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I n t r o d u c t i o n
Mycobacterium avium complex (MAC), which is a complex of 

M. avium and M. intracellulare, is an ubiquitous organism and certain 
animals act as reservoirs in nature (1). Among the members of the 
MAC family, M. avium is the most predominant pathogen identified 
in humans and some animal species (1–3). This organism is classified 
into 4 subspecies. Mycobacterium avium subsp paratuberculosis is the 
etiological agent for severe enteritis in ruminants known as Johne’s 
disease (4). Mycobacterium avium subsp avium originates from avian 
species and is most virulent in poultry (3). Mycobacterium avium 
subsp silvaticum has been isolated from the parenchymatous organs 
of wood pigeons with a tuberculous pathology (5). Mycobacterium 
avium subsp hominissuis is the most prevalent opportunistic pathogen 
for humans and pigs (6,7).

Mycobacteriosis by M. avium subsp hominissuis is the one of 
major diseases in swine populations (6–8). Sporadic subclini-
cal infections in swine at slaughterhouses have been reported in 

several industrial countries (6,7,9,10). However, elimination of 
the disease is very difficult if the breeding environment at the  
hog farm is contaminated by the pathogen. Therefore, the occur-
rence of mycobacteriosis causes continuous financial losses  
for hog farms (11). Mycobacterial lesions, localized primarily in 
the lymph nodes of the digestive tract, are frequently observed 
in nature and a number of systemically infected pigs have been 
identified in affected swine populations (3,9,10). Hepatic lesions 
are frequently observed in systemically infected individuals (12). 
Therefore, the tonsil and intestinal mucosa are thought to be the 
initial infective focus and sources of the bacterial excretion (13,14). 
The excretion of M. avium in the feces of pigs has also been docu-
mented (15,16). From such evidence, it was generally considered 
that swine are primarily infected by the ingestion of mycobacteria 
from the contaminated surrounding environment and lymphatic 
metastasis to parenchymal organs occurs through the intestinal 
epithelium (2,17). However, this has not been fully confirmed in  
pigs.
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A b s t r a c t
Mycobacterium avium causes systemic infections through primary intestinal lesions in pigs. However, its pathogenesis is not 
well understood. The aim of this study was to confirm the effects on swine after enteral infection. One hundred and twelve pigs 
with hepatic lesions infected with M. avium were used in this study. We investigated the involvement of other organs and the 
distribution of hepatic lesions in the lobular structure. Most lesions involved the mesenteric lymph nodes. Hepatic lymph 
nodes were the secondary nodes involved. In 74 cases (66.1%), the hepatic lesions were predominantly distributed in the portal 
tract of the affected livers. The other 38 cases (33.9%) showed granulomatous lesions in the hepatic lobule. Many cases showed 
interface hepatitis. There was a significant relationship between focal lesions within hepatic lobule and splenic lesions. These 
findings suggest that granulomatous lesions formed in hepatic lobules upon establishment of bacteremia in pigs systemically 
infected with M. avium.

R é s u m é
Chez les porcs Mycobacterium avium cause des infections systémiques suite à une lésion intestinale primaire. Toutefois, la pathogénie de 
cette condition n’est pas clairement comprise. L’objectif de la présente étude était de confirmer les effets chez le porc suite à une infection 
entérale. Cent douze porcs infectés avec M. avium présentant des lésions hépatiques ont été utilisés dans cette étude. Nous avons examiné 
l’implication des autres organes et la distribution des lésions hépatiques dans la structure lobulaire. La plupart des lésions impliquaient les 
nœuds lymphatiques mésentériques. Les nœuds lymphatiques hépatiques étaient ceux impliqués en second lieu. Dans 74 cas (66,1 %), les 
lésions hépatiques étaient distribuées de manière prédominante dans l’espace porte des foies affectés. Les 38 autres cas (33,9 %) présentaient 
des lésions granulomateuses dans le lobule hépatique. Plusieurs cas montraient une hépatite d’interface. Il y avait une relation significative 
entre les lésions focales à l’intérieur des lobules hépatiques et des lésions spléniques. Ces trouvailles suggèrent que les lésions granulomateuses 
se sont formées dans les lobules hépatiques suite à une bactériémie chez les porcs infectés par M. avium de manière systémique.
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This is the first study to examine the relationship between the 
dissemination to other organs and the distribution of hepatic granu-
lomatous lesions with M. avium infection. The findings of this inves-
tigation will help strengthen our understanding of the pathogenesis 
of disseminated M. avium infections in pigs.

M a t e r i a l s  a n d  m e t h o d s

Materials for histological examination
Systemically infected pigs (n = 276) that were used in a previous 

study were examined in this study (12). All of the candidate pigs 
were reared on the Okinawa islands, approximately 500 km from 
the main islands of Japan. Most of the porcine breed was based on 
triple crossbred pigs (F1 hybrid Landrace 3 Duroc and their female 
parents Large-Yorkshire) or F1 (Berkshire 3 Duroc). A systemically 
infected pig was defined as a carcass with mycobacterial granulo-
matous lesions, as determined using histology, in the sub-maxillary 
or mesenteric lymph nodes, and any of the visceral organs. We 
excluded similar granulomatous lesions caused by Rhodococcus 
equi, Salmonella, toxoplasma, or ascarid through routine labora-
tory examination. The isolation of acid-fast bacilli was conducted 
using a previously described method (12). Mycobacterium avium 
infection was identified using DNA-DNA hybridization with the 
Amplicor Mycobacterium (Roche Diagnostic, Tokyo, Japan) and 
colonies isolated from affected organs. In addition, the isolates were 
examined by restriction fragment length polymorphism (RFLP) 
analysis of the insertion sequence (IS) 1245 and IS901. The tissues 
for histopathological examination were processed according to a 
generalized method; samples were fixed in 20% phosphate-buffered 
formalin, processed in paraffin wax, and sectioned into 4 mm thick 
slices. Sections were stained using hematoxylin and eosin (HE). The 
existence of acid-fast bacilli on these tissues was confirmed using 
Fite-Faraco staining. Cases with hepatic lesions confirmed to be 
caused by M. avium infection were included in this analysis. These 
porcine livers were used for analyzing the distribution of granu-
lomatous lesions according to the zonal classification of hepatic 
parenchyma described by Rappaport (18) and the classification of 
hepatic lobules. The tissues were classified into 3 groups: group A — 
individuals with lesions localized in the portal area; group B — indi-
viduals with lesions localized in the both the portal area and the 

hepatic lobule; and group C — individuals with lesions localized 
in the hepatic lobule. The classifications were done by examining 
at least 2 different tissue sections from each pig. Granulomatous 
lesions were classified into 2 categories with reference to a previ-
ously described classification (12). Briefly, “poorly demarcated 
granuloma” was characterized by clusters of macrophages and 
lymphocytes without capsulization. “Well-formed granuloma” 
was characterized by proliferative reactions with capsulization. 
In addition, the basic histopathological changes in hepatic lesions 
were examined based on results of HE staining. Histological assess-
ment was done by 2 pathologists and 2 practitioners specialized in  
hepatology.

Statistical analysis
Statistical analysis of the data was done using computer soft-

ware (Statview-J5.0; Abacus Concept, Berkeley, California, USA). 
Comparisons between groups, such as the distribution of granulo-
matous lesions in porcine liver, were done using x2 tests. Values of 
P , 0.01 were considered statistically significant.

R e s u l t s

Identification of species
One hundred and twenty mycobacteria were isolated from the 

affected tissues of 276 systemically infected pigs. Of these, 119 strains 
of the positive culture were identified as M. avium hominisuiss, which 
had a high IS1245 copy number (between 6 and 28) but did not have 
IS901, based on the RFLP pattern (data not shown). Overall, the hepatic 
lesions were confirmed in 112 of 119 systemically infected swine.

Organ involvement
In 112 cases with hepatic lesions infected with M. avium, the 

appearance of lesions in other organs and regional lymph nodes 
were evaluated and shown in Table I. The involvement of the spleen 
(8.0%) and lungs (6.2%) was relatively low. The hepatic lymph nodes 
(80.4%) were the second most commonly involved lymph nodes after 
the mesenteric lymph nodes (98.2%). The involvement of pulmonary 
lymph nodes (43.8%) was comparatively high.

Distribution of granulomatous lesions in porcine 
liver

The localization of granulomatous lesions was described based on 
the classification of liver lobules. Most of the lesions were localized 
in the portal tract, but the remaining porcine tissues showed local-
ization only in the hepatic lobules. Overall, 74 of 112 cases (66.1%) 
were classified in group A, 29 of 112 cases (25.9%) were classified 
in group B, and the remaining 9 of 112 cases (8.0%) were classified 
in group C (Figure 1).

Histological changes in the portal tract and 
hepatic lobule

Two histological characteristics of granulomatous lesions were found 
in the liver: Poorly demarcated granuloma (Figure 2A) and well-formed 
granuloma (Figure 2B). In the lesions that showed poorly demarcated 
granuloma, interface hepatitis with infiltration of numerous eosinophils 

Table I. Involvement of organs and lymph nodes of pigs with 
hepatic lesions caused by Mycobacterium avium infection

Organ involved Number of individuals Percentagea

Spleen   9  8.0
Lungs   7  6.2
Hepatic LNs  90 80.4
Pulmonary LNs  49 43.8
Mesenteric LNs 110 98.2
Submandibular LNs  60 53.6
Inguinal LNs  29 25.9
a Percentage of the total number of included pigs (n = 112).
LNs — lymph nodes.
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and lymphocytes was usually observed (Figure 2A). In the hepatic 
lobules, focal necrosis with infiltration of lymphocytes was frequently 
observed (Figure 2C). In the lesions that showed well-formed granu-
lomas, the proliferative granulomas displaced the normal structure of 
the hepatic lobule with limiting plates (Figure 2B).

Relationship between the presence of lesions 
in other tissues and the distribution of 
granulomatous lesions in the liver

We investigated the relationship between dissemination and 
distribution of the lesions in the liver. Groups B and C (shown in 

Figure 1. Classification scheme based on the distribution of the granulo-
matous lesions in relation to the hepatic acinar structure. A — Granuloma 
originating from the portal tract. Three zones are shown according to the 
zonal classification of hepatic parenchyma described by Rappaport (18). 
Granuloma localized in zone I exist in the portal tract without expan-
sion. Granuloma localized in zones II and III are expanding from zone I.  
B — Co-localized granuloma originating from the portal tract and the 
hepatic lobule. C — Granuloma localized in the hepatic lobule. Each photo 
shows an example of each classification (3100). The numbers in paren-
theses show the percentage of the total number (n = 112) of samples 
evaluated. CV — central vein. P — portal tract.

Figure 2. Typical granulomatous lesions and focal necrosis in the porcine 
liver. A — Poorly demarcated granuloma in the portal tract. It should be 
noted that this represents interface hepatitis with infiltration of numerous 
eosinophils and lymphocytes. B — Well-formed granuloma in the hepatic 
lobule. Note, the surrounding sinusoids are dilated by compression of the 
around hepatic lobule structure with the limiting plate. C — Focal necro-
sis in the hepatic lobule. Some lymphocytes have aggregated without the 
appearance of epithelioid cells in the lobule.
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Figure 1) were considered to represent the distribution of lesions in 
the hepatic lobules in this analysis. Seventy-four samples were clas-
sified as group A and 38 samples as B and C. As a consequence, there 
was a significant difference between the distribution of granuloma-
tous lesions in hepatic lobules and the involvement of the spleen, 
pulmonary lymph nodes, submandibular lymph nodes, and inguinal 
lymph nodes (Table II). However, there was no significant difference 
between the distribution of granulomatous lesions in hepatic lobules 
and involvement of the lungs, hepatic lymph nodes, and mesenteric 
lymph nodes (Table II).

In the following analysis, the relationships between dissemina-
tion and infiltration of eosinophils (n = 75/112) or focal necrosis in 
lobules (n = 78/112) were examined (Table III). As a result, there were 
relationships between the involvement of each of the hepatic lymph 
nodes, pulmonary lymph nodes, mesenteric lymph nodes, and sub-
mandibular lymph nodes and the infiltration of eosinophils within 
the hepatic lesion. In addition, there were relationships between the 
involvement of each of the spleen, hepatic lymph nodes, pulmonary 
lymph nodes, mesenteric lymph nodes, submandibular lymph nodes, 
and inguinal lymph nodes and focal necrosis in hepatic lobules.

D i s c u s s i o n
Previous studies have shown that the liver is the predominant 

target organ for MAC infection in pigs and human patients with 
immunodeficiencies (12,19–23). However, it is not clear why hepatic 

lesions are observed in most systemically infected individuals and 
how the organism spreads to the other internal organs from the liver 
or regional lymph nodes in the alimentary tract. We hypothesized 
that it would be possible to answer these questions by examining 
the distribution of hepatic lesions.

Some histopathological findings of hepatic granuloma in MAC 
infection have already been reported (24,25), but the distribution of 
hepatic lesions has not been described with great certainty. In this 
analysis using pigs, lesions were predominantly found in the portal 
tract, but the remaining cases had lesions within the hepatic lobule. 
Interestingly, a significant relationship was observed between focal 
lesions within the hepatic lobule and splenic lesions. Hersche et al 
(26) evaluated 200 cases of hepatic tuberculosis and reported that 
miliary or diffuse granulomas tend to be located inside hepatic 
lobules, whereas local forms are predominately located in the portal 
regions. Similarly, Oliva et al (27) reported that hepatic lesions are 
localized to the portal tract in patients with hepatic tuberculosis 
without obvious clinical evidence of pulmonary tuberculosis. These 
findings suggest that the lesions form in hepatic lobules upon estab-
lishment of bacteremia (28). Moreover, the lesions localized to the 
portal tract are formed once the organism reaches the liver via the 
portal vein (27). This perspective is supported by findings that the 
prevalence of hepatic lesions is similar to that in mesenteric lymph 
nodes (12). In addition, the findings that the lesions predominantly 
formed in portal tracts can be explained because the portal tract 
of the liver is a region with abundant capillary lymph vessels (29) 

Table II. Relationships between the presence of lesions in other tissues 
and the distribution of granulomatous lesions in the porcine liver

 Distribution
Organ involved A (n = 74) B 1 C (n = 38) P-value
Spleen (n = 9) 1 (1.4%) 8 (21.1%) , 0.01
Lungs (n = 7) 3 (4.1%) 4 (10.5%) 0.04
Hepatic LNs (n = 90) 59 (79.7%) 31 (81.6%) 0.62
Pulmonary LNs (n = 49) 23 (31.1%) 26 (68.4%) , 0.01
Mesenteric LNs (n = 110) 72 (97.3%) 38 (100.0%) —
Submandibular LNs (n = 60) 35 (47.3%) 25 (65.8%) , 0.01
Inguinal LNs (n = 29) 14 (18.9%) 15 (39.5%) , 0.01
Numbers in parentheses are percentages of the total number of samples classified 
into each  category based on the distribution of groups A and B 1 C, representing 
“A”, “B,” and “C” in Figure 1.
LNs — lymph nodes.

Table III. Relationships between the presence of lesions in other tissues and histological findings in the porcine liver

 Insertion of eosinophils (n = 75) Focal necrosis in lobules (n = 78)
Organ involved 1 2 P-value 1 2 P-value
Spleen (n = 9) 6 (8.0%) 3 (4.0%) 0.04 8 (10.3%) 1 (1.3%) , 0.01
Lungs (n = 7) 5 (6.7%) 2 (2.7%) 0.01 4 (5.1%) 3 (3.8%) 0.50
Hepatic LNs (n = 90) 65 (86.7%) 25 (33.3%) , 0.01 66 (84.6%) 24 (30.8%) , 0.01
Pulmonary LNs (n = 9) 31 (41.3%) 18 (24.0%) , 0.001 36 (46.2%) 13 (16.7%) , 0.01
Mesenteric LNs (n = 110) 73 (97.3%) 37 (49.3%) , 0.001 74 (94.9%) 36 (46.2%) , 0.01
Submandibular LNs (n = 60) 39 (52.0%) 21 (28.0%) , 0.01 44 (56.4%) 16 (20.5%) , 0.01
Inguinal LNs (n = 29) 17 (22.7%) 12 (16.0%) 0.07 22 (28.2%) 7 (9.0%) , 0.01
Numbers in parentheses are percentages of the total number of histology findings.
LNs — lymph nodes.
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and is a pathological niche that induces the initial antigen-specific 
immune response (30,31). Consequently, lesions in the portal tract 
might cause further dissemination to hepatic lymph nodes, a finding 
that may be supported by the evidence of frequent involvement of 
hepatic lymph nodes.

This study revealed significant associations between the appear-
ance of eosinophils in the hepatic lesions and the dissemination 
to other organs. Histologically, the appearance of eosinophils and 
lymphocytes is a characteristic finding indicative of the exudative 
reaction phase in pigs with disseminated infection (12). Continuous 
inflammation around the portal tract causes interface hepatitis (pre-
viously known as piecemeal necrosis) with subsequent expansion 
of the portal area in human chronic hepatitis (32). Similar findings 
were observed in this study; namely, the destruction of the limiting 
plate by interface hepatitis and expanded granulomatous lesions 
with invasion into the lobule. Thus, enlargement of granulomatous 
lesions with interface hepatitis may be responsible for the hematog-
enous dissemination in pigs systemically infected with M. avium.

In immunocompromised patients, such as those with AIDS, ret-
roperitoneal and mesenteric lymph nodes were the most commonly 
involved tissues (19–23). However, the existence of retroperitoneal 

lymphadenitis has not been reported in pigs (12). Recently, it was 
shown that, in orally infected mice, the bacteria remain viable in 
mesenteric lymph nodes after exposure to a small oral inoculum 
of mycobacteria, and can disseminate later (33). According to evi-
dence obtained from such mouse models and histological analysis 
of autopsy cases of AIDS patients, bacilli from the mesenteric 
lymph nodes of early lesions spread via the lymphatic system to 
the superior lymph nodes and then to the blood circulation as 
immune function declines (2,34). In pigs experimentally infected 
orally with M. avium, such pathogenesis was not observed (13,14). 
Thus, further dissemination from the mesenteric lymph nodes 
may not be a common occurrence in pigs, although lymphatic 
dissemination has been considered to be the primary pathway for 
distribution throughout the abdominal cavity in humans. In conclu-
sion, we believe that bacterial spread from hepatic lesions is a more 
critical event than dissemination from the regional lymph nodes of 
the alimentary tract in pigs. This pathogenesis is summarized in  
Figure 3.

The limitation of this study is that the hypothesis is based on 
histopathological observation. Further studies with tracer systems, 
such as quantitative assays with fluorescently labeled organisms 
(35), are warranted to test this hypothesis.
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