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Abstract

Pavlas M., J. Zbo¥til, J. Petra§, R. Dvofdk, V. Jorddn: Virulence of Myco-
bacterium johnei in Experimentally Infected Calves. Acta vet. Brno, 60, 1991: 367
to 373.

Virulence of the culture collection strain CCM 5889 and the field strain 1/623
of Mpycobacterium johnei, isolated from cattle showing signs of Johne’s disease,
was examined by experimental infection in 12 calves. The strain CCM 5889, ino-
culated intravenously or subcutaneously, did not elicit clinical signs in any of the
calves during 30 weeks. All calves reacted in the skin test to avian tuberculin and
johnin from the 5th to the 11th post-inoculation week. The strain 1/623 killed
all 3 calves inoculated intravenously within 3 to 5 weeks after inoculation. The
strain was reisolated from altered parenchyma and from lung and mesenterial
lymph nodes of all 3 calves and from the small intestinal mucosa of one of them.
Also the sensitization potency of the strain 1/623 was higher than that of the strain
CCM 5889 and hypersensitivity of johnin persisted 6 months at least. Apart from
calves dying after intravenous inoculation, faeces samples were free of mycobacteria
over the whole observation period. Antibodies to the CCM 5889 antigen were
demonstrated by the indirect haemagglutination test 5 weeks after intravenous
inoculation with any of the strains used, and positive titres persisted for 3 months.
Subcutaneous inoculation resulted in antibody titres: 1:64—1: 128 only if the
strain 1/623 was used. All surviving calves were free of mycobacteria (incl. the
inoculation site) when sacrificed 6 months after inoculation.

Mycobaterium johnei (paratuberculosis), biological properties, sensibilization, pigs,
chickens, laboratory animals

Johne’s disease is at present a widely distributed bacterial infection of ruminants, causing con-
siderable economic losses above all in large farms with high-yielding animals. Although the aetio-
logy of the disease had been recognized at the end of the past century already, its pathogenesis
has not been fully clarified yet and preventive measures and diagnostic methods require continuing
attention.

The rise of the disease depends on the age of the animal, virulence of the causal agent, route
and intesity of infection and on a number of further factors. It has been generally postulated that
young animals are more susceptible. While it was easy to induce the disease in calves (Taylor
1953), adult cattle showed a higher resistance (Bang 1976). Clinical signs developed as late as
5 to 24 months after oral infection (Smythe 1935). Conclusive evidence of infection in experi-
mentally infected animals was shedding of the causal agent in feces. All mycobacterial strains, gro-
wing in primary cultures on mycobactin-containing media, which were isolated from free living
animals incl. pigeons, were virulent for calves infected intravenously and lesions found upon
necropsy were typical of Johne’s disease (Thorel et al. 1984). )

The most important source of infection are clinically ill animals, which develop overt signs
during pregnancy or early lactation in most cases. Johne’s disease has been reported more fre-
quently from areas where soils are poor in certain minerals, esp. calcium, and from herds exposed
to conditions affecting the general resistance of animals (Jansen 1948; Doyle 1956). Other out-
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breaks were associated with environmental changes, e.g. changes of housing facilities (Hole
1955). These facts demonstrate that factors responsible for the rise of the clinical forms of Johne’s
disease have not been elucidated reliably.

The typical profuse diarrhoea, described in cattle as a rule, is absent in some other animal
species, e.g. sheep (Seamanetal. 1981; Newsholmeand Fletcher 1981; Dent 1985). However,
massive shedding of Mycobacterium johnei was observed in animals free of clinical signs. Demon-
stration of larger aggregates of acid-fast mycobacteria in samples of intestinal mucosa, faeces or
lymph nodes by the Ziehl-Neelsen’s method is usually sufficient for the diagnosis. However,
demonstration of the causal agent by culture is considered the most reliable method for the diagno-
sis of Johne’s disease (Foodstad and Gunnarson 1979).

Most authors, investigating the pathology of Johne’s disease, state that lymph nodes and parenchy-
matous organs of affected animals are free of lesions, such as necrosis or caseation. Findings of
nodular demarcated tuberculosis-like necrotic lesions in mesenterial lymph nodes were rather
exceptional (Weidlich 1954). Epitheloid cells, containing large numbers of acid-fast bacteria
with properties typical of M. johnei, were found in caseous granulomas (Monotani and Yoshino
1985). Intestinal mucosa and mesenterial lymph nodes are affected most frequently, but lesions
were found in other organs, too. In infected goats, lesions with central necroses were present in
the liver parenchyma (Morin 1982) and histological alterations were observed in adrenal glands
(Rajan et al. 1980) and kidneys and other organs (Hines et al. 1987).

Materials and Methods

Twelve 2- to 3-month-old calves, with a live weight of 120 — 130 kg were used in the examination
of virulence of the culture collection strain CCM 5889 (Ptb3) and the field strain 1/623, isolated
on the modified Dubos’ medium with mycobactin (Smith 1953) and on Stonebrink‘s egg yolk
medium. The strain CCM 5889, used for the production of johnin, propagated well on conventio-
nal media without growth promotors.

The examination of the mycobacterial cultures by bioassay was carried out on pullets aged
4 weeks. All 3 birds survived after intramuscular inoculation of 5 mg of a moist culture of the
strain CCM 5889. Apart from enlarged spleens with sporadic caseous foci, parenchymatous organs
were free of lesions, when the chickens were necropsied 5 month after moculatlon The strain
was reisolated from the spleen of 2 chickens. Spleen edema was observed in chickens inoculated
intravenously with 1 mg of the tacterial mass of the same strain and necropsied 3 months there-
after. The strain was reisolated from the spleen and liver tissue. On the other hand, mice, inocula-
ted intravenously, died within 3 months and: the strain was reisolated from the spleen and liver
tissue. Abscesses developed at the inoculation of 1 mg of the culture in guinea pigs. Parenchyma-
tous organs were free of lesions and the strain was reisolated from the inoculation site only. No
lesions were found in parenchymatous organs of a rabbit 3 months after inoculation of 1 mg of
the culture and results of bacteriological examinations were negative, too. These results have
demonstrated a very low virulence of the strain CCM 5889 for laboratory animals.

On the other hand, the strain 1/623 showed a higher virulence for chickens, killing them within
4 month after intravenous inoculation of 2 mg of the culture. The chickens were cachectic and
showed spleen and liver oedema upon necropsy. The strain was reisolated from the spleen, liver and
lung. No chicken died within 6 months after intramuscular inoculation of 5 mg of the culture.
‘Bean-sized muscular degeneration at the inoculation site and slightly enlarged spleens and livers
‘were observed upon necropsy. The strain was reisolated from the 1noculatlon site, and in one
of the two chickens, from the spleen and liver tlssue
* Shedding of the strain 1/623 was demonstrable in 2 pigs, inoculated orally with 5 mg of the
culture 4 weeks after inoculation,and persisted till slaughter 3 months later. Mycobacteria were
reisolated from mesenterial and submaxillar lymph nodes of one of them, and from mesenterial
lymph nodes and small intestinal mucosa collected from the proximity of the ileocaecal valve of
the other one after slaughter. Four pigs were exposed to contact infection by housing them to-
gether with the experimentally infected ones. All developed allergy to avian tuberculin and johnin
‘within 1 to 3 months after the beginning of exposure. Gross lesions were found in mesenterial
and submaxillar lymph nodes of 1 of them. The strain was reisolated from all samples of altered
parts of the lymph nodes.

All calves selected for the expetiment were negative in the allergic skin tests performed with
mammalian tuberculin (2 500 TU), avian tuberculin and johnin (both 1 600 TU). Also negative
were the results of the h.aemagglutmatlon test using purified protein derivatives of Mycobacterzum
avium and Mycobacterium johnei strain CCM 5889, and serum dilution 1: 8.
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Suspensions, containing 1 mg culture per 1 ml sterile physiological saline, were prepared from
both M. johnei strains, using glass beads for homogenization.

Twelve calves were divided into 2 equal groups inoculated with the strains CCM 5889 and 1/623,
respectively. Each group was divided into two subgroups, inoculated subcutaneously (in the neck
region) and intravenously (vena jugularis), respectively. Each calf received a dose of 0.1 mg of the
respective culture per 1kg live weight. All calves were examined clinically and skin tests, using
avian tuberculin and johnin, and bacteriological examinations of faeces were performed on post-
-inoculation days 34, 77, 152 and 187. At the same time, blood samples for serological examina-
tions were collected.

Samples of approximately 1 g of lymph nodes, intestinal mucosa and parenchymatous organs
were homogenized in a mortar for the examination by culture. The homogenates were treated with
3.5 ml 1M HCI for 20 minutes and neutralized with 2 ml 2 M NaOH if not examined immedia-
tely after collection. Samples of intestinal contents and mucosa were decontaminated by 4 %
NaOH and 5 9%, oxalic acid. In addition to selective media i.e. the modified Dubos’ medium with
mycobactin (Smith 1953) and a suspension of M. phlei in glycerol (as advised by Dr. Stika from
the Central Veterinary Institute, Prague) conventional media for mycobacteria were used, too.
The cultures were incubated at 37 °C for 10 to 12 weeks and their growth was checked at two-week
intervals.

Results

Neither intravenous, nor subcutaneous inoculations of the culture collection
strain CCM 5889 elicited clinical signs in any of the calves within 30 weeks, but
all showed positive reactions to avian tuberculin and johnin between the 5th and
11th postinoculation week (Table 1). Two thirds of the calves, inoculated intra-
venously or subcutaneously with the strain CCM 5889, responded to johnin by
increases in skin measurements over 3 mm. The highest increase in skin measu-
rements with avian tuberculin was 2.5 mm. A transient increase of hypersen-

Table 1

Dynamics of hypersensitivity to avian tuberculin and johnin in calves inoculated with 0.1 mg of M. johne
culture per 1 kg liveweight

: : Days after inoculation
A“N‘:,“a‘ St.'l:;“mﬁg‘t‘i?n"f Allergen* 0 34 77 117 152 187
. increase in skin measurements
7867 CCM 5889 Ptb V] 14.6 8.3 7 3.4 15°
iv. A V] 9.6 13.6 0.4 4.2 2.2
7860 Ptb V] 11.5 17.2 1.4 4.2 1.0
A V] 4.8 13.9 2.4 4.3 1.2
1278 Ptb 0 11.7 16.2 3.3 0.8 0.7
A V] 4.1 14.3 1.3 V] V] ]
oz Ptb 0 12.6 139 3.9 2.8 1.1 ]
A 0 6.2 13.9 1.3 2.8 1.1
1280 Ptb V] 11 13.1 2.2 4.1 0.5
0 5.5 12.8 2.0 1.9 0.1
7863 Ptb 0 7.5 19.1 4.5 2.1 0 i
A 0 5.0 16 1.9 0.6 1.3
2C Ptb 0 9.9 16.2 3.5 2.4 0.5
A V] 6.3 15.8 2.1 15 0.7
1268 Ptb V] 10.5 17.2 3 2.4 1.8
A 0 7 15.2 3 0.8 1.6
7856 1/623 Ptb 0 15.8 17.1 4.4 4.2 2.1
A 0 6 12.6 2.2 1.5 1.2
1248 Ptb 0 26 23.8 9.1 11.6 5.1
A V] 14 19.4 3.6 0.7 1.4
2 Ptb V] 17.4 190.3 5.5 6 2.6
A A 0 9 15.7 2.9 10 1.4
1289 died 30 days after inoculation
1287 1/623 died 23 days after inoculation
1284 iv. died 33 days after inoculation
* Ptb = johnin

A = avian tuberculin
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sitivity to both allergens was observed in some animals during the subsequent
period, but none of the calves reacted to any of them at the end of the observation
period, i. e. 6 month after inoculation.

The virulence of the field strain 1/623 was markedly higher. All 3 calves ino-
culated intravenously died within 3 to 5 weeks and serious gross lesions were
found in the lung upon necropsy. Reisolation of the strain was successfull from
the lung parenchyma and corresponding lymph nodes, and, in one calf, from the
small intestinal mucosa. A swelling at the inoculation site, reachmg its maximum
4 weeks after inoculation, was observed in all calves. The sensitization potency
of the strain 1/623 was higher compared with that of CCM 5889. Two and one
calf of the group inoculated subcutaneously reacted to johnin 5 and 6 months
after inoculation, respectively.

With the exception of animals dying after intravenous inoculation of the strain
1/623, mycobacteria were not detected in faeces, irrespective of the strain used.
Haemagglutination tests with the homologous antigen revealed positive titres 5
weeks after inoculation with the strain CCM 5889. The titres persisted till the
4th post-inoculation month, varying between 1:64 and 1 : 128. The calves inocu-
lated intravenously with the strain 1/623 were not examined serologically owing
to their early death. Positive haemagglutination titres developed also in calves
inoculated with the strain 1/623, but not in those inoculated with the strain CCM
5889. The titres reached their peak values 2 months after inoculation and decreased
later to disappear in all animals 5 months after inoculation.

Bacteriological examinations demonstrated the presence of mycobacteria only
in calves inoculated intravenously with the strain 1/623. Positive findings were
obtained from the lung parenchyma and mesenterial and mediastinal lymph nodes

7 able 2
Pathological and bacteriological findings in calves inoculated with M. johnei

ia®
Animal | Straininoculation | Weeks after inoculation . Presence of mycobacteria
No. route dead slaughtered Lesions [ i |
A | B o] D
7867 . CCM 5889 28 1 neg. neg. neg. neg.
i.v
7860 29 2 neg. neg. neg. neg.
1278 29 2 neg. neg. neg. neg.
1280 CCM 5889 28 3 neg. neg. neg. neg.
s.c.
1321 30 4,5 neg. neg. neg. neg.
7863 30 1,4 neg. neg. neg. neg.
1268 1/623 28 1,6 neg. neg. neg. neg.
s.C.
7856 28 1,7 neg. neg. neg. neg.
1248 30 8 neg. neg. neg. neg.
1289 1]623 4 1,6 neg. pos. pos. pos.
iv.
1287 3 1,9 neg. pos. pos. pos.
1204 5 10 pos. pos. pos. pos.
Hepatization of apical lung lobes *) A = intestinal mucosa
o . B = mesenterial lymph nodes
Pea-sized fibrous lesion at the inoculation site C = lung lymph nodes
Enlarged mesenterial lymph nodes, thickened ileal mucosa D = parenchyma of apical lung
Necrotic foci in the liver ‘lobes

Enlarged mediastinal lymph nodes
Enlarged lung lymph nodes
Enlarged mesenterial lymph nodes, hyperaemic ileal mucosa

°.°°.".°‘.‘"!“9’!°!"

yperaemic ileal mucosa
10, Enlarged and hyperaemic mesenterial lymph nodes, hyperaemic ileal mucosa
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and, in one calf, from the small intestinal mucosa. The results of bacteriological
examination also showed that a complete spontaneous clearance of mycobacteria
is possible in infected animals (Table 2).

Discussion

Our experiments have demonstrated that the virulence of culture collection strains
of Mycobacterium johnei tends to be very low. The susceptibility of animals depends
largely on the route of infection. Experimental infections of calves with a strain
isolated from cattle showing clinical signs of Johne’s disease was lethal in all ani-
mals infected intravenously. Our pathological and bacteriological findings in the
lung, as well as the higher susceptibility of calves to intravenous inoculation, cor-
respond with data published by other authors (Larsen et al. 1977). On the other
hand, we did not find tubercles, described by some authors (Weidlich 1954)
in any of the experimentally infected calves. The benign course of subcutaneous
and intravenous infections with the strain CCM 5889 correlated well with the
absence of mycobacteria from faeces. Shedding of the causal agent is considered
a helpful indicator of susceptibility (Taylor 1953; Bang 1976).

Swine are another species, which may be susceptible to experimental infection
with M. johnei. We have demonstrated that lesions in swine are similar to those
described by some authors in cattle. Morphological alterations, found in various
animal species, are dependent on biological properties of mycobacteria participa-
ting on the infection.

Our results have confirmed earlier conclusions of some authors, that proper-
ties of Mycobacterium johnei are very similar to those of the members of the Myco-
bacterium avium complex (Chiodini 1990). Owing to a wide variability of strain
isolated from cattle and sheep affected with mycobacterial enteritis, strains with
growth and other biological properties differing strictly from those of M. avium
are isolated occasionally.

Virulence Mycobacterium paratuberculosis p¥i experimentilni infekci
telat

Pii experimentalni infekci 12 telat byla ov&fena virulence kment Mycobacterium
paratuberculosts, a to sbirkového kmene CCM 5889 a terénniho, izolovaného u sko-
tu s pfiznaky paratuberkul6zy ¢. 1/623. Po infekci telat sbirkovym kmenem
‘M. paratuberculosis CCM 5889 se nevyskytly b&hem 30 tydni u zidného z po~
kusnych zvifat klinické pfiznaky onemocnéni, a to jak pfi intravenézni, tak pod-
kozni inokulaci. U v8ech telat byla zjiSténa pfi vnitrokozni aplikaci pozitivni reakce
na avidrni tuberkulin a paratuberkulin v obdobi 5—11 tydnt po infekci. Vyrazn&
vétsi virulence byla zjiSténa u terénniho kmene M. paratuberculosis 1/623, ktery
pfi intraven6zni inokulaci vyvolal uhynuti vSech 3 telat v obdobi 3—5 tydni po
infekci. Reizolace inokulaéniho kmene se podafila ze zm&n&ného parenchymu,
miznich uzlin plic a mezenteridlnich a u jednoho ze tif telat rovnéz ze sliznice
tenkého stfeva. SenzibilizaCni schopnest terénnfho kmene 1/623 byla rovnéz vy-
raznéj§i ve srovnini s kmenem CCM 5889 a udrZovala se na paratuberkulin do
6 mésict po infekci. VySetfeni trusu bylo u viech zvifat (kromé& 3 uhynulych telat)
po celou dobu pokusu na mykobaktérie negativni. Pfi sérologickém vySetfeni zvifat



372

pomoci nepfimé hemaglutinace byly zji$tény pozitivni titry s antigenem pfiprave-
nym z kmene CCM 5889 za 5 tydni po infekci pouze u skupiny telat infikované
intravenézné, které se udrzovaly do 4 mésici po nakazeni. U telat infikovanych
podkozné byly zji$tény pozitivni hemaglutinaéni titry 1: 64—1 : 128 pouze u sku-
piny telat infikované kmenem 1/623. Bakteriologické vySetfeni telat utracenych
za 6 mésicl po infekci bylo u viech zvifat na mykobaktérie negativni veetné mista
inokulace.

BupyneHtHocTh Mycobacterium paratuberculosis
Npyu 3KCNEpPUMEeHTaNnbHOi MHMEKUUN KPYNHOro poraTtoro cKora

B xoae akcnepumeHTanbHbIX MHMeKuuit 12 TenaT npoBepsanu BUPYNEHT-
HOoCTb WTamMMoB Mycobacterium paratuberculosis, - a UMEHHO WTamma
CCM 5889 u wrtamma, U30NMPOBAHHOIO Y KPYNHOro poratoro ckoTa Cc npu-
3Hakamu naparty6epkynesa N° 1/623. MNocne uHMEKUUU TENAT KONNEKLHUOH-
‘HbIM WTammom M. paratuberculosis CCM 5889 B TeueHue 30 cyTOK HU
*.¥y OAHOTO W3 NOAONbLITHbIX MXWBOTHbIX HEe O6blNU BbIABNAEHbI KAUHWUYECKUE

npusHaku 3aboneBaHus, HU NpPU BHYTPUBEHHOWU, HU NpPU NOAKCKHON WUHO-
Kynsuuu. Y BCeX Tenatr npu BHYTPUKOXHOM BBeAeHUU Gbina yCTaHOBNEHA
No3UTUBHAs peakuus Ha aBUapHbli TyGepKynuH W napaTty6epKynuH B ne-

" puoa 5-11 Hepenb nocne uHdekuuu. Bonee BbipazuTenbHas BUPYNEHT-
HOCTb Oblna ycTaHOBNEeHa y NONYUEHHOro B MONEBbIX ycnoBusax M. para-
tuberculosis 1-623, Bbi3BaBWIErO NPU BHYTPUBEHHOW WMHOKYNSALUU OTXOA
‘Bcex 3 tensat B nepuos 3 -5 Hepenb nocne uHdekuuu. Pensonsiuma UHo-
‘KYNAUMOHHOTO WTaMMa yAanacb U3 M3MEHEHHOW MNapeHXUMbl, AUMdaTH-
UYECKUX Y3NOB NErkMX U Me3eHTEepUanbHbIX CNOEB, Y OAHOIO U3 TPeX TensT
- Y3 CNU3UCTOW TOHKOW KUWKU. CeHcubunusauuoHHas Crnoco6HOCTb
wTamMma 1/623 no cpaBHeHuio co wtammom CCM 5889 Gbina Takxe 6onee
Bblpa3uTeNbHO W yAepXuBanacb No OTHOWEHWIO K napaTyb6epKynuHy Ao
6 mecsues nocne uHdekuuu. MccnepoBaHue kKana y BCEX XWUBOTHbIX (3a
ucknioueHveM 3 norublIUX TensT) B XoAe onbiTa Ha MUKoGakTepuu Gbino
HeraTuBHbiM. B xoae ceponorMueckux UCCNeAOBaHWM XUBOTHLIX C NO-
MOLLbIO KOCBEHHOW remMarrnioTMHauuMuM 6binM  YCTaHOBNEHbl MNO3WUTUBHbIE
TUTPbI C @aHTUr€HOM, NOAFOTOBNEHHbIM U3 wTamma CCM 5889 uepes 5 He-
Aenb nocne MHMEKUUU TONbKO Yy Fpynnbl TENAT, UHDPULUPOBAHHBIX BHYTPH-
BEHHO, KOTopble npojaepxanucb Ao 4 mecsueB nocne uHdekuuun. Y noa-
KOXHO WHMUUMPOBAHHbLIX TENAT O6biNM YCTaHOBNEHbl MO3UTUBHbIE FeMa-
fNIOTUHAUUOHHbIE TUTPbI 1:64 - 1:128 TONLKO Yy rpynNNbl TEAAT, UHMDULUPO-
BaHHbIX wWTaMmom 1/623. BakTepuonormueckve MCCNefoBaHUs Ha MUKO-
6akTepuu y TensT, yMmepLiBNEHHbIX uepe3 6 Mecsaues nocne MWHMEKUUn
ObINM HEraTUBHLIMMK, BKNIOUAs MECTO MHOKYNALWMU.
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