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Studies on the prevention of tuberculosis in pet dogs
1. The effects of BCG pretreatment in pet dogs inoculated
experimentally with AMywbacteraom bovis
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| . and 95 thousand of theirs were infectious patients.! In re-

cent year, mycobacterial disease is of renewed interest be-

Tuberculosis is an infectious disease caused by mainly cause of the increase in M bdberadosis disease, in part due to
Mybacernm(M)  tuberaudosis and which has been an important
world-wide public health problem. It estimated that there are
approximately 726 thousand cases of tuberculosis in Korea

acquired immune defiency syndrome{AIDS®'®!® and be-
causz of the prominence of M aham wmplex infections in
AIDS patients! First of all, prevention against infectious

« This paper was supported by NON CIRECTED RESEARCH FUND, Korea research foundation, 1990.
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toute is most important for the eradication of tuberculosis.
Among the host of tuberculosis, the dog has known to more
susceptible to M éovis and M tberadosis. Furthermore, acoord-
ing to the increases of breeding of pet dogs in apartments,
the opportunity to contact to tuberculosis persons goes on
increasing every vear. However, tuberculosis infected dogs
does not show any symptoms, the dog again transmiss
tuberculosis to man. Therefore, perevention of tuberculosis in
dogs will be important for the elimination of infectious route
in human. However, the survey about tuberculosis infection
in dogs is still unknown. For prevention of tuberculosis,
Bacilli Calmette-Guenin(BCG) vaccine has been used in re-
cent years. However, the preventive effect of BCG were
different from 2-to 90% according to difference of vaccined
strain, vaccine dose, and infectous frequency of atypical
mycobacterial disease.’® The mechanism of protection in
tuerculosis is believed to nonspecifically stimulate the host’
resistance against various target® But little attention has
been focused on the possible role of BCG effect elevating
mononuclear phagocytes in dogs. Thus, more reliable means
of assessing the BCG reactive status of dogs would be of
considerable value.

Bronchoalveolar lavage(BAL) has been used to evaluate
the kinetics of progressive pathologic events and immunolo-
gic phenomena® Among the BAL, the pulmonary alveolar
macrophages(tAM) constitute the first line of defense against
an aerogenic mycobacterial challenge® M bais and M tubera-
losis are intracellular pathogens capable of persisting and re-
plicating  within nonactivated macrophages®'’ For this
reason, the subpopulation of BAL, the intracellular multi-
plication of organisms and the activity of alveolar mac-
1ophages were examined. In an attempt to develop new di-
agnotic and vaccine tools for the control of canine tubercu-
losis, we study that the effect of BCG pretreament in dogs
infected with M bovis were explored @ ziw and = vibw.

Materials and Methods

Animals : Six mongrel dogs of both sexes originated from
same maternal dog, about 1 month of age and weiging 1000
to 1200 g were obtained from a commerical supplier. These
animals were checked for being negative for tuberculosis de-
tection by X-ray. They were given Purina Dog Chow-
(Seoul, Korea) and water ad fbiton until use.

Experimental design : Dogs were divided into 3 groups
of 2 each;BCG pretreatment group, Mywbaderian(M) bovis
only treatment group, and uninfected control group. The

BCG pretreated group were sensitized intradermaly with
02mé of BCG(Japan BCG Co) before 3 week of M beis
treatment. The organisms(M fwis) were intraperitoneally in-
jected as concentration of about 1 X 107 per dog. All dogs
were: killed 4 months after injection.

Bacteria : M bis were obtained from the Jung-Ang infec-
tious: disease Insitute(Dae Jun, Korea) They were grown m
modified Sauton medium with added Tween 80 as de-
scrited previously and stored at 37°C until required**

Cutture media and reagents : RPMI 1640 complete m-
edium was prepared from powder mix{Nissui Seiyaku Co,
Tokyo, Japan) and supplemented with fresh L-glutamine-
(0.3mg/mé, Wako Chemical, Osaka, Japan), 2-£-mercaptoeth-
anol(50mM, Wako Chemical), HEPES(156mM, Sigma Ch-
emical, St Louis, Mo), sodium pyruvate(lmM, Wako Chem-
ical) Fetal calf serum(FCS, Gibco, Grand Island. NY) was
mnacivated by heating at 56°C for 30minutes and added to
10% concentration. Sheep red blood cell, SRBC(Nippon B-
ioSupp. Center, Japan) were stored in Alserver's medium.
The anti-SRBC IgG antibody(Cordis Laboratories, Miami,
US.A) was used.

