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SUMMARY.

Sixty-five diseased submavillary lymplh nodes of pigs were studied
wmacroscopically, bacteriologically, histologically end by animal ineculation. Iu
eddition, 75 norinal nodes were examined bacteriologically and 20 of them also
histologically.

Corynebacteriuin equi was recovered from 36 of 38 nodes with tuberculosis-
Like lesions. It was the sole organism in 14 of these nodes and is regarded as being
responsible for the pscudo-tuberculous lesions. No cvidence was found that airy
of the musccllancous other bacicria frequently associated with C. equi, or any
migrating parasitic larvae, were responsible.

Of the 15 nodes diagnosed by meat inspectors as tubcerculous, tubercle
bacilli were vecorered from 8. The strains were all of bovine type. €. equi was
isolated from 9 nodes in this group, including 3 nodes in which C. equi was
associated with tubercle Dbacilli,

The lesious duc to C. equi are distinguished from inberculosis in thet the
coryncbacterial nodules ave spherical or oval in shepe, encapsulated and readily
enucleated. Histological coamination is of litile value in differentiating the fwo
conditions, but o dense, though often rather narvotwy, fibrous capsule around €, equi
lesions is a fairly constant distinguishing histological feature.

C. equi was found olso in 22 of 75 normal end in 2 of 12 nodes showing
a nek-like mottling in a restricted area of otherwise normal Iymph node tissue.
The net-tike paiteri was shotn to be due in part to proliferation of the trabeculae
and probably also to distcnded sinuses. The condition apparently represents a
healing process from a previous local bacterial infection.

The partial acid-fastuess of C. equi was confirmed. About 22% of the 68
strains studied did wot hydrolvze urca and 4% did not produce H,S. Marked
eosinophilia in the bvinph nodes in coryucbacicrial infection is apparcntly of o
stgnificanice, as this is seen also in normal inph nodes.
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: INTRODUCTION.

The recovery by Iolth and Amundsen {(1936) in Norway of a gram-
positive and partly aecid-fast ‘‘coecobacillus’’ from presumably tubereunlous
“eervical’’ lymph nodes of pigs, but from which no tuberele bacilli were
recovered, has given an impetus to further study on the oceurrence of
tuberculosis-like lesions in pigs’ lymph nodes. In Scandinavia, Plam (1833),
Jesperson (1938), Magnusson (1938) and others econfirmed the frequent
assoeiation of this “‘Iolth bacillus™ with tuberculosis-like lesions ,n the
submaxillary nodes of pigs. Bendixen and Jepsen (1938) identified this
organism as Corynebacterium equi, a diphtheroid whiech was first deseribed
Ly Magnusson (1923) as a eause of specific pnewmonia and pyogenie lesions
in foals. .

C. egni has been subsequently recovered in many other countries.
McDenald (1942) and Woodroofe (1950) isolated it from tuberculosis-like
lesions in the submaxillary nodes of pigs slaughtered in South Australia.
A study was therefore undertaken to determine (¢} the cause of the lesions
resembling tuberculosis which freguently have been observed in the sub-
maxillary nodes of pigs slaughtered in Queensland and usvally referrved to
by meat inspectors as ‘‘worm’ unodules, and (%) whether these pseude-
tuberculous lesions have any characteristics which might faeilitate their
differentiation fremn true tuberculosis.

MATERIAL AND METHODS.
Source of Material.

The specimens examined in this study were the submaxillary Iywnph nodes
of pigs slaughtered at the Doboy bacon factory in Brisbane duving the months
from Mareh to August, 1952,

Specimens were collected on 17 cecasions, usvally at weekly intervals.
The carcases from which the specimens were taken were examined for any
gross lesions. In routine inspection the left node was incised first. T it was
found to e diseased, it and the intact vight node were placed in separaic
gterile jars and examined in the labovatory. If the right node showed lesions
similar to those in the left node it was used for further stndy. The left nodes
were discarded. A record was made of the meat inspeector’s diagnosis, source
and age of the pig, and the presence or absence of kiduey worm (Stephanurus
dentatus) infestation.

Examingtion at the Laboratory.

Tach of the speeimens (vieht node) was freed from surrounding tissue,
plunged into boiling water for 7-10 seconds, and kept in the refrigerator in a
separate petri dish until all specimens were dealt with, which was usually
within 4-6 hours after coliecting the first specimens at the abattoir. HKaeh
node was then secticned wnder aseptic precautions and cxamined for gross
abnormalities. 1f there were no lesions or if the lesions differed from those
in the left, the node was discarded. In the case of visible lesions, their size,
shape, nwmber and distvibution, colour, consistency, presenee of a capsule
and ease of enueleation were recorded.
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Bacteriological Methods.

A portion of each node containing lesions was wade inie 2 suspension
by grinding with sterile sand and gradually adding saline solution up to 5 ml.
Following sedimentation of the lavger particles, loopfuls of the supernatant
fiuid were iransferred on to a 109% sheep’s blood-agar-plate, a Loeffler’s serwta
slope and at least two of cach of Dorset’s and Lowenstein-Jensen egg media.
The blood-agar-plates were examined after 24 hours and 48 hours of incubation
at 37°C. Loeffler’s serum slopes were examined for €. egqui after 48 hours’
incubation and then at weekly intervals for 4-6 weeks. The egeg media were
examined for growth of tuberecle bacilli ut weekly intervals for 6-8 weeks, and
then discarded if ne growth appeared after this time.

To prevent the growth of contaminants, which sometimes interfered with
the detection of tuberenlous eolonics, a modified teehnique was applied in a
later group of 10 specimens. After dealing with the nodes in the usual way,
the content from one or several encapsulated lesions was shelled out aseptically
and gromnd up with 2 little sterile sand and approxiwately 0.5 ml of saline
solution to a uvmiform milky suspension, A loopful of this suspension was
spread over a blocd-acar-plate and a Loeffier’s seruun slope for detection of
O. equt, and the remainder of the suspension was then diluted to 4 ml. with
nore saline solution, 2 ml. of which was used to inoculate guines pigs. The
remaining 2 ml. was divided equally into twoe sterile centrifuge tubes, each of
which contained 1 ml. of sterile 5% oxalic acid solutlon. Where the lesions
were exiensive and in masses, so that no single nodules eould be separated,
whole lymph node tissue was ground up to make the suspension and dealt with
in a similar manner. The eenfrifuge tubes were incubated at 37°C. for 30
nminutes with frequent shaking; 10 ml, of sterile saline solution was then added
to each tube, the tube plugged with cotton-wool and centrifuged for 30 minutes.
ATl but 6.5 ml of the supernatant fluid was discarded, and the sediment
thovoughly mixed with the fiuid which remained by means of a platinum loop:
With a capillary pipette all the suspension from both tubes was then spread over
four Dorset’s and four Lowenstein-Jensen ege media.

In addition, in cases where normal tissue was available in the diseased
Iymph nodes, several sections of such tissue, surrounding but remote from the
lesions, were smeared directly over the surface of a sceond bicod-agar-plate.

The presumably normal lymph nodes, showing ne visible lesions, weve
examined for the presence of C. equi or other bacteria but not for tubercle
haeilli,. For this purpose eunt sections were directly smeared over blood-agarv-
plates, as this method in a special trial gave a higher incidence of €. equi
erowth than did ground-up suspension of the same node.

Guinea Pig Inoculation.

Two animals were each inoeulated subcutaneously into the thigh with
1 ml, of untreated {(no oxalic acid) emulsified lymph node tissue or with the
suspension of the content of the nodules. One animal from cach pair was
killed about a month later, and the other after 6-8 weeks. Tuberculosis was
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diagnosed usunally by the gross lesions, but smears and cualtures were made from
any abnormalities in the regional lymph nodes, spleen or liver. In case of
negative post-mortem findings the spleen was cultured to recover any tubercle
bacilli of the avian type, which as a rule does not produce gross lesions in
guinea pigs, but which way be cultured from spleens of normal appearance.
No animal inoculation was done with normal specimens.

At autopsy, blood was tested for Brucelle agglutinins..

Histological Methods,

Selected portions of each node, contaning half of a lesion or more, were
fixedd in 10% formolsaline selution. Seetions were stained with hematoxylin
and eosin, and by Ziehl-Neclsen using methylene blue as counterstain,

Of the normal speeimens only 20 were studied histologically.

RESULTS.

Altogether, 140 lymph nodes (right side) were selected for examination.
All of these were found in the laboratory to have the same gross appearance
as their left side counterparts, which had been classified in the abattolr by the
meat inspectors as follows:—15 as tuberculous, 38 as pseudo-tuberculous, 12 as
Hoottled?’? and 75 as normal lymph nodes. This classification, which was done
by two inspeetors, was not altered during the study, though for scie specimens
presumed tubercnlous, close examination in the Jaboratory raised a slight doubt
as to their tubevculous nature.

Tuberculous Nodes. Pathology.

Of the 15 specimens, 7 on closer study were recognized as being
indisputably tubereulous (veferred to as 1st sub-group). They were
characterized by marked enlargement and fibrosis of the nedes ('‘potatoes’™)
with extensive masses of caseous or caseo-calcareous material, the whole usualily
surrounded by a strong fibrous capsule. The lesion itself was usually divided
by interlacing fibrous strands, and occupied either the whole or the greater
portion of the node. In six instances these lesions were the only ones detected
in the animal at the abattoir, but in the seventh ease {No. 127) characteristie
tuberenlous lesions were found also in the liver and bronchial nodes.

In the remaining 8§ specimens (sub-group 2), where a doubt avose on the
true chavacter of the lesions, there was no enlargement and fibrosis, and instead
of a diffuse casealion, few to wultiple discrete lesions were present, ranging
from the size of a pinpeint up to 2-3 pmn. across, and except in one case
(No. 130) apparently not encapsulated. The nodules, spherical or oval in shape,
showed a cream-coloured or yellowish disecloration, and thehr caseous or gritty
eomntent was as a rule enuecleated only with diffienlty. Only in few instanees
could the Jarger nodules be enueleated more readily, while the smaller lesions 1
the same specimens were comparatively fast in the tissue. In one case (No. 1),
in addition to the diserete non-capsulated and gritty nodules, tuberenlous lesions
were seent also in the liver and bronehial nodes.
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Pseudo-tuberculons Nodes.

The 38 nodes in this proup were classified by the inspectors as ‘“‘non-
tuberculous’ on the grounds that no small lesions of pinpeint size, a feature
which was thought by them to indieate a tubereulous infection, were cbserved
when the nodes were incised and examined. “They contained, however, larger
ciserete nodules, usually enclosed by a visible capsule, from which the contents
were readily enucleated. During this study, when the specimens were collected,
the incidence of these apparently non-tuberculous nodules in the submaxillary
tiodes of pigs slanghtered at the Doboy bacon factoryv was vecorded; it was
found to be between 3.53% and 7Y, while only in one of every 10-20 of such
animals did the gross lesions suggest tubereulosis. Often several pigs from
the same farm showed these diserete encapsulated lesions.

Closer examination, however, revealed that though nodules were usually
more or less uniform in size, ranging from 1 min. to 4 mum., rarely up to b min.,
in diameter, small Jesions of pinpoint size or even smaller were often present,
but were detected only mieroscopically,

The number of lesions in any one node varied as follows .—5 nodes showed
1 lesion, 13 nodes 2-5, 9 nodes 6-10, and ancther 9 nodes 11-20 or more nodules.
In three nodes, in addition to the diserefe nodules, there were one or two pear-
shaped conglomerates, conposed of 5-8 single nodules surrounded by a ¢ommon
capsnle. Each single nodule within the conglomerate was distinet and easily
separated.  The lesions were usually scattered at random in the lymph node
tissue; in some they were concentrated in a certain portion or towards oue
pole of the node. Where the lesions were superficial, their presence and contour
were evidend before incision.

The colour of the lesions ranged from off-white in 219 ol cases to
eream-coloured in 609 and slightly yellowish in 19%;. Tiwo specimens showed
a slight preenish tinge,

In one specimen (No. 43), which econtained several lesions from pinpoint
size up to 3 wm, in diameter, the shape of the larger nodules was irregularly
angutar, the smaller being elongated or voinma-shaped, and thus guite different
{vomn the usual spherical or oval-shaped nodules of the other specimens in this
group. As no capsule formation conld be distinguished avound these lesions and
enueleation was difficult, a doubi arose as to the correet classification of this
specimen by the inspector. IHowever, the examinalion at the abatfoir was
deliberately smperficial.  The left submaxillary node was normal and the lesions
Jdeseribed here were revealed in the opposite node after a single incision. The
enucleation test was omitted to preserve the specimen, and the lymph node
was tentatively judged as non-tubereulous beeause of the discrete nature of
tlie lesions seen on the eut surface, Later, tubercle bacilli were recovered from
this speeimen by guinea pig inoculation.
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Fig. 1.

Tuberculosis-like Lesion in the Submaxillary Nede of a Pig, The intermediate zoune
between the peripheral dense (in this ease rather thin and not complete) fibrous capsule and
the central caseating area is a graunlation tissue with o cirenlar arrangement of the fibres, in
which are enmeshed lymphoeytes, macrophages and o few epithelioid cells. (. egui was
isolated from this speeimen. (x45).

A ready enucleation of the lesions and the presence of a capsule, eriteria
used as the main characteristics for classification of the lesions as non-
tubereulous by the inspectors, were featuves given careful consideration when
the specimens were studied in the laboratory. By cutting with a sharp sealpel,
a definite layer, suggestive of a capsule, was observed in lesions over 2 mm. in
diameter. This layer was absent in only one specimen (No. 43). The thickness
of this layer varied from about 1 mim. down to a small fraction of 4 millimeter.
The content of these nodules was readily enucleated with the peint of a Lknife
or by slight manual pressure, and a smooth or slightly pitited depression was
left behind. The capsule itself in some instances scemed to have a variable
thickness.

The other nodules in the same nodes, noticeably the smaller ones less than
1.5 mm. aeross, often did not indicate a capsule to the naked cyve, but the
content usnally was readily enucleated. In the very small lesions, from 1 mn.
down fo pinpoint size, the enucleation usunally followed only after using strong
pressure. )
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Enenpsulated Coryuebaecterial Lesion in whieh the caseating eentre is more irvegular in
Shape thun in Fig. 1. Most of the eentre was lost in preparing the tissue for histologic
seetions. The intermediate zone shows, instead of a cirevlar and regular arrangement of the
fibres, a more irvegular pattern, resembling to some cxtent tuberculous granuiation tissue,
One giant ecll ean be seen embedded in this granulation tissue. Several small ealeified foci
are present in the neerotie centre and 2lso in the granulation tissue zoue. (x60).

The content of the lesions In gemeral showed great variation in
ecnsistency, but as a rule, lesions of about equal size in the samne node were
more or less uniform in this respect. The very small lesions, from pinpoint
size mp to 1 mm. across, were often dry or gritty. In the larger nodules, the
consistency varied from soft caseous or putty-like to firm caseous or dry, giving
a feeling of calcium deposition. Caleification was never complete, at least
in the larger nodules, but even the most gritty of the smaller nodules was
compressible between glass slides, disintegrating into mortar-like granular
particles. In a few specimens, the content of the lavger lesious had a somewhat
firm elastic character, and would slip away when compressed under a shide.
The content of sueh nodules was easily expressed by applying slight pressure.
Tn gencral, a distinet classification of the lesions according to their gonsistency
was never suecossful, because considerable variation in consistency often
accurred in the nodules of the same lymph node. Entirely soft toothpaste-
like consistency was seen in three or four specimens eontaining also podules
with & firmer material. -

In four specimens, some of the larger lesions, 3-4 wmni 2cross and with
a putty-like or firm caseous or elastic material, seemed to be composed of
saveral more or less distinet layers. The content as a whole was easily enncleated
from the surrounding eapsule, but did not fall into layers when separation was
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Tig. 3.

An Eneapsulated Corynebacterial lesion whieh has a striking resembiance fo 2
Conglomerate Tuberele. Numerous giant and epithelioid cells, enmeshed in the granuiation
tissue, emphasize the resemblanee to tuberculosis, €. equi, but no tuberele baeilli, was
recovered.  (xG0).

Fig. 4,

Seetion of o Mottled Lymph Node. Apart from s proliferation of the fibrous strands
of the trnbeculae, a large number of vaculoes is preseut in the Iyinphoid tissue. Maouy of
the smailer vaeuoles are in contluence in elusters or in rows, but the lnrgest vacuoles ure seen
in the primary unodules, where they have replaced the germinal eentres, (x50},
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attempted. It ounly became evident on close cxamination that the central
portion contained a somewhat drier or granular, mortar-like material, whereay
the peripheral layers were more smooth and uniform in texiure.

‘““Mottled’’ Lymph Nodes.

This mottling, which consisted of small arcas of fine, whitish, net-like
interwoven lines of variable thickness, 0.1-0.5 mm. in diameter, was met at the
abattoir quite often in submaxillary nodes which otherwise looked fairly
normal.  Ag¢ a rule it occupied one or several scparate lobules of the lymph
node, but was usually restricted to the periphery of the tissne. It was readily
secnt through the lymph node capsule, but hecame more distinet in cut seetions.
It oecurred in pigs 5-9 months old, which was the usnal age of the animals
brought for slaughtering. In the younger pigs this mottling was usually less
developed than in older ones, in which sometimes a large portion of the node
was involved. The greyish-white ceut surface then resembled to some degree
a primary tuberculous caseation.

Twelve such nodes were studied baeteriologically and histologically.

Normal Lymph Nodes,

The cut surfaces of the 75 specimens studied were in general of normai
appearance. However, 16 nodes showed a slight to rather definite injeetion
with pinpoint—to pinhead-sized haemorrhages throughout or in portions only
of the lymph node tissue.

Bacteriology.

The results are swmmarized in Table 1.

Mycobacterium tuberculosis.

Tubercle bacilli were recovered from 8 of the 15 specimens classed as
tubereulous by the inspectors, and from 1 of the 38 specimens elassified as
non-tuberculous. No tubercle bacilli were isolated from ‘“‘mottled’’ nodes.
Normal Iymph nodes were not examined for tubercle bacilli,

Table 2,
RECOVERY OF TUBERCLE BacCILii AND €. equi ¥roM INSEASED Lyupn NODES.
'_' - o |
Group. Specimens. ‘[‘“lggzgi\cm?&fm' . equi Recovered,
Tuberculous-—
Ist sub-group .. 7 7 3
Znd sub-group. . - 8 i G
Total .. .. 15 8 9
Pseudo-tuberculous .. 38 1 | 38

In the tuberculous group (Table 23, tubercle bacilli were recovered from
all the seven speeimens placed in the first sub-group, but in the second sub-group
from only one of the specimens (No. 1), which showed gross lesions also in the
liver and hronchial nodes,
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Ignoring for the present the varvious other orgamisms, such as
streptococci and micrococel, which were frequently found, then out of these
eight bacteriologically confirmed tubereulous cases, M. tuberculosis was isolated
alone in five instances, while in the remaining three C. equi was recovered as
well. '

Tuberele bacilli were isolated onee ouly in the pseudo-tuberculous group.
This was No. 43, which had shown the atypieal, irregularly shaped lesions with
no capsule. The submaxillary node of another pig (No. 42) from the same
farm revealed only (. equi, although the lymph node in this pig contained 20
or more lesions of varable size, some in conglomerates. Capsule formation was
distinet in the larger nodules, and their shape typically spherical or oval with
contents veadily enucleated,

Appearance of the colonies obtained cither diveetly or by culture from

the lesions produced in guinea pigs on Dorset’s and Lowenstein-Jensen egy
riedia was suggestive of the bovine type of M. tuberculosis.

Corynebacterium equi.

Description of the Shroains Recovered—Identification of the (. equi
straing recovered in this study was based upon the morphology, staining
properties, cultural characteristics and biochemieal reactions presented in
Bergey's Manual of Determinative Bactericlogy (1948) and by Morse (1950).

The pleomorphism of the organism was clearly evident. In nutrient
broth the bacillary form was predominant, with frequent oceurrence of the
branching or V arrangement of the rods. On solid media usually the coecoid
form was represented, often in short chains, giving the impression of a
mierococens,

Good growth on blood-agar-plates followed within 48 hours of incubation,
showing the characteristic large (up to 8 mm. in diameter), smooth, glistening,
semi-transparent and slightly raised wucous eolonies. A slight pinkish
discolouration was apparent after longer incubation. No haemolysis oceurred.
On Locffler’s serum slopes the usually confluent growth showed this pinkish
colour within two days of incubation. On the egg media the initial growth was
smooth and salmon pink after two days, but it acquired a finely rugose or
coarse pebbled surface when ineubated longer, the colour gradually deepening
to briek red.

None of the strains produced acid or gas {rom glucose, lactose, sucrose
maltose or mannitol. Gelatin was not liquefied, and Loeffler’s serum and milk
agar slopes were not digested. The ability to hydrolyze urea in Chyistensen
medium was variable. The majority of strains were active hydrolyzers, but
many were less active and 15 strains of 68 (22%) were inactive in this respeet,
even after incubating for 12 days. Similarly, the production of H,3 was
variable, and approximately 4% of the sirains were inactive in this respect.

The partial acid-fastness of €. equi was readily demonstrated in all
strains by the presence of pinkish or ved stained spheres or ovals in fitms
treated for 5 minutes with 25% HCI solution during staining by Ziehl-Neclsen.
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No acid-fast forms were seen during the first 24 hours of incubation,
cither in liguid or on solid media. The fivst acid-fast forms were demonstrated
afier 48 bours, but their number varvied greatly. In nutrient broth usually only
very few were present in a whole loopful of the flnid culture, but in some strains
up to 20% of the organisms visible in a microscopic ficld showed acid-fastness.
On solid media their nuber was usually higher, but still varied considerably,
Some strains showed only very few, but in others thelr number was roughly
from 1% up to 10% or even to 20%. Comparmg different solid media, it was
found that on the Lowenstein-Jensen media thelr meidence was higher than on
nutrient agar slopes, while some strains on agar showed initially a higher
incidence than on egg media, but after a peak was reached on the third or
fourth day, the number dropped, and a week later few or no acid-fast forms
at all were detected. On egg media, the peak was usually reached in the
second week, and high incidence was maintained for weeks, though strains often
varied eonsiderably among themmselves. In fluid mnedia the acid-fast forms
disappeared usually after six weeks.

The degree of the acid-fastness was not uniform, as often in the same
film forms were found which had shown a lower resistance to the decolorizing
agent, as judged by their pale or only very slight pinkish eolour. In others the
heginning of a probably ‘‘acid-fast phase” was indicated by the appearance
of small red dots in one or both poles of the otherwise bluish stained oval, when
methylene blue was used as eounter-stain.

In addition to the typical predominant oval or coccoid forms, long ov
short plwnp rods, usually with one end tapered, or pear- or comma-shaped acid-
fast forms weve also observed. They were encountered in broth and egg media,
but not in.nutrient agar slopes. The earliest appearance was after three days
of inenbation, but usually they appeared from the second week enward with
increasing frequency. However, their number was generally low, and the oval
or coceold forms always predeminated.

That all these multishaped aeid-fast forins were really €. equi was
proved to some extent by the fact that single red-stained ovals or spheres were
often found within nunbroken chains of organisms of the same shape. Further,
the appearance of the growth in subeultures on blood-agar-plates and egg
media, and the examination of the colonies and filwis from the latter, did not
reveal tuberele bacilli or contamination of any kind, cven after prolonged
incubation. In four cases 1 ml of the broth cultures eontaining these multi-
shaped acid-fast forms was inceulated subentaneously into guinea pigs, but
no tuberculous lesions were produced.

Recovery of €. cqui~-Nine strains of C. equé were recovered from the
tuberenlous group (60%:) and 36 strains from the pscudo-tuberculous group
{94-7%}. No growth was obtained from one specimen of the psendo-tuberculous
group, but typleal acid-fast forms of this oreanism were seen in direct sinear
from the ealcified nodule material. Two straing were obtained from the
“anottled”’, and 22 strains (29.3%) from apparently normal Iymph nodes.

In the group classed as tuberculous by the mspeetors (15 nodes), €. equi
was the only Isolation in six cases. All of these weve in the second sub-gronp.
(. equi was also recovered In three specimens in the first sub-group together
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with M, ftubercrlosis. TFrom two cases in the second sub-group no €. egui was
recovered ; in one of these (No. 1} tubercle baeilli were isolated alone, and in
the other (No. 26) an unidentified non-haemolytic corynebacterium was
recovered together with a non-pathogenic saprophivtic mycobacteriun.

In the pseudo-tubeveulons group only two specimens failed to yield
C. egui.  One was sterile, but from the second, microcoeel were cultivated.

In the majority of eases, /. equi was isolated by using ag inoculum a
suspension of the diseased lymph node tissme. In nine cases, however, where
the content of the nodules was used for eulturing, (. equi was recovered frow
all nine as ecompared with five reeoveries only when in the same specimens the
surrounding normal tissue away from the lesions was used for plating. In all
these nine casecs, C. equi was the scle organism recovered from the content of the
lesions. DBy plating of the surrounding tissue of the same nodes, haemolytic
streptoeocel and /or micrococel as well were isolated In six Istances.

Saprophytic Non-pathogenic Mycobacteria.

These were recovered in diveet culture {rom seven speeimens—-three from
the tuberculous {2nd sub-group) and fowr from the pseude-tubereulous
speciinens. None of these strains was pathozenie to guinea pigs when 1 mi of
& heavy suspension of pure culture was ineenlated subeutaneously. Only one
strain produced an abscess at the site of injeetion, but it was not recovered
from the regional lymph node, liver or spleen, whieh showed no gross changes,
These strains showed a rapid and profuse growth on nutrient agar and on egg
media. Some straing produced a profuse prowth after 2-3 days of imcubation,
but the others showed a definite growth from the [fth or sixth day onwards.
Three straing produced an orange-coloured, smooth, confluent growth, and were
later identified as Mycobacterium phlei, using the technique deseribed by
Gordon (1937). The remaining strains were not identified, but some appeared
to belong to group IlIb in CGordon’s tabulation (Mycobacterium sp.).

Miscellaneous Organisms,

In addition to the organisms alveady dealt with, various other baeterial
types, as shown in Table 3, were recovered. The gram-negative organisms were
mostly coliforms; pasteurella was present in one specimen in the pseude-
tubereulous group.

TFable 3.
MISCELLANEOUS BACTERIA RECOVERED FROM THE SPECIMENS EXAMINED.
|y tnematstio | . U Grame |
Group. .:’\;]‘mgf;ngf E'Hu'w{giéggohc Mierococei. 5‘2&!3{}0' ld;g:;;ﬁz\l;b . Protens. Sterile.
Tuberculous .. i5 3] 8 3 2
Pseudo-tuberculouvs 38 12 12 3 4] 1 i
Mottled i2 7 3 3 3
Wormal, total 5 38 ? ? 2 3 13
One  bateh  of 20 |
norinal lyraph i
nodes .. .. 20 8 8 F it 1 B
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The general finding was that either one only or tweo or more different
organisms in any combination were represented simultaneously either alone or
in associalion with tubercle bacilli and/or €. equi (see Table 4).

Table 4.
IxcipENCE orF Varicus COMBINATIONS OF wHi MISCELLANEOUS BagrEria (TUBBRCLE Bacinyz
AND . egui BXCLGDED).

o One kind of organism Two different organisms | Three different organisms
roup. present. present. ! Dresent.
Per conb, Per cent. Per cent.
Tuberculons .. - 33-3 53-3 ..
Pzendo-tuberculous .e 316 263 36

Mottled . .s .. 30:0 50-0

In the pseudo-tuberculous group one node was sterile and in 14 ecases
out of 36 specimens (approximately 40%} C. equi was found alone,

In the group of normal lymph nodes, no detailed examinations were
cotpleted for all the specimens, but 15 nodes (209 ) were sterile. In the others,
twe, three, or more organisms were often recovered simultaneously. In one node
with small haemorrhages, five different organisms, ineluding €. aqui, were
1solated. There is, however, the possibility that some airborne contamination
may have ocenrred during the manipulation of the material. On two occasions,
when blood-agar-plates were kept uncovered for half an hour in the abattoir
and at the laboratory bench and then incubated, various baeteria grew, but no
haemolytic streptococei, though the latter were recovered from the material
dealt with on the same day. This suggests that streptococel at least were
definitely assoelated with the lymph nodes examined. OFf the haemolytic
streptococel veeovered from the tuberculous-and psendo-tuberculous specimens,
eight strains were studied biochemically and serolorically. Three of these
belonged to Lancefield group C. Four of the others appeared biochemically to
be Str. boues, and one Sir. faecalis.

Bacteriology of the Haemorrhagic Nodes.

In 16 cases small haemorrhages were scen in otherwise normal lymph
nodes.  The condition was also scen in three nodes in the tuberculous, and
in two nodes in each of the psendo-tubereulous and ‘‘mottled’” groups, but ne
definite correlation was found between the baeterial flora isolated and those
haemorrhages. In some cases such nodes were sterile.

Brueellosis,

No Brucella agglutinins were demonstrated in any of the 140 guinea pigs
inceulated with material from the tuberculous, pseado fubereulous or mottled
Iymph nodes, and examined 4-8 weeks later.

Hi .
Tuberculous Nedes. istology.

Histologically advanced tuberculosis was noted in all those lymph nodes
in this group which had yielded tubercle bacilli, Though no tubercle bacilli
were detected in sections stained by Ziehl-Neelsen, the histology was typical of
tuberculosis.
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In the advanced eases in this group (sub-group 1, Table 2) the normal
lymph node elements were to a large extent replaced by tubereulogenie
granuiation tissue, in which the typical epithelicid-cell-tubereles were present
in great numbers either singly or more commeonly wunited into larger
conglomerates. Freguently the whole conglomerate had undergone caseous
neerosis, revealing then to the naked eye angular or irvegularly shaped cores
of 2-4 mm, across. In many speeimens the neerotic and caseating masses were
fused together into larger caseous areas, in which multiple caleified foci were
seattered. Considerable quantities of flbrous tissue in the formn of strong
interlacing bands were present in all specimens examined. It was often so
arranged as to snggest in places the presence of a eapsule. On microscopic
examination this was actually thonght to be so in specimen 127. However, a
trne fibrons capsule as deseribed later for the typical pseudo-tuberculons
lesions was not evident, though frequently capsule formation was suggested
by the presence of a few layers of Joosely arranged fibres around the periphery
of the tubereles. Additionally, capsule formation was suggested Dy the reticular
fibres of the tuberculogenic granulation tissue itself. Usually the latter bad a
rather irregular pattern, but showed a more eireular and regular arrangement
of the fibres when enclosing the tubevculous foci, probably due to COMPression
by the expanding tubereles.

In specimen 43, the single specimen in the pseude-tuberculous group from
which tubercle baeilli were isolated, no fibrosis of the lymph node tissue was
present and no tubercudogenic granulation tissue was deteeted around the
diserete multiform lesions. The latter were of variable size and not sharply
outlined against the surrounding lymphoid tissne. In fact, a tumour-like
infiltration of the normal lymphoid tissue with epithelicid-type cells in the
periphery of the irregular necrotic lesions was the most noticeable feature.
Multiple microscopic islands of epithelioid eeils, often comprised of only few
odd cells, were dispersed in the lymphoid tissue, but were found in greater
concentration especially around or in the vicinity of the larger lesions. The
central portions of the lesions, apparently formed by fusion of smaller units,
showed a coagulative neerosis with multiple scparate aggregations of neutrophils,

In the remaining lymph nodes in the tuberculous group, none of which
had revealed viable tubercle baeilli (sub-group 2, Table 2}, but all of which
had vielded corynebacteria, the histology, thongh simulating tuberculosis to
some extent, was somewhat different and rescmbled the histology of the pseudo-
tuberenlous lesions deseribed below.

Pseudo-tuberculous Nodes.

The general histological picture of the psendo-tuberculous lesions, which
mostly had yiclded corynebacteria but, except for case No. 43 noted above, no
viable tuberele bacilli, was of a spherical or oval-shaped discerete nodule with a
caseating centre and a definite fibrous capsule. This eapsule, usually very dense
though sometimes rather thin and not always complete, was charactertistic for
most of the lesions, even the smallest where macroseopically no capsule was
detected. The capsule was present also around the lesions in the specimens
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of the 2nd sub-group (Table 2) of the tuberculons group, which macroscopically
had not indicated the presence of a capsule. However, it became apparent that
the peripheral layer of the lesions, which often on maevoscopic examination was
diagnosed as the capsule, was notf always the true or fibrous capsule alone. The
latter was in many instances so thin as to render its recognition very unlikely
by the naked eye. In fact, a variable portion of granulation tissue, representing
the intermediate zone between the fibrous capsule and the neerotic or cascating
central mass, was nearly always seen to adhere to the capsnle proper when the
content was removed, so increasing the total thiekness of this eapsulce to visible
proportions. In two speeinrens, in addition to the typical encapsulated lesions,
one nodnle was found in each specimen where a dense fibrous capsule as
absent. The respective nodules were about 4 mm. in diameter. Arvound the
centrally situated, fused, calcified foei, a fow connective tissue fibres were seen
fo encirele ineompletely some of the caleified single foel, external to which was
found a wide (1-1.5 mm.), typical tubereulogenic granwlation tissue, which
macroseopically gave the impression of a definite capsule. This sranulation
tissue imperceptibly disappeared into the adjacent normal Iymph node tissue.

The intermediate zone, mentioned above as situated between the eapsule
and the neerctic centre, was best seen in larger nodules and consisted of 2 Ioose
granulation tissue with a civeular arrangenient of the fibres. Its width was
wariable, but in most cases it was about two or three times as wide as the
corresponding true capsnle. This granulation tissue was composed of a network
of undifferentiated fibres with many fibroblasts, lymphoeytes, macrophages and
epithelioid cells. In some of the nodules, where the central necrotic mass was
irregular rather than spherieal, the granulation tissue filling the space between
the capsule and the necrotic centre had a more irregular pattern, then strongly
resembling tuberculogenie granulation tissme. The resembiance was emphasized
by the presence in this intermediate zone of few to many multi-nucleated giant
eells in addition to the epithelioid cells.

In lesions of pinpoint size, the intermediate zone mostly was absent or
indistinet, so that the usually ealeified centves were divectly in contact with the
fibrous capsule.

The central portion iu the larger nodules was usually in an advanced
stage of easeous necrosis. Usually several or many irreguiarly fused caleified
foci were seen either centrally or in the periphery of the neerotic mass in dryish
or gritty lesions, but caleiwm deposition was apparent also in the lesions with
easeous or even soft, toothpaste-like content. In such lesions there was a
nnifeorm fine dispersion of the mineral saits all over the caseous material, In
the firmer nodules, however, these salts were concentrated in the periphery of
the necerotie centre in the form of a darker stained zone. In a number of lesions,
smaller or larger calcified foei were seen seattered also in the intermediate or
granulation tissue zone. Exceptionally, odd lesions were seen in sections in the
form of non-caseous, conglomerate tubercle-like units composed of small tubercles
with the characteristic cells of tuberculosis. These conglomerate units were as a
rule encircled by a more or less definite fibrous capsule. €. equi, but not tuberele
bacilli, were recovered from these lesions.
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In a few nodules, where macroscopically a phenomenon of concentrieity
was seen, this was recognised also histologically, where the following zones eould
be distinguished, starting from without. Firstly, a distinct and nsually dense
fibrous capsule ; next an intermediate zone of granulation tissue about twice as
wide as the former. The intermediate zone could be divided again into an outer,
darker stained zone with a predominance of lvimmphoeytes, and an inner, less
ecllular and more faintly stained zone of a rather loose cliaracter, containing
scattered epitheliold and odd glant eells. In the necrotic or easeous e¢entral
mass again a separate layver or zone was formed by the deposition of caleinm
salts in greater concentration in the perviphery. In some lesions this zone was
formed by the presence of solid ealeified foci in a continuous row on the peviphery
of the caseating mass. When such caleified foel were present also in the
geometric centre, an additional zone was superimposed due to the less
intensively stained portion of the hoinogeneous caseous material between the
eentral and peripheral rows of ealeified foel

As a rule, the caseons mass was spherical or oval and distinet from the
surromnding  intermediate zone. ITn many sections the central pertion was
lost during prepavation. In others, however, there was often a break between
the intermediate zone and the cascous mass, indicating the line where the
break in the continuity of the structures was lilely to cecur during enucleation
of the material.

Outside the nodules, in the Iymphoid tissue, some infiltration with
cosinophiles was evident. This eosinophilia was especially marked in the
sinuses of the lymphe-reticular meshwork in the medullary zone (situated in
the pig in the peviphery of the lymph node), or even more prominent in the
hilus portion of the lymph nodes. Eosinophiles were often present in such
nwmbers that the sinuses in many places were packed with these cells.

Mottied Lymph Nodes.

On histological examination, proliferating and interlacing strands ol
the trabeculae were seen which were usually more prowiient than in the novinai
portion of the node. The fibres of those strands had a somewhat swollen
appearance, and in one node showed hyaline degeneration in a section of a
strand.  Between and branching from the main strands were finer strands of
fibres. The space between the main strands was closely beset with any
vacuoles ranging from a very small size up to 1 pun. in diameter. These
vacuoles ocenrred m sueh hunbers that when stalned seetions were held against.
a light, the affected avea had a sieve-like appearance. In gelatin embedded
hlocks the cut surface revealed those holes as depressions of variable depth and
size even before cutting the sections. The larger vacueles oceurred usually
singly, but the medium and the small ones were mostly confluent or in chains,
the separating septa or membranes being often broken, giving the area a close
resemblance to fat tissue, However, no fat was found in the gelatin embedded
or frozen sections when stained with Sudan. The large vacuoles ocenrred mainly
in the primary nodules, occupying or replacing the germinal cenfres. The
Iymphocytes in the peripheral part of the primary nodules were wusually
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pushed towards one pole or compressed to a narrvow strip against the fibroeytie
enclosure of the primary nodules. Some of the large vacuoles had apparently
collapsed, causing the outer Iymphoeytic rim to loosen from the eneireling
fibrecytic ring and o protrude tongue-like into the empty lumen of the vacuoles,
As a whole, histologically this mottling had not the slightest resemblance to
a tubereulous proecess.

Ajl the mottled nodes examined showed a marked infiltration with
eosinophiles, as described for the pseudo-tubereulous lymph nodes.

Normal Lymph Nodes,

Twenty of the 75 nermal specimiens were studied histologleally, No
detectable changes were observed except a marked infiltration with ecosiophiles
in all nodes, and small extravasations of red cells in the injeeted nodes. The
infiltration with eosinephiles was about of equal degree, whether the nodes
yielded C. egut or other organisms or were bacteriologically sterile,

DISCUSSION.
Incidence of Tuberculosis-like Lesions in Pigs.

The present study has shown that in Queensland in the submaxillary
nodes of pigs lesions ocenr which wmacroscopically resemble tuberculosis, but
are not eaused by tubercle baeilll. These tuberculosis-like lesions have been
observed by Plum (1940a) in Denmark in up to 1%, and by Rangsit (1940)
in Switzerland in 2.4% of slaughtered pigs.

No data on the neidence of sueh lesions in. Queensland have been
mublished, On the limited observations in the Doboy bacon factory on the
days when eollecting the specimens, the ineidence seemed to vary between 3-5%
and 7% of total daily killings. In another (ueensland bacon fuctory, however,
aecording to local information, only about (-39 or less were said to be affected.
As the pigs were drawn from the same distriets, it is possible that the difference
was inainly due to local meat inspection eonditions.

In South Australia, Collins (1939) reporied apparently similay lesions.
OF the 5,514 pigs slanghtered in a period during 1937, 11.1% showed lesions in
the head lymph nodes. 1Aost of the lesions were found to be tuberculous,
hut many were thought to be of parasitic origin, though no larvae were found.

Caunse of the Lesions.

Meat inspectors in Quecnsland have for many years referred to these
psendo-tuberculous nodules as ““worm’’ nodules, apparently on the assuwption
that they are caused by migrating larvae of the kidney-worm (Sfephanurus
dentatus), though no laboratory or eother records providing a basis for this
assumption can be found. Probably the publication by Ress and Kauzal (1932)
of their results of the experimental infection of pigs with Stephanuris larvae,
which by skin penetration caused easeous encapsulated nodules in the precrural
Iymph nodes, has eontributed to some extent to this fairly widespread belief
that lesions in the submaxillary nodes ave of the same origin.
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In this study certainly there was no evidence of parasitic invasion in the
kidney region, nor were larvae encountered in the histological sections studied,
whether normal or diseased.

As C. equi was recovered in more than 30% of these cases in Queensland,
the evidence that this organism is a major contributing cause is stromg. This
is supported by the findings of MeDonald (1942) and Woodroofe (1950) in
Wouth Australia, where €. egus was also isolated.

Role of Corynebacterium equi.

Tver since €. equi was first isolated in Seandinavia from tuberculosis-like
lesions, there has been much discussion about its etiological role. It is evident
that this organism has been isolated from affected submaxillary nodes of pigs
with varying frequency in different countries (see Table 5).

Table 5.
RecovERY oF O. equi aND/on M. tuberculosis Froy DISEssED SubMaxintaky NODES.
I | Percentaze of specimens.
. Xamber of !
Amnther. Year. Country. , z;\)u:%rlr:irés l : _I"“1
- ' i C.oequi. | AL ‘,'ij;!;::rm'
| —
Holth and Ampundsen .. 1836 Norway .. .. 162 64-2% t 633
Plum .. .. ... 193¢ |Denmark .. .. 1,280 | 2607 | 434
Plum . .. . 19406 | Denmark .. .. 2,028 . 3311 02
Ottosen .. .. .. 1041 Denmark .. . 150 733 ..
Jepsen .. . .. 1940 Denmark .. .. 4G0 44-2 43-0
Magnussen - .. 1338 Sweden - .. 146 i53-0 582
Magnusson, . .- 1640 Sweden - .. 233 30z 97-4
Meyn and AMiiler .ot 1940 Cermany .. .. 100 260 G0
Hemmort-Halswick and :

Peseatoro .. .. 1948 Germany .. .. 48 83 81-1
Orlop .. . .- 1831 Germany .. .. 34 1317 558
Rangsit .. .- .- 1440 Switzerland . 42 57:1
Verge and Senthille .. 1942n | Franco . . i6 250 ..
Cotehin .. .- . 1043 Great Britain . a6 03 5-8
Pullin .. . .. 1946 Caneda - .. 232 21-1 70-6
Feldman et al, .. .. 1949 .8.A. . . 3 224 61-8
Woodroofe .. .- 1950 South Australia ., 28 535

% = Demeonstrated I 38 out of 59 diseased specimens where no tubercle bacilli were
recovered.

i = Results obtained by eulturing on Lowenstein medium.

1 = Results obtained by microscopic examination {no cultivation), bub C. egui was
frequently demonstrated even in vp to 80 % of the microscopically negative specimons.

In general, tuberele baeilli have been found more frequently than O. equi
in the diseased nodes. Inocnlation or feeding trials in young pigs with pure
enitures of C. equi by Karlson, Moses and Feldman (1840), Cotchin (1843),
and Pullin (1946) failed to produce lestons, eontrary to the observations of
Bendixen and Jepsen (1988, 1940). XKarlson, Moses and Feldman, and Cotchin,
therefore coneluded that €. equi has no etiological relationship whatsoever 1o
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these lesions. Furthermore, Karlson and his associates were able to recover
C. equi just as freguently from normal nodes as from diseased nodes, Cotehin,
however, reported that only one of 50 normal lymph nodes harboured C. equd,
MeDonald (1942) and Woodroofd (1950) found €. egui but no tuberele bacilli
in affected nodes, while Woodroofe (1950) isclated C. equi only once from 13
normal specimens.

In the present study the recovery of C. equi from tuberculosis-like
lesions in Queensland was considerably higher than in South Australia, and
even exceeded the highest figures from Seandinavia. Iis reecovery in 29-3%
of the normal specimens is also considerably higher than in South Australia
and compares with the findings in U.8.A.

In this study no tests for pathogenicity were done, but the high incidenee
of C. egui often (in 40%) in pure cutture leads to the conclision that it must
be in some way responsible for these lesions. It is possible that the role of
€. equi in tuberculosis-like lesions is somewhat avershadowed, in other countries
by the high incidence of tuberculosis, especially of the avian type, for when
found in conjunction with €. egui the tubercle bacillng must be regarded as the
organism of primary importance. In the absence of the tubercle bacillus,
however, the presence of C. egui may be assumed to be of much more
significance. In this study €. equi was so found in a high percentage of cases.

The failure of several workers to reproduce specific lesions by administer-
ing pure cunltures of this organism by mouth or by inoculation is not sufficient
to deny it pathogenic properties. Plum in a preliminary report (1939) stated
that €. equi is only slightly pathogenic for pigs, but later (19404) reported
that specific lesions were more readily produced when it wwas administered in
conjunetion. with influenza virus,

In trials by several workers, the test pigs were usually submitted to a
single oral or parenteral exposure, except a feeding trial over six days by
Cotehin (1943). It is possible that a single exposure can be readily overcome
by the defence yechanism of the host. Even repeated administration, say for
six days, would not entirely correspond to natural conditions, where infection
may spread over a long period.

Mode of Infection.

The observation that several pigs from the same herd were affected
simultaneously with the same type of lesions, from which €. equi was always
recovered, suggests a common souree of infection, probably soil. There is
support for this in the faet that . egui has been recovered as a eommon
soil saprophyte. In Denmark, Bendixen and Jepsen (1940} isolated it from
46 out of 65 soil samples, and Ottosen (1948) recovered it from eow dung.
Tn New South Wales apparently the same organism has been recovered by
Jensen (1934) from garden and grass soil and from alluvial clay, so it is
likely that this organism may be a soil saprophyte in Queensland also, though




TUBERCULOSIS-LIEE LESIONS IN PIGS. 101

this point has not been investigated so far. The fact that €. equi was recovered
during this study from over 50 widely dispersed herds strongly suggests that
it may be prevalent in the whole State, or even all over Australia.

Tt seems probable that due to their unelean feeding habits pigs ingest
C. equi with contaminated soil. There is also evidence that €. egui may
enter via the air passages, as Orlop (1951) in a few cases was able to isolate
this organism from the lung lymph nodes.

That €. egui often does not produce visible lesions in the lymph nodes
is probably correlated with their small numbers, with individual resistance of
the host, or with some ynknown factors. Tt is known that occasionally tubercle
pacilli may be isolated from lymph nodes that show mno macroseopiec or

microseopic lesions.
Role of Other Bacteria.

The frequent recovery of bacteria other than C. equi in these
tuberculosis-like lesions has been referred to by Feldman, Moses and Karlson
(1940), who suggested care in aseribing the lesions to any particular organism,
Similarly, (insberg and Fitzpatriek (1950) were in doubt as to which
of the bacterial types they isolated—eorynebacteria ((. pyogenes mainly},
Escherichia coli, haemolytic streptococei, bipelars or acid-alechol-fasis—is the
primary invader.

In this study, the variable Irequency of the miscellaneous bacteria
suggests that they play little part in the genesis of the lesions, because they
were met with far less frequently than C. equi, and then usually in assoelation
either with the latter or with tubercle bacilli, or with both. Haemolytic
streptococei and Ioieroeocci were the most common organisms, followed by
staphylococei, various saprophytic acid-fasts, gram-negative organisms and
Jastly Proteus. Only in the ‘yottled’’ group were these organisms, especially
streptococed, encountered by themselves, which suggests a possible etiological
role. Furthermore, Holz (1952) has stressed the harmful cffects of
streptococeal infection of the pig Germany. In the lymph nodes a marked
infiltration with eosinophiles was reported. This last phenomenon, however,
was so ecommon in this study, and was pronounced not only in the diseased
but also in appavently normal lymph nodes, many of which were completely
sierile or often yielded bacteria other than streptococci, that one is compelled
to regard eosinophilia as a normal feature of the pig’s lymph node rather than
one due to streptococeal or any specifie infection.

That streptocoeel were In any way responsible for mottling or any other
lesions is contradicted by the equally high recovery of streptococel, as a rule
in combination with other bacteria, from normal nodes.

The possibility of other bacteria playing a role was eliminated by the
3¢t that in a number of eases (. equi was the only organism recovered from the
content of the pseudo-tuberenjous nodules, whereas the surrounding lymphoid
tissue vielded abundant other bacteria, but fow or no C. equl.
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‘Whether the saprophytic mycobacteria recovered in this study have any
particular role is difficult to ascertain, as they were never encountered alone
but always in association with corynebacteria.

The possibility of Bruecella infeetion being the cause of these lesions was
ruled out, as no specifie agglutining were demonstrated in any of the guinea.
pigs inoculated with the material from the diseased nodes.

Macroscopic Differentiation of Pseudo-tuberculous and Tuberculons Lesions.
The important guestion from the meat Inspeetion point of view is.
whether tuberculosis-like lesions due to €. equi can be distinguished from
tuberculosis with reasonable certainty without laboratory aid, "This s alveady
affirmatively auswered by the fact that the initial elassification by t}‘1e meat
inspectors, when collecting the specimens for this study, was found later to be
aceurate. Nevertheless, it should be noted here that different opinions, often
controversial, have been expressed in the literature on this question,

Holth and Amundsen (1938), Jespersen (1938) and Bendizen and
Jepsen (1938) stated that the lesions eaused by €. egui can be readily
distinguished from tuberculosis. Corynebaecterial lesions in  general were
described as consisting of diserete nodules, irregularly spherical and containing:
a faint yellowish neerotic mass surrounded by a distinet capsule. The nodules.
were readily enucleated from the capsule, leaving a smooth, well-defined
depression. Keller {1831) found nodules with similar characteristics in wild
swine in CGermany. The porridgelike or laminated .coutent was readily
expressed, because there was no such close union with the surrounding tissues.
ag oceurs in tuberculous foci. In psendo-tuberenlosis there was no calcification
such as ovenrs in tubereunlosis, and cach small abscess was clearly separated from
the adjacent ones by a distinet capsule. Tuberculous foei, on the eontrary,
never show such delimitation, and only very infrequently a smooth capsule is.
present.

Rangsit (1940) also was able to tell macvoscopically which type of lesion
was presenf. The tuberculous submaxillary nodes were usually enlarged and
hardened, but this never occurred in coryncbacterial infection. However, in.
some cases that yielded tubercle bacilli, the nodes were normal in sizes and
consistency. On the cut surface they showed some few nodules the size of a
pinhead, so doubt about their true charucter arose oceasionally, but these
lesions were only with diffieulty shelled out, had no capsule and were rather
irregular in shape. In the true corynebacterial lesions, it was only in the
smaller nodules of about 1 . in size that s capsule was not detected, but.
the lesions were loose in the tissue.

Though Plum (1946), Feldman, Moses and Karlson (1948), Hemmert-
Halswick and Pescatore (1948) and Orlop (1951) were unable to distinguish
between the different lesions, the present study has brought evidence that
corynebacterial lesions can be differentiated from tubercwlosis. The tuberculous:
nodes in general were eharacterized by a marked swelling and fibrosis, which
Wwas not secen i psendo-tubercnlous nodes. Only in a few cases was there no
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enlargement, and the tissue then contained only small diserete nodules without
4 eapsule. These nodules superficially resembled eorynebacterial lesions, but
on closer inspection showed those fealures reported by Rangsit (1940) in
doubtful cases—namely, instead of being spherical the lesions were very
irregular, no capsule was present, and it was difficult to enucleate them from
the lymph node tissue. These features distinguished them from iypical
eorynebacterial lesions.

Encapsulation was the rule for the larger corynehaecterial lesions, but
in the smaller nodules, less than 2 mm. across, it can be freguently missed by
ihe uaked eyve. In such eases one has to rvely on the appearance of the larger
nodules when they are present. Sometimes a capsule can be missed macro-
seopically also in the larger nodules, but it is seen on microscopic examination.
When the inspector in in doubt, it is wise to classify them ag tuberculosis.

However, it seems that capsule formation is not resiricted to the
corynebacterial lesions only. Pallaske (1931) referred to a capsule around
the nodular form of lymph node tuberculosis in pigs caused by the bovine
type, and Feldman (1949, p. 342) in a microphotograph showed a distinet
capsule around a tuberculous nodule in the spleen of a pig ecansed by
the avian type. A well-defined capsule is deseribed also in tubereulons forl in
man {Anderson, 1948, p. 264). In this study, the tuberculous lesions, which
were apparently due to the bovine type of infection (avian type of tubercle
bacilli have so far not been recorded I Queensland), never showed such a
distinet connective tissue capsule as was seen in the corynebacterial lesions.

Some standard textbooks of meat inspection (e.g., Thornton, 1949, p.
972) describe tubereulous lesions as readily enucleated nodules. Pallaske’s
(1931) paper on tuberculous nodules in pig's lymph nodes stated that this is
due to a fermentative proeess in the regressive stage of the bovine type of
infection. In this study, however, ready enucleation was not observed in
tuberculous foci. As the nodules mentioned by Pallaske were encapsulated,
there is a possibility that he may have been dealing in some cases with lesions
of corynebaeterial origin, the oecurrence of which had not been reported at that
thne.

The eoncentrie arrangement of the econtent, which Pallaske has described
for the tuberculous Jesions as duc to an intermittent deposition of ealeium
salts, and is also mentioned as oceurring in man (Anderson, 1948, p. 264),
seems to oecur In both types of lesions, as this lamination has been reported by
Keller (1951) and observed also in a few cases in this study in corynehagterial
lesions.

Caleification of the lesions was stated by Keller to be eharacteristic of
tuberenlous nodules only, but this was not confirmed by this study. In fact,
deposition of ealeinm salts was evident histologieally in all cases, regardiess of
the consistency of the nodules. It was present even in the softest material, and
was then uniformly dispersed. In the firmer or gritty nodules, solid caleified
foei were seattered in the caseous material either on the periphery or in the
centre of the neerotic mass.
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Ginsbherg and Fitzpatrick (1950) considered that oue eould determine
the type of infection (e.g., corynebacterial, streptococeat, &e.) by the consisteney
or by the colour of the lesions, but this was not supporfed in this study. It
may be true that a greenish diseolouration indicates €. pyogenes, which they
recovered in about one-third of their specimens. In this study, ne . pyogenes
was Isolated, thongh in several specimens a light greenish discolouration of the
nudules was appavent. There was no evidence to suggest that the consistency
of the lesions was in any way associated with any particular type. . equi was.
recovered from lestons of all consistencies—soft, cheesy, dry and ealeareocus.
The same applied to the ¢olour of the lesions, three-filths of which were cream-
coloured, onefifth whitish and ome-fifth slightly yellowish, but all yielded
C. equt,  Sihwilarly, the incidence of other miscellaneous baecteria wag not in
any way corrvelated with any particular colour of the lesions.

Microscopic Differentiation.

It was found difficalt to differentiate corynebacterial infection fron:
tuberculosis by histological study, mainly because the tissue reaction in both
infeetions is similar. A point of difference is that a dense fibrous capsule seems.
to be a more or less constant feature in corynebacterial lesions. It way frequently
found that a single or conglomerate epithelioid-ecll-tubercle formation, which
Is said to be typical of swine tubereulosis (Nieberle, 1931), was met with also
in corynebacterial infection where no ecaseation had oceurred, thus sugeesting.
tuberculosis. However, the negative bacteriological findings did not support this.
Even if it is assumed that the statement by Fresen (1950) that a diagnosis of
tuberculosis in man can be based solely on the presence of typical mibary
tubercles is eorrect, the evidence supplied here does not support the view that
this holds for tuberculosis in pigs. In eorynebacterial lesions the same cell
clements that characterize tubcrculosis-—nawely, giant and epithelioid cells,
especially the latter—are enconntered so frequently that their absence is rather
o exeeption.  As for the giant cells, they were absent in approximately 50%
of the corynchacterial cases, nov are they invariably present in lymph node
tubereulosis.

Eosinophilia.

The eosinophilic infiltration of the lymph nodes, which was common in
eorynebacterial infectious and to o lesser degree in the tuberculous aodes, is
of doubtful significance. An ecosinophilia has been described as a feature of
certain chronic conditions in man (Vines, 1949, pp. 562, 293). It has been
reported also in the avian (Pallaske, 1931) and bovine { Hoemmert-Halswiclk and
Henninger, 1938) type of chrenie lymph node tubereulosis of pigs, but was
not seen by Feldman (1938, p. 334), who found only very few or no cosinophiles,
In fact, an eosinophilia of the lymph nodes was found in this study to be
common in both normal and diseased nodes, so if is probably a regular feature
oil the poreine lymph nodes,
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““Motiling."’

The whitish net-like mottling deseribed above has no 1relation to a
wiberculous infection, though maeroscopically the lesions rvescinbled to some
extent a tuberculous streaky necrosis mentioned by Emanuileft (183%), who
reported the same condition in pizs in Bulguria and other Buropean countries.
According to him it occurred in young pigs (4 months} in the Jaferal retro-
pharyngeal nodes only, but with increasing age (8-12 months) some other
ivmph uvodes, such as the parotid and cervicals, but never the submaxillary
ncdes, may become invelved:

Contrary to his observation, this net-like mottling was found often in
the submaxillary nodes of pigs aged from 5 months to 9 months. Whether
additional nodes were invelved also cannot be said, as they were not examined.

Though various organisms were recovered from these mottled nodes, no
partienlar bacterial type could he selected as the causal infective agent.
Proliferation of the trabeculae with collagenic metaplasia of the fibres sugeests
a healing process in the lymph nodes following a previous Inflammation. Iat
vesorption, as reported by Emanuiloft (1939) in affected lymph nodes, eonld
a0t be detected in the submaxillary nodes. Though in sections a large nwnber
of vacuoles of variable size snd often confluent were seen in the affected
aveas, the presence of fat in the vacuoles was not revealed by appropriate
staining methods. It is possible that these vacuoles were originally extended
simuses which eontained an inflammatory Huid which may have escaped during
the preparation of the seetions.

Tyabeculae were morve numerous in the affected areas than in the normal
portions of the sections, but the histology still left doubt whether these strands
alone werce responsible for the uei-like pattern. Macroscopically the mter-
woven lines appeared to be move numerous and closer interlaced than was
revealed by microscopic examination. It is possible that the rows of vacuoles
gave a false impression of strands.

Acid-fastness of C. equi,

This study has largely confirmed the reports by the Scandinavian and
several other workers {Hemmert-Halswick and Pegeatore, 1948; Rangsit, 1040;
Orlop, 1951, and others) of the oceurrence of acid-fast forms in C. equi, whieh,
however, was denied by Karlson, Moses and Feldman (1940), Cotchin (1843),
and Bruner and Edwards (1941), or observed only in old cultures by Verge
and Senthille (1942b). The presence of distinet reddish or bright-pinkish-
stained ovals or even baecillary torms of C. equi, which had resisted the action
of a strong deeolorizer such as 25% IICl, eannot be explained otherwise than
by eonceding acid-fast properties to a certain pereentage of these organisms.
There is an indication also that the incidence of acid-fastness is somewhat
eorrelated with the eomposition or nature of the eulture medium,
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FURTHER STUDIES OF FLUOROSIS IN MERINO SHEEP.

By J, M. HARVEY, M.Sc., Senior Chemist, Biochemical Section, Chemical Laboratory,
Division of Plant Industry.

SUMMARY,

Further studies were made on sixv sheep which had been continuously
exposed to fluorided toater from 3 wmonths to 27 wmonths of age. They were
maintained for a period of 30 months dwring wiich they had access to grazing
and grassy lucerne hay and were protected from fluorine in the drinking waler.

Observations were wade on the perinanent incisar teeth. Autopsies were
corvied ont at the end of the 30 months on fluorine-free water. X-ray photo-
graphs twere taken and bones, tecth and sowme organs were analysed for
flworine.” Comparison of these data with those previously reported for sumilar
sheep tmediately after the period of exposure to fluorine supports the following
conclusions — :

(1.) The cffects of fluorosis on the incisor iceth ore permencut. The
brittleness of affected tecth and the lincs of weakness at bends of pitting result
i dncreased rather than decreased damage. Teeth which erupt after 12 months
protection contain less fluorine and are less severely affected, but positional
defects at evuption still result in o badly deformed wncisor arch.

(2.} Bone defects such as verification and shortening of the horizontal
rasus of the wmendible, which were apparent at the cnd of the period of
exposure to fluorine, ave not perinanent,

INTRODUCTION.

Fractures and excessive wear of the teeth are constant features of
fluorotic Merino sheep that exist solely by grazing natural pasture in the
field. This is not true of experimentally induced fluorosis in penmed sheep.
It has been assumed that the lesions are accentuated in the field by the fibrous
food which for several months of each year represents the bulk of the grazing.

Experimental sheep with a known history of fluorosis were available to
test the hypothesis, The work was superimposed on a study involving the
recuperation of young fluorotic sheep kept on fluorine-free water and the
results are now recorded together.

The objeets of the investigation were
{1) To study the effeets of grazing or simulated grazing on the
teeth of sheep already damaged by fluorosis.
(2) To obtain information on fluorine storage in bones and teeth

after 24 months’ exposure to and 30 months’ protection from
water containing execessive fluorine.

(3) To make further cbservations on the bone rarification recorded
in previous studies.
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EXPERIMENTAL.

The six experimental sheep were bred in south-western Queensland from
ewes which had not been exposed to water containing more than 0-5 p.pm.
finorine. As 3-4-month-old lambs they were transferred to the Animal Health
Station, Yeerongpilly, and were used immiediately for two years in the
experiment previously reported (Harvey, 1952). During that period they were
housed in pens and fed cercal chaff plus milled supplements. The drinking
water for some contained 10 p.pm.I and for cthers 5 p.pm.I

For the following 30 months they had access to grazing, mainly a eouch
(Cynodon dactylon) and paspalum (Paspalwm dietetum) pasture, Grassy
lucerne hay was fed in bales. The sole drinking supply was city water, which
di¢d not contain more than 42 p.p.m.F.

Observations were made on the incisor teeth at monthly intervals.
Photographs of the incisor tecth were taken at 27 months, 51 months and 57
months of age. After antopsy at 57 months of age, X-ray studies were made
on femmnr, tibia and mandible. Fluorine analyses were done on muscle, kidney,
femur, tibia, metatarsus, mandible and incisor, molar and premolar teeth.

RESULTS.

Table 1 reeords the observations on the incisor teeth of the six
experimental animals, Figs. 1-6 show the incisor teeth after 24 wmonths’
exposure to fluorided water and after a further 24 months and 30 months,
during which they were protected from fAuerided water.

Table 2 records the fluorine content of musele, kidney, bones and teeth
from the six sheep. Examination of the analytical data shows the tollowing
features:—

(1) The concentration of fluorine in both kidney and musele is
similar to that recorded at the end of 24 months’ continuous
exposure to fluorine in the drinking water.

{(2) In all six sheep, there iz 2 marked reduction in the fluorine
concentration in femur and mandible when ecompared with
levels recorded in sheep of the same group slaughtered
30 months previously, at the conelusion of the period of
exposure to water containing fluorine. This reduction in
fiuorine concentration is most marked in the mandible. The
concentration of fluorine also shows a tendency io fall in the
tibia, whereas fluorine levels have remained relatively eonstant
in the metatarsus.

(3) The fluorine concentration in the incisor teeth docs not differ
markedly from levels recorded immediately after the exposure
period. The levels of fluorine in the 4th pair of incisors are
much lower than those found in the 2nd and 3rd pairs. This
difference is less marked in sheep F, but the explanation lies in
the fact that the 4th pair of incisors in this sheep had erupted
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within four months of transfer to flvorine-free water. For sheep
A, B, C, D, and E, cruption of the 4th pair of incisors did nof
oceur for 12 wmonths or longer after transfer to finorine-free
water.

(4) The fluorine levels in premolar and molar teeth tend to be
higher than the levels recorded previously in similar sheep
slaughtered immediately after exposure o fluorine.

X-ray phetographs of the femur, tibia and mandible are shown in
Figs. 7-18. 1n none of the sheep is the bone rarvification noted previously at
27 months of age apparvent at 57 months of age. There' has been marked
lengthening of the horizontal ramus of the mandible, and the roots of the molar
and premolar teeth no longer extend into the compact substance. There s
evidence of uneven wear on both molar and premolar tecth in some sheep.

DISCUSSION.

All the incisor teeth remaining at the conclusion of this investigation
show the charaeteristic lesions associated with fluoresis. These lesions are
emphasised by staining due to degradation produets of substances present in
the diet during the grazing period only. In each of these six sheep the damage
from finoresis has been most marked in the 3rd pair of ineisors. The damage
to the 4th pabr is less severe, but in all sheep one or both of these incisors have
erupted at right-angles to the normal plane. A badly deformed incisor arch
has resulted in all sheep. The shedding of the 1st pair and in some cases the
9nd and 3rd pair of incisors probably arose from the 24-month period from
3 months to 27 months of age when these sheep were maintained entively on
chaffed or milled feed. Tn areas of endemie fluorosis in Queensland, although
excessive wear and breaking of Ineisors at lines of pitting have been
characteristic, the shedding of incisors has not been noted.

Unevenness of the eutting surfaces of the molars is noticeable in the
X-ray photographs from some of these sheep. It is less severc than that noted
in specimens from endemic aveas. The explanation probably lies in diet. First,
these sheep were maintained from: the age of 3 months to 27 months on chaffed
feed; and secondly, from the age of 27 months to 57 months they were fed
pasture and lucerne hay—this would involve less wear on the molar teeth than
the harsh stubble-like pasture that is often the sole source of feed for many
moenths of each vear in parts of Queensiand where fluoresis s endemie.

X-ray examination shows that the bone rarifieation, noticeable at the
conelusion of the 24-month esposure pervied, is not apparent at the conclusion
of the 30-month protection period. For each of these six sheep there has been
2 considerable thickening of the eompact substance of the femur and tibia, and
more particularly of the mandible. There has alse been a marked lengthening
of the horizontal ramus of the mandible. Overcrowding of the molars, which
was apparent carler, and which vesulted in irregular cutting surfaces, is no
Ionger noticeable.
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FCRTHER STUDIES OF FLUOROSIS IN SHEEP. 115

It was stated in disenssing the carlier studies (Ilarvey, 1952) that the
hone rarification noted after 24 months’ exposure to fluorine may not” have
been entirely due to the fluorided water, and that other factors which may have
contributed werce the diet of chaffed or wmilled food and the confinement in,
pens. Hurther support to these conelusions ig given by veceni studies
(unpublisied data) on grazing sheep, in whieh bone rarification was not
discernible at 33 months of age in a group continuously exposed to 10 p.p.m.F
in the drinking water from the age of 3 months. From the present invegtigation
it is apparent that the bone defects in these sheep are not permanent and have
been largely overcome during the 30 months in which they had access to
grazing or simulated grazing plus fluorine-free water. This is not true of
the damage sustained by the incisor teeth. The dental lesions are permanent
and the effeets of erosion and wear are enhanced with age even though fluorine
was exeluded from the drinking water.

The fiuorine coneentration in the bones examined is In agreement with
the X-ray studies. Comparison with fluorine levels found at autopsy after
94 months’ exposure to fluorided water shows a nmarked reduction in the
fluorine content, particularly in the mandible, This is in keeping with the
marked inerease in dense bone deposition during the 30 months when the
auimals were not exposed to fluorine.

The fiuorine econcentration in inecisor teeth coropares with levels recorded
in similar sheep immediately after the exposure period.  There has been a
marked rveduction in the fluorine content of the 4th pair of incisors when
compared with that of the 3rd pair. This is particnlarly noticeable when
the 4th pair did not erupt during the 12 months succeeding the exposure
period. This is in agreement with the less marked lesions of fluoresis noted
in this pair of incisors.

The fluorine levels in molar and premolar teeth tend fo be higher than
levels recorded immediately after the exposure period, when the eruption of
the 3rd molars was in progress, This could be aceounted for by wear on
the exposed surface of the crown. The concenfration of fluorine is much
greater in dentine than in enamel, so any loss of enamel through wear on the
masticatory surface of the tooth would result in an increase in the fAuorine
concentration in tecth of flucrotie sheep.

Consideration of the findings vecorded in this study in relation to
field practice stresses the importance of protecting sheep from flucrine during
the susceptible age period when permanent teeth are being laid down. In
marked distinction to bones, the effects of fluorosis on the ineisor teeth are
permanent. In fluorotic sheep incisor testh erupting some 12 months after
protection from fluorided water still show the pronounced lesions as well as
positional defects.

REFERENCE.
Harvey, J. M. 1952, Chronic endemic fluorosis of Merino sheep in Quecnsland. QM. J.
Apgrie, Helenee. 9:47-141.
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Fig, 1.

Incisors of Bleep A at (a) 27, (D) 51 and
{¢) 37 Mouths of Age.

Pig. 2.

Incisors of Sheep 33 at (a) 27, (D) 51 and
(¢} 537 Months of Age.
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Tig, 3. Fig. 4.

Tncisors of Sheep C af (@)

27, {H) 31 aud Tncisors of Sheep T at (a) 27, (4) 31 and
{e) 57 Mouths of Age.

{e) 57 Aenths of Age.
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Fig. 5. Pig. 6.

Incisors of Sheep ¥ at (@) 27, (b) 51 and Incigors of Sheep F at (a) 27, (b) 51 and
(¢} 57 Months of Age. {e) 57 Mouths of Ape,
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Fig. 7.
Femur and Tibia of Sheep A at 57 Months of Age.

Fig, 8,
Mandible of Sheep A at 57 Months of Age.
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Fig. 9.
Femur and Tibin of Sheep B at 57 Months of Age.

Fig, 10,
Muandible of Sheep B at 57 Months of Age.
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Fig. 11.
Femur and Tibia of Sheep € at 57 Months of Age.

57 Months of Age.
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g, 13.
Femur and Tibin of Sheep D at 37 Months of age.

Fig. 14.
Mandible of Sheep D at 57 Montha of Age.
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Tig. 15.
Femur and Tibia of Sheep E at 57 Months of Age.

Fig, 16.
Mandible of Sheep E at 57 Months of Age.
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Fig. 17.
Fonur and Tibia of Sheep ¥ at 57 Months of Age.

Fig, 18,
Mandible of Sheep P at 57 Months of Age.




TECHNICAL NOTES.

Mould Growth on Sorghum Seed.

Many seed samples harvested from the 1952-53 sovghum crop in southern
Queensland developed considerable mould growth during germination tests. This
seriously hampered the work of the Seed Testing Laboratory.

The following different fungi were isolated from the seed samples:—
Alternaria  spp., Aspergilius  sp., Rhizopus sp., Heterosporium sp.,
Helminthosporivm sp., and Fusarium sp.

Three species of Alternarie predominated, and surface sterilization with
1:1000 mereuric chloride for 20 minutes, followed by washing, failed to
eliminate their growth.

A series of tests comparing the efficiency of various fungicidal dusts in
controlling mould growth were conducted, with the following results.

Taboratory Tests L ;
Germibnation Trays. Perenntam
Treatment., H Germination
in Pots of
Tereantase Tereentape Brerile Spil.
Germinativi, Mould,
A Copper carbonate |
1 oz. per bushel .. 70 26 : 512
2 oz. per bushel .. 67 27 61-2
4 oz, per bushel .. T3 28-5 533
B : Thiram {50%)
1 oz. per bushel .. 705 0 69-2
2 oz. per bushel .. 72-5 g 652
4 oz, per bushel .. -5 3 64.2
€ : Chloranil ($59) |
1 ou. per bushel .. 735 0 56-4
2 oz. per bushel .. 5 18 i 652
4 oz, per bushel . 725 1-5 | 664
D : Agrosan i
{ ow. per bushel .. 5 185 332
2 oz. per bushel .. 70 85 50-&
4 oz. per boshel .. T35 G 572

L
oy

& ; Untreated .. .. .. .. .. 68-5 ; 40




i24 TECHNICAL NOTES.

The results of a statistical analysis conducted on the pot germination
figures are set out below,

- P ; Significantly Execceda.
Mcan Percentoze
Treatment. Germination,

5% Level. | 1% Level.
A. Copper carbonate .. .. ‘. .. 586 . ; .
B. Thirain (509;) .. .. .. AN 693 D E D, E
C. Chloranil {989%,) .. .. . .. 66-2 D, E B
D, Agrosan .. .. . e .. 53-8
E. Control .. .. .. . .. 53320

These results show thut the thiram and chloranil dust preparations at a
strenglh of 1 vz. per bushel were extremely effective in preventing meuld growth.
Agrosan at 2 oz per bushel was fairly effective, while copper carbonate was of
little value,

It 15 obvicus that the mould was having little effect on total germination
percentage in festing trays, However, the results of the fungicidal tests would
indicate that where 2 partieular preparation was effectively controlling the
mould growth, germination percentage in sterile seil was slightly mereased.

— &G 8, Purss.

A Disease in Williams Hybrid Bananas Produced by Fusarium sp.

In August 1930, there appeated in a banana plantation in the Beenleigh
distriet three Williams Hybrid plants showing symptoms similar to those
produced by Panama disease in susceptible varieties. As the Williams ITybrid is
a sport from the Cavendish, a variety immune to Panama disease, this occeurrence
was a matter of some interest.

The leaves of the affected plants were dying back from the tips but the
typical bright yellow colour was absent. Slight eracks were present in the leaf
sheaths at the base of the plants. Dark streaks were visible from the outside
of the pseudostem and when examined internally were found to be brown
““sogmy’’ areas similar to those commonly assoeiated with Panama disease. Many
of the vaseular strands in the corm tigsue exhibited the reddish-brown colour
typical of this disease.

A species of Fusarium differing from F. ozysporum f. cubense (B.F.8.)
in the colour produced on rice and P.D.A. media was isolated from the diseased
tissue. _

In a pathogenicity test this speeles proved capable of attacking both the
Williams IIyvbrid and Lady Finger varieties, Affected plants becane stunted
and exhibited the vascular discolouration seen in the field condition. The
Cavendish variety was not affected.

P, pzysporum f. cubense was included in the pathogenieity trial but
produced symptoms only in the Panama-susceptible Lady Finger variety.

The discase in Williams Hybrid has not recurred in the field.
—@. 8. Purgs.
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