue. In this study, although bacteria were noted
intravascularly within the meninges and neuropil, haemor-
rhage was not present. As fibrinoid necrosis of vessel walls
was noted in spleen and liver tissue, it would be expected
that similar degenerative changes and subsequent haemor-
rhage would be seen in the brain. Again, this may represent
a real species difference in organ susceptibility or it may be
an infrequent feature of the disease not represented here due
to the small numbers of animals used.

In this study, the common marmoset proved to be suscep-
tible to inhaled challenge with B. anmthracis delivered as
small particle aerosols; the disease seen closely resembled
the inhalational form of anthrax seen in other NHP and
humans in terms of infectious dose, mortality, gross pathol-
ogy and microscopic observations. This suggests that the
common marmoset offers an alternative to larger NHP
anthrax models, and may be appropriate for the evaluation
of medical countermeasures against respiratory anthrax
infection.
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