Isciation of alveolar macraphages : Bronchoalveolar cells
were obtained by bronchoalveolar lavage(BAL) as
described ! Briefly, after the animals were killed, the jugular
vein was severed and the trachea were cannulated. A total
volurne of 500mé of Ca*® Mg*®" free phosphate buffer
saline PBS(-) was infusd in each dog, about 909%(450mé) of
which was recovered. The bronchoalveolar cells were
obtained by centrifugation at 1500rpm at 4°C for 10minutes,
washad three times in PBS() and finally resuspended in
RPMI 1640 medium(Nissui Co. Japan). Then cells were
counted in a hemocytometer chamber and viability was de-
termined by trypan blue exclusion. For comparision, values
of toal cell counts in lavage fluids was cormected for the
corresponding fluid recovery and all values were calculated
as cell counts per 450m¢ of lavage fluid recovered. The re-
suspended cells were adjusted to 1 X 10° viable cells in 1m¢
medium and 2mé of the suspension was placed onto 35mé
plastic dishes(Coming ; Iwaki glass, Tokyo) with cover glass.
After incubation at 37°C for 2hrs, nonadherent cells were re-
moved by washing three times, remaining adherent cells
were further cultured with the RPMI 1640 complete
medium without antibiotics. At various time intervals, the
coverslips were washed three times with PBS(), fixed with
methyl alchol and were stained by WrightGiemsa solution
or Zichl-Neelsen method for acidfast bacilli.
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Anaysis of bronchoalvedar cells | Differential counts of
lavage cells were made from cytocentrifuge smears(Tomy
Seico Co., LTD, Tokyo) prepared with 3 X 10* cells, air
dried, fixed and stained with WnghtGiemsa solutions(Sig-
ma). A differential count was performed using commonly
accepted morphological critenia ; percentage were determined
by counting of 500 to 1000 cells.

Fc receptar mediated activity of alveolar macrophages :
Fc receptor activity of alveolar macrophages was tested by
a modified method of Wright and Silverstein!” The adhe-
rent monolayers of BAL on coverslips were prepared by in-
cubation for Zhr at 37°C. Sheep red blood cellfSRBC)
were washed three times with PBS(-), resuspended. and
sensitized with a 1 : 256 dilution of rabbit anti-SRBC IgG
antibodv(EA) for 30min at 37°C in shaking water bath. After
washing three times, 10044 of 5%(V/V) sensitized SRBC
was added to each adherent monolayers contaimng 1mé
‘RPMI complete medium. For rosette assay. the coverslips
were incubated for 30min at 4C and dipped into PBS() to
remove unbound EA, dried, washed, fixed and stained with
Wight-Giemsa stain. Data are presented as attachment index,
the number of EA bound per 200 alveolar macrohages.
Fe-mediated phagocytosis(37°C, 1hr incubation) was scored
in a similar fashion after uningested EA were lysed by bref
exposure to 0.83% ammonium chloride.

Peripheral blood monocyte culture : Blood obtained from
jugular vein was collected in heparinized syringes. Diluted
blood(1:3 in RPMI medium) was layered on Ficoll-paque
gradients(p=1077 g /m¢ ; Pharmacia Inc, Uppsala, Sweden).
The interphase containg mononuclear cells was then washed
four times with PBS(-) and purfied by adherent for Zhrs.
After 5days, the coverslips were washed three times with
PBS(), airdried, fixed and stained by Wnght Giemsa solu-
tion.

Histopathology - After lavage, the lungs were removed
and each lobe was fixed by immersion in 10% neutral buf-
ferad formalin, embedded in paraffin and 4 #m-sections were
made and stained by hematoxylin and eosin(H & E) and
Zichl-Neelsen method for acidfast bacilli.

Statistical analysis : Results are expressed as mean values
+SEM. Statistical significance was determined using Stu-
deat’s unpaired ttest(p<<0.05).

Result

Histopathological finding : At four months after M bais in-
oculation, all dogs were killed and examined. Gross changes

were only limited to the lung. M éevis only treated dogs had
the nodules of 1—3cm in the dorsal part of various lobes-
(Fig 1). The cut suface was uniform. However, no signifi-
cant alteration in the BCG-pretreament group noted(Fig 2).
Histopathologically, pulmonary lesions from M bais only tre-
ated dogs were characterized by diffuse marked infiltration of
macroohages mainly and by a cluster of polymorphonuc-
learPMN) cells occasionally(Fig 3). Typical granulomas
were not as common. The nonspecific granulation tissues
were composed principally of epitheloid cells surrounded by
thin fibrous tissue in which were scattered small collections
of macrophages and lymphocytes, but Langhan's giant cells
were rare(Fig 4). In BCG pretreated dogs, the pulmonary le-
sions were similar to M bouis only infected dogs. However.
in BCG pretreatment dogs. the magnitude of the tuberculous
granulomas was more smaller and only a slight infiltration
of alveolar macrophages but not PMN cells was observed-
(Fig 5). In both groups, the presence of M bais in the lung
tissue was difficult to find precisely because the organisms
were to0 short bead form and seen rarely(Fig 6).

Influx and fractionation of BAL(bronchoalveolar lavage) :
The riean total nucleated cell count and differential cell
count data from BALs were as shown Table 1. The num-
ber of lavage cells harvested from lungs of uninfected dog
was lower than that of both treated groups. The M dmas
only treated dogs showed the most singnificant increase in
the number of total lavage cells(Table 1). The most fractions
of BAL was alveolar macrophages(85%) in both the treated
groupsFig 7). The proportion of macrophages was deter-
mined by the phagocvtosis of IgGcoated SRBC in BALs
or by their morphological criteria. The number of neut-
rophils in the BCG pretreaatment group was significantly
lower than that from M beis only group. In contrast, the tot-
al number of alveolar macrophages from the BCG pretrea
ment group was more than that of M bais only treated
group.

Fc receptor mediated activity - Fc rosette and Fc recep-
tor mediated phagocytosis were evaluated by incubating
alveolar macrophages with IgG-coated sheep RBC at 24hr
culture. The results were summerized in Table 2. As shown
in Fig 8 9. the values of ingestion and attachment in the
BCG pretreament group were sigificantly higher than that of
the M bovis only treated group and control group.

Observations of cytopathic effect{CPE) and prdiferation of
M. bowis . The apperances of CPE in the alveolar mac-
rophage monolayers isolated from BALs were checked at
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Table 1. Bronchoalveolar cells analysis

M bovis only treated BCG pretreated Control

Characteristics group group group
Total cell yield, X 108 2,01£0.4 L1+0.2 0.740.3
Viability, % 97.3%0.4 97.540.3 98,010. 4
Macrophages” 85.8+0.3 88.740.2 91,540.1
Lymphocytes’ 5.640.3 5.840.4 4.1+0.3
Neutrophils’ 7.240.2 5.3+0.2 4.340.2

* ! Differential counts(% of total cells). Each value represents the mean of two cell preparations+ SEM.

Table 2. Fc receptor mediated rosette and phagocytosis of IgG coated sheep RBC by alveolar macrophages(AMe) cultured

from various dogs.

Source Fc rosette Fe phagocytosis
AM with bound Bounded SRBC Index AM@ with ingested Ingested SRBC Index
SRBC(% of total) ~ (mean/AM@) SRBC(% of total)  (mean/AM®)

M bovis 34.8 12.2 424.5 59.5 6.7 398.6
only
BCG 47.4 12.9 611.0 72.9 10.1 729.2
pretreated
Un-infected 31.6 11.0 347.6 53.5 6.5 347.1
control

* . percentage of total AMo with bound or ingested red cell X mean numker of red cells bound or ingested/AMo.

different intervals. The bacilli of long-beaded form were seen
in cultures of both the treated groups. However, at 7days af-
ter cultures the replicaxion of A bas#s in alveolar mac-
rophages from BCG pretreatment group was markedly de-
layed as compared with that of M éwis only group(Fig 10).

Analysis of peripheral blood cells and culture of mono-
oytes : In the culture of peripheral blood monocytes, the
BCG pretreated group produced a marked bastic cell mor-
phology as compared with that of M bwis only treated
group(Fig 11, 12).

Di .

A more recent 2 year survey of Korean National Tuber-
culosis Association reported that the prevalence of tuberculo-
sis was 1.67% of total populations and it is a leading cause
of death(killing more than 5000 persons each year) in
Korea® Therefore, until recently, tuberculosis has known to
a important epidermiological disease threating our health.

Among the host of tuberculosis, the majority of canine
cases have known to be caused by the humen type. Acoor-
dingly, because mostly infection contracted from tuberculous
owner and disease is again transmitted from dog to man, the
diagnosis and prevention of tuberculosis in the dog could be
important for the elimination of TB infectious route. Howev-
er, little attention has been focus on animal model as dog
having the most close friendly relation with human. More

recently, Kim’ reported the result that 6 cases of 70 dogs
breeding in household were infected to tuberculosis. Tuber-
culin skin tests have been used in the diagnosis of tubercu-
losis in human and other animals. However, it is not a reki-
able tool for canine tuberculosis detection. As the diagnosis
of tuberculosis in the dog, the inoculation of BCG have
known to be reliable but little is known about the effect of
BCG in the dog.

The initial step in the pathogenesis of bacilliary pulmon-
ary tuberculosisBPT) has known to the establishment of
the primary lesion. Many disagreements are whether tubercle
bacilli reach the apicalsubapical(A-SA) region of lung via
the: airstream or the blood stream. In our observations, M
bowis infection was readily established in all the intraperi-
toreally(i, p) inoculated dogs and the infection was con-
firmed by the individual necropsy finding and the presence
of the organisms in the alveloar macrophage cultures. Ther-
forz, this result suggest that the tubercle bacilli are able to
transport from the peritoneal cavity to the A-SA region via
the bloodstream by ip. injection. The BCG injection pro-
duced focal granuloma fromation and mild macrophage infil-
tration as compared with those of the M bois only treated
greup. Thus, the alveolar macrophage migration in the lung
may be related to the magnitude of microorganism mult-
plication, However, hecause the slaughter of dogs were
achieved at early time as 4 months after infection, the in-



fected dogs would be developed mild multifocal granuloma-
tous pulmonary lesion. As this result, we think that the in-
fected dogs would have progress toward a more severe form
of tuberculosis if they were kept alive longer and adminis-
tered by the intratracheal route.

Histopathologically, it is difficult to precisely find the pre-
sence of the organisms in the lung tissue. However, In wim
we are able to readily find the presence of M beis. This re-
sult is consist with the result the acidfast organisms in lung
tissue could be either destroyed or present in a cell wall-
-deficient state” but # uitw, alveolar macrophages may povide
an excellent environment for replication of M ebis. In our
study, because we used the pertoneal route, perhaps the
peritoneal macrophages play a role in clearing the entry of
M bouis into the lung of dog. However, M bais show strong
affinity for alveolar macrophages i wifw as compared with
peritoneal macrophages(data not shown). It suggested that
the organisms are taken up by alveolar macrophages rather
than by peritoneal macrophages located at injection site. At
7 days after alveolar macrophage culture the A bais only
treated group has the rapid cell destruction and high in-
tracellular multiplication of M bwis. These & wifw results sug-
gest that M bais is ingested by an alveolar macrophages at
the site of implantation and after a lag period of a few days,
the mycobacteria multiplies intracellularly. Then, the mac-
rophage dies and the organisms released are ingested by
other un-infected macrophages. However, the BCG pretreat-
ment produced the inhibition of the intracellular multiplica-
tion of M bais and the high Fc receptor mediated activity
although they were incapable of the killing the organism.
These results suggest that the mycobacteria within the lung
may remain in a matabollically active state in order to in-
duce the maxium mononuclear cell response of the type
associated with acquired antituberculosis immunity. Accor-
dingly. one possible reason for the protective effect of BCG
may be related to the phagocytosis enhancement and the in-
hibition of intracellular replication of mycobacteria to some
extent.

The protective mechanism of BCG against tuberculosis is
kelieved to be one of cellular immunity® Recently, it seem
likely that BCG may trigger the monocyte activation to pro-
duce TNF-@ through a phagocytic process. In this work,
although the mechanisms mediating the growth inhibition of
mycobacteria by activated macrophages has not been eluci-
dated, the effective mechanism of BCG could be related to
the opinion of Takashima et al!® suggesting that the levels

of TNF-a@ produced by monocytes were related to the dis-
ease states of pulmonary tuberculosis.

In this study, we supposed that there is a correlation be-
tween the severty of experimental M bouis infection in dogs
and the number of inoculated organisms. Moreover, the pro-
tective effect of BCG can be proportional to the size and
the extent of the pulmonary lesions. However, based on cli-
nical, histological, and cultural criteria, we found the practic-
al dose of BCG in canine resistance against tuberculosis re-
mains to be determined because of a complex pattem of in-
volvement by a host’s defense mechanism. Furthermore, the
problem of this experiment may be due to variety of factors
such as infectous dose of M bwis, dose of vaccined BCG,
and injected route.

In conclusion, we suggest that the BCG may be effective
for the reduction of the lung lesion and bacilli multiplication
in the dog. Further studies will be need to support results
that dogs vaccinated with BCG produce a resistance against
tuberculosis.

Summary

Dogs were divided into 3 groups of two each;Bacillie
Calmette-Guenin(BCG) pretreatment, M bais only treatment
and uninfected control group. BCG were vaccinated in-
tradernally with 0.2mé before 3weeks of M bais intrapen-
toneal infection. Infection at necropsy 4months later was
readit; in the both treated dogs. Histopathologically, the
BCG pretreated dogs produce the moderate accumulation of
macrcphages and focal granuloma formation in the lung.
whereas the M bwis only treared dogs produce the accumula-
tion of predominantly macrophages, occasionaly polymorