1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Tuberculosis (Edinb). Author manuscript; available in PMC 2018 September 01.

-, HHS Public Access
«

Published in final edited form as:
Tuberculosis (Edinb). 2017 September ; 106: 91-98. doi:10.1016/j.tube.2017.07.003.

The minipig as an animal model to study Mycobacterium
tuberculosis infection and natural transmission

Laylaa Ramos?, Andres Obregon-Henao?, Marcela Henao-Tamayo?, Richard Bowen?, Joan
K. Lunney?3, and Mercedes Gonzalez-Juarrero2#

1Cell and Molecular Biology Colorado State University, Fort Collins, CO 80523

2Department of Microbiology, Immunology and Pathology, Colorado State University, Campus
delivery 1682, Fort Collins, CO 80523

3Animal Parasitic Diseases Laboratory, BARC, NEA, ARS, USDA, Building 1040, Room 103,
BARC-East, Beltsville, MD 20705 USA

Abstract

In endemic countries more than 20% of tuberculosis (TB) cases are in infants and children.
Current animal models study TB during adulthood but animal models for infant TB are scarce.
Here we propose that minipigs can be used as an animal model to study adult, adolescent and
infant TB including natural transmission. In these studies, two-month old minipigs (representing
infant age in humans) and six-month old minipigs (representing adolescence in humans) were
infected via the aerosol route with hyper-virulent clinical strain W-Beijing Mycobacterium
tuberculosis (Mtb) HN878 and were monitored for 11 or 36 weeks post-challenge, respectively. In
the same studies, infected and unchallenged animals were housed together. Viable bacteria were
recovered from pulmonary and thoracic lymph nodes from both - infected and their initially
unchallenged natural contacts. Bacillary load, gross lesions and histopathology revealed
similarities to the spectrum of disease observed in human TB. The study did not reach terminal
end point, thus it was not possible to annotate definitive clinical symptoms of active TB. The
results demonstrated that minipigs are experimental hosts of Mth HN878, and the pathology
developed in their lungs resembles pathological findings described in human TB. Importantly,
within communities of Mtb infected minipigs natural transmission occurs.
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Introduction

Mycobacterium tuberculosis (Mtb), the causative agent of tuberculosis (TB), kills or
debilitates more people between 15-59 years of age than any other disease in the world 1.
Drug susceptible TB is curable, but nowadays cases of multiple and extensively drug
resistant TB are on the rise 2. Few bacilli transmitted through aerosol droplets from an
actively infected individual are sufficient to cause infection 3. The disease often affects the
lungs, however, only 5-15% of infected individuals progress to active TB 2. Studies in
infants and children with TB are few even though this age group accounts for more than
20% of TB cases in high burden countries 4. In this article we show evidence that minipigs
provide benefits in the study of human adult, adolescent and infant TB.

Current animal models of TB have numerous limitations. Except for non-human primates
(NHP), no other animal model of TB offers the spectrum observed in human disease 5 6.
Rodent animal models are affordable and frequently used but data derived from these
models does not directly translate into human TB applications 6. The anatomy, genetics, and
physiology of pigs resembles that of humans 7 and functional similarities in organs make
pig-to-primate organ transplantation possible 8. Minipigs are already used to study
Alzheimer's disease, cystic fibrosis and diabetes . Minipigs have large litters (5-8 piglets)
and develop human sized organs at six months of age. Aside from the primate and mouse
immune system, the pig immune system is the third best characterized. The pig genome has
been sequenced 19; this included extensive analysis of the pig immunome structure and
function revealing greater similarities between humans and pigs than between humans and
mice 11. The main differences between the pig and human immune system are the inversion
of lymph nodes (LNs), two types of Peyer's Patches, and the mechanism of passive
immunity from sow to piglets 7; newborn passive immunity is only possible through
colostrum and milk. Thus, newborn minipigs can also be used to study interactions with
pathogens in a fully naive immune system - 12, Fortunately, there is a wide range of swine
resources and immune reagents available, supporting the potential this model can offer in
TB immunology research 13-15,

The use of pigs in TB research is not an unusual idea. Studies of experimental swine
infection with M. bovis or BCG are reported 16: 17, In 2010, minipigs were also challenged
via intrapleural injection with Mtb strain H37Rv and monitored for a period of 20 weeks 18.
These elegant studies highlighted encapsulation of granulomas as a key factor of latent Mtb
infection in swine and suggested that the encapsulation process is directed by the
interlobular septae. Interestingly, granuloma encapsulation is reported in humans 19, cattle,
goats 20 and swine TB 18 but is lacking in rodent or non-human primates TB models 20.

These studies continued developing the pig as animal model to study human TB. Our
approach here mimicked Mtb infection in humans by challenging animals via the aerosol
route with the hyper-virulent clinical W- Beijing Mtb strain HN878 21. Our overarching goal
is to study the TB immune response and vaccine efficacy in neonatal piglets living in a
community where natural transmission and infection is possible. We believe this approach
can provide a more relevant animal model to evaluate vaccine efficacy because in endemic
countries households with infants and children- are continually exposed to Mth. Herein, we
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demonstrate that adolescent and piglet minipigs are susceptible to infection with the hyper-
virulent Beijing Mtb strain HN878 and that the pathological course of infection resembles
that seen in human TB.

Ten six-month old (group 1) and ten one-month old (group 2) minipigs were purchased from
Sinclair-BioResources, MO. The vendor raises all animals in TB and brucellosis-free farms
as well as free from other common swine diseases. The Institutional Animal Care and Use
Committee of Colorado State University (CSU) approved the studies. CSU veterinary-
residents monitored animals daily for any clinical symptoms. Each group of animals was
socially housed in ABSL-111 rooms (72+6°F, 30-70% humidity, 12:12 light cycle) for the
duration of the experiment and were allowed to acclimate for at least two weeks prior to
challenge. Animals had ad-libitum water access and were fed a locally sourced feed
(Panepinto, CO). In group 1, body temperatures were recorded daily with weekly weights
whereas in group 2 the same were recorded monthly. Two animals from each group
remained unchallenged. The two unchallenged pigs in groups 1 and 2 remained in a separate
building and were co-housed with the challenged animals three months (group 1) and three
days (group 2) post-challenge. Timelines for each study are shown Table S1.

Aerosol challenge

The hyper-virulent W-Beijing Mtb strain HN878 was obtained from CSU repository bank.
Inocula of 1x104 and 1x103 CFU/mI (group 1) and of 1x103 and 1x102 CFU/ml (group 2)
were used to test a high and low dose challenge (HD and LD). The inoculum aerosol was
created using a ViosH air compressor (PARI Respiratory Equipment, Inc. Midlothian, VA)
and LC SprintH nebulizer (mass mean diameter 3.5mm) as reported previously 22. Minipigs
received the inoculum (3-5ml and 2 ml of inoculum for group 1 and 2, respectively) while
under general anesthesia using xylazine hydrochloride (1.5mg/kg) and ketamine
hydrochloride (15mg/kg). Minipigs were monitored after challenge regularly during the first
day.

Tuberculin skin test

Tuberculin Purified Protein Derivative (PPD, Mantoux) Tubersol® (Sanofi Pasteur Limited,
Canada) was administered intradermally at a dose of 5TU per 0.1ml as recommended for
human use. PPD was administered at 24 and 11 weeks post-Mtb challenge in group 1 and 2,
respectively.

Dexamethasone Treatment

Starting at 7 months post-Mtb challenge, a subgroup of pigs from group 1 were treated with
oral Dexamethasone (DEX: Par-Pharmaceutical Companies) at 0.5mg/kg/day 23. DEX was
mixed with food and fed to five pigs (Table 1) for 60 consecutive days until sacrifice.
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Post-mortem examination

After general anesthesia, administered as described above, animals were euthanized by
intracardiac overdose of pentobarbital (80-100mg/kg). Animals in-group 1 were sacrificed at
16 (n=2) and 36 weeks (n=8) post-challenge. For group 2 all pigs were euthanized at 11
weeks post-challenge (Table S1). As a pilot study, these end points were determined due to
limited housing space and financial resources. At necropsy, the spleens, liver and cervical
LN were examined; the thoracic cavity was opened and macroscopic lesions in the lungs and
LNs were identified by observation and palpation. Gross lesions in lungs and LNs were
recorded using a Nikon camera. Thereafter samples (approximately 0.5g) were extirpated
and their weight recorded prior to processing for further analysis. In some animals there
were numerous and varied types of gross lesions; an attempt was made to collect
representative samples for every scenario (hard/soft, large/small, uninvolved/involved
tissue).

Bacterial load determination

Samples (0.5 grams placed in 3ml sterile-tubes containing 1 ml PBS and 5x3.2mm sterile-
stainless-beads) were homogenized (4min/8000rpm) using the Next-Advance-Bullet-
Blender (Averill-Park, NY). Bacterial loads in samples were determined by plating serial
dilutions of the homogenates on nutrient Middlebrook-7H11 agar-plates. A total of 15
samples were plated for each animal. The number of colony forming units (CFU) that
appeared on the agar-plates after incubation at 37°C for 3-5 weeks were used to determine
the bacterial load per gram of tissue sample.

Speciation of bacteria

Histology

Colonies appearing on agar plates were further verified through DNA extraction using
Trizol® reagent (Thermo-Fisher), following the manufacturer's instructions. Extracted DNA
was evaluated by PCR with specific primers for Mtb and non-tuberculous mycobacteria
(NTM) rpoB 24 [Table S2]. PCR products were analyzed by electrophoresis in 2% agarose-
gel followed by sequencing of the 210bp band to confirm they were Mtb 25,

Tissue samples from each animal were fixed in 4% paraformaldehyde. Sections were stained
with hematoxylineosin (H & E) or acid-fast Auramine-Rhodamine (AFB). H&E staining
was analyzed using the Aperio-Digital Scanner (Leica-Biosystems) and Image-Scope
software. The AFB stained sections were examined using Zeiss LSM 510 confocal
microscope and Zen 2009 software.

Statistical analysis

The viable CFU counts were converted to CFU per gram of tissue, which were then
evaluated using Student's t-test. Differences were considered significant at the 95% level of
confidence.
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The main aims for these studies were to determine if miniature pigs are hosts to the hyper-
virulent W-Beijing Mtb strain HN878 and to annotate the progression of disease upon
aerosol infection. Two age groups of female animals representing adolescence and infant age
in humans were used. Six-month old (n=8) and two-month old minipigs (n=8) were infected
with aerosols of Mtb strain HN878 and monitored as noted in Table S1. In each group of
animals two doses of inoculum were tested. In-group 1, each pig was nebulized with
approximately 3-5x104 CFU (HD; n=4) or 3-5x10° CFU (LD; n=4) of Mtb HN878,
respectively. Each pig in-group 2 was nebulized with approximately 338 (HD; n=4) and 25
CFU (LD; n=4). Based on previous studies we estimated that 10% of the nebulized bacteria
were deposited in the lungs 2. Therefore an estimate of actual dose deposited in the lungs of
these animals is 50-500 CFU for group 1 and 2-33 CFU for group 2. Two unchallenged pigs
were united with the challenged animals 3 months (group 1) or three days (group 2) after
bacterial aerosol exposure. Group 1 animals remained under the same ABSL3 conditions for
9 months, or 2 months in group 2 pigs. PPD skin test was administered in the neck of all
group 1 pigs, 24 weeks post-challenge, and all of the animals developed a large induration
(>10mm) indicative of a positive result. In-group 2, PPD was administered at 11 weeks post-
challenge, two days before euthanasia and read during necropsy. In this group, only one pig
had a positive induration reaction to PPD.

Clinical symptoms

It is well described that Mth is transmitted via aerosol when patients cough or sneeze,
common symptoms associated with TB. Consequently, a main reason pigs were chosen to
model TB in our study is their ability to cough and sneeze. Weight loss and fevers are also
common symptoms of active TB and thus all pigs in-group 1 were monitored for clinical
symptoms for a total of nine months and, except for some incidental coughing and sneezing
(explained below), no changes were observed.

To evaluate the status of infection two pigs were euthanized (ID# 43 and 76) at 16 weeks
post-challenge. These animals presented small lesions compatible with TB in the lungs,
LNs, and spleen (Table 1) indicating successful infection of the animals under study. The
remaining pigs were continuously monitored for weight loss, fever, coughing and sneezing.
At 28 weeks post-challenge minipigs did not show clinical symptoms. In an attempt to speed
up progression to active TB disease animals were treated with dexamenthasone (DEX). DEX
is known to cause immunosuppression 23, Thus at 28 weeks post-challenge five animals in
group 1, randomly selected from the HD, LD groups and unchallenged pigs, were subjected
to oral DEX treatment for the last 60 days prior to necropsy. Animals tolerated the treatment
with DEX but none of the animals appeared to develop any overt clinical symptoms
suggestive of active TB but incidental coughing and sneezing was reported prior to
necropsies. Animals in group 2 did not receive DEX treatment and did not develop any
clinical symptoms suggestive of active TB during the 11 weeks period these animals were
monitored.
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Evaluation of gross lesions

Gross pathological examination of animals in group 1 at necropsy revealed TB-compatible
lesions in all pigs; as summarized in Table 1, the number and severity of lesions varied
notably between animals. Lesions were mostly found in the apical lobes and near the
bronchial tree of the lungs; similar lesions were found in the mediastinal LNs some of which
contained caseous necrosis. Figure 1A-C shows representative images of the broad spectrum
of gross pathology observed at necropsy in group 1 animals. In Figure 1A numerous
disseminated lesions were present in the apical lobe of pig # 59 whereas Figure 1B and 1C
shows a left lobe with only a few, 2-3 lesions, respectively. Regardless of lesion burden, both
calcified and soft lesions were present and could be found in all animals. Furthermore two
pigs, 58 and 59 infected with a HD and LD, respectively, were found to have severe
pathology in comparison to the rest of the animals. Both of these pigs had disseminated
lesions throughout the lung lobes (Figure 2A); both animals had their apical lobes and
mediastinal LNs consolidated by numerous calcified lesions and lesions containing caseous
matter (Figure 2B-F). By palpation, enlargement was noted in other thoracic and
submandibular LNs of some animals, however, these organs were not included to be
compared with healthy animals. No abnormalities were seen in other organs except for two
animals (ID# 43 and 76) that showed small extra pulmonary lesions in spleen. After
evaluation of gross lesions we concluded that, upon aerogenic infection of adolescent pigs
with Mtb HN878, marked heterogeneity of pulmonary and LN lesions was present; lesion
severity did not correlate with HD or LD. Interestingly, DEX treatment had no noticeable
effect on gross pathology.

All young pigs in group 2 were euthanized 11 weeks post-challenge. Gross pathological
examination of the lungs, LNs, and spleen did not reveal as many lesions as in group 1
(Table 1). Small and few lesions were observed in the lungs and LNs of all animals.
Representative gross pathology images are shown in Figure 2D-F. Pig 88 infected with a HD
aerosol had small and disseminated lesions through its lung lobes (Figure 2E) whereas pig
94 infected with a LD aerosol had different pathology consisting of a caseous lesion (Figure
2F). None of the piglets infected with Mth HN878 demonstrated signs of disseminated
infection outside the pulmonary cavity. As in group 1, after evaluation of gross lesions, we
concluded that, upon aerogenic infection of 2 month old piglets with the Mtb HN878 strain,
there was marked heterogeneity of pulmonary and LN lesions, dissemination of infection in
the lungs and LN, and the severity of the lesions did not correlate with dose of the inoculum.
Therefore, we concluded that when comparing the severity of lesions in animals euthanized
at 2, 4 and 9 months post-Mtb infection pathology worsened as infection progressed in time.

Natural Transmission

Transmission of Mtb bacilli between TB patients is poorly understood and there is lack of
animal models available to study this phenomenon. In group 1 unchallenged and challenged
minipigs were co-housed in the same room separated by a physical barrier that allowed them
to touch their noses and mouth but they did not share food or water. The two unchallenged
animals co-housed with challenged animals demonstrated lesions at necropsy (Table 1);
lesions in the lung were small and none were calcified. Both unchallenged pigs showed
enlarged LNs. The submandibular LN of pig 74 (but not pig 68) contained small lesions. All
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other organs appeared healthy in unchallenged animals. Samples from lesions of these
animals demonstrated positive bacteria growth on agar cultures (Figure 3A).

In group 2, unchallenged and challenged piglets were housed in the same room without
physical barriers and they shared food and water. Unchallenged animals in group 2 also
demonstrated lesions and positive bacteria growth on agar culture (Figure 3B). Furthermore,
salivary gland sections obtained from pig 80 demonstrated presence of positive AFB (data
not shown). Altogether, we conclude that in both groups of animals, natural bacilli
transmission and successful infection occurred when unchallenged animals were co-housed
with challenged animals.

Bacterial burden

In group 1 the bacteria load obtained in samples from the same animal varied between 0 —
1x108 CFU per gram of tissue (Figure 3A). Similar differences in levels of bacterial load
varied between samples from different animals. Furthermore there was no statistical
difference in bacterial load between samples collected from animals infected with HD or
LD. Comparative analysis of colony counts of tissue samples from group 2 also revealed no
statistical difference between the bacterial burden obtained from animals receiving HD or
LD inoculum (Figure 2B). Further, not all samples produced viable bacilli whereas some
lesions contained as many as 104 CFU per gram of tissue.

Pigs are known to host other mycobacteria species such as NTMs 27, thus CFU were
collected and processed by PCR. The speciation of selected colonies was performed by
differential PCR using specific primers Mtb and NTMs 27 All colonies tested demonstrated
that bacteria isolated from lesions in challenged and unchallenged animals belonged to the
Mtb species; none of them appeared to be positive for NTMs (data not shown).

Histopathology

Histopathological analysis confirmed the TB-compatible lesions. By H&E staining, many
samples from uninvolved lung tissue demonstrated low or high thickening of the lung
parenchyma (Figure 4A-B), while others (Figure 4C) showed typical tuberculous
granulomas formed by cells resembling lymphocytes and macrophages surrounding a core
of foamy macrophages and neutrophils. Other lesions obtained from lungs (Figure 4 E-G
and I) and LNs (Figure 4 D, F, H) demonstrated different levels of progression in the
formation of necrotic and caseating granulomas containing calcified centers surrounded by
lymphoid cells and fibrosis. Many lesions in the LNs, and less frequently in the lungs,
appeared as multifocal necrotic and caseating lesions. Fibrosis was also noted in most
lesions. The histopathology of animals from group 2 (Figure 4) revealed fewer granulomas
than animals from group 1 but lesions demonstrated similar spectrum of lesions. Other
samples from the same group demonstrated extensive to little thickening of the parenchyma
(Figure 4J -K).

AFB were also present in lesions, including necrotic granulomas but sometimes were also
found outside the granulomas. A representative lung sample of pig 58 stained with AFB,
demonstrates a granuloma with a necrotic center (Figure5 A-E); AFB surround the necrotic
center along with macrophages, further surrounded by a lymphocytic rim and fibrosis.
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Figure 5B-E shows intracellular AFB in foamy cells located at the rim of the necrotic
granuloma. Many macrophages at the necrotic rim had foamy morphology and at times
appeared also as multinucleated cells (Figure 5D). AFB was not found in samples analyzed
from group 2.

Discussion

This pilot study sought to determine whether adolescent and piglet minipigs are susceptible
hosts to the clinical and highly virulent Mtb strain HN878 and if natural transmission is
possible within a community of minipigs. Post-mortem examination revealed both groups of
pigs demonstrated TB-compatible lesions in the lungs and LNs with heterogeneity in
bacterial burden and lesion pathology. The pigs in the adolescent group were monitored (for
nine months) until adulthood and some animals showed severe pathology with lesions
varying in size, dissemination throughout lungs and LNs, and calcification necrosis in many
lesions. Some lesions demonstrated AFB. Some granulomas were found to have necrotic
centers with pronounced fibrosis, a common feature found in human TB but not reproduced
in some TB animal models 28 29, whereas other granulomas did not develop necrotic
centers. While at least two minipigs demonstrated severe pulmonary pathology, other
animals in the same group presented only mild pathology but with variable levels of
bacterial burden within lesions. The younger pigs were monitored for almost 3 months and
had smaller sized lesions with no calcification present. Lesions in this group were more
homogeneous overall, however, with variable levels of bacterial burden within lesions.
Caseous matter was found within some lesions of lung and LNs in both groups of animals.
Overall lesions appeared to cover the spectrum of granuloma types previously reported for
TB in humans, NHP, guinea pigs and mice 6: 30,

At the time of necropsy, it was not possible to obtain a definitive clinical picture as found
with active TB in humans. The latter suggest that the course of infection in most animals
progressed into a latent TB infection (LTBI), similar to a previous study 18, However despite
lack of obvious clinical symptoms within the community of minipigs there were also active
cases of TB capable of infecting unchallenged animals. Future studies will differentiate
LTBI from active TB cases within minipig TB community.

As expected, an aerosol infection with the clinical and hyper-virulent Mtb strain HN878
developed into severe pathology in the lungs and LNs of some pigs 21. Interestingly, some
lesions obtained from animals contained very high bacterial burden whereas other lesions
obtained from the same animal did not demonstrate bacterial growth. Similar observations
have been found in human and NHP TB 3. In this regard, Mtb infection in minipigs
resembles NHP and human TB disease. It has been previously suggested 18 that
encapsulation of some granulomas —as observed in pigs, humans, cattle and goats- limits
bacteria growth within granuloma. In this study, it remains to be determined if low bacterial
burden containing granulomas were also encapsulated.

Importantly, this study demonstrated transmission of bacilli and infection in unchallenged
animals suggesting active cases of TB in the community. In both groups of pigs, the
unchallenged animals revealed small TB-compatible lesions at time of necropsy with viable
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growth of Mtb bacilli in agar plates. Natural transmission may have occurred through
possible aerosol droplets or sharing of oral-nasal fluids. From the severe pathology observed
at necropsy in at least two pigs, occasional signs of cough and sneeze and AFB in salivary
glands it could be inferred these communities of pigs were actively shedding bacilli into the
environment. Further these communities of pigs infected with Mth could have progressed to
a more prominent active TB stage of disease if maintained in the study until terminal end
point. Thus, the results shown in this pilot study suggest that minipigs provide a suitable
animal model to study TB infection, immunity and natural transmission.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Gross pathology
Representative gross lesions found in the lungs of pigs from group 1 (A, B, C) and group 2

(D, E, F) demonstrating heterogeneity of TB-compatible lesions. (A) numerous soft and
calcified disseminated lesions in apical lobe of pig 59; (B and E) few disseminated soft
lesions in one lobe of pig 67; (C-D) very few lesions of pig 76; (F) caseous matter from a
lesion collected from pig 94 in group 2 (BSL3 image out of focus but only one available).
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Figure 2. Severe gross pathology
Photographs of lungs and lymph nodes from pigs 58 and 59 (group 1) challenged with a

high dose and low dose aerosol of Mtb strain HN878, respectively. (A) Numerous
disseminated lesions in left lobe; (B) lesions in apical lung lobe; (C) numerous lesions many
of which were calcified in mediastinal lymph node; (D) cross-section of lymph node
showing several lesions; (E) cross-section of calcified lesion containing caseous matter; (F)
lesions near bronchial tree.
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Figure 3. Bacterial burden
Bacterial load in lung (circles) and lymph node (squares) samples. Tissue bacterial load from

lesions from group 1 (top graph) and group 2 (lower graph) challenged with a high dose
(HD; red) and low dose (LD; blue) aerosol of Mth strain HN878, and from pigs left
unchallenged (green) but co-housed with the challenged animals. Data is presented as the
number of colony forming units (CFU) per gram of tissue obtained after plating serial
dilutions of the sample homogenate onto 7H11 agar plates and incubating for 3-4 weeks at
37°C.
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Figure 4. Histopathology
Representative H&E stained tissue sections of pigs in group 1 (AH) and group 2 (I-K) at 36

and 11 weeks post-challenge of aerosol Mtb strain HN878, respectively. (A-B; J-K) Lung
sections from samples obtained in uninvolved areas of the lungs showing low (A,K) or high
(B and J) thickening of lung parenchyma; (C) TB compatible granulomas showing sheets of
lymphocytes, macrophages, foamy cells and neutrophils; (D-1) TB compatible necrotic
granulomas with calcified center, lymphocytes, rim of foamy cells and surrounding fibrosis
in the mediastinal lymph node (D, F, H) and lung tissue (E-G and I); (D-H) multifocal
necrotic granulomas in lymph nodes.
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Figure 5. Detection of acid fast positive bacilli
Representative images showing acid fast positive bacilli in lungs of pigs 36 weeks post

aerosol challenge with Mtb HN878. (A) Granuloma of lung with necrotic center showing
positive staining (red arrows) in the rim of the core of the granuloma. Center of granuloma
contains acid fast positive staining associated with cell debris or free; (B, C, E) high
magnification of foamy cells at the rim of granuloma and positive for intracellular acid fast
staining; (D) multinucleated cells found at the rim of the granuloma core.
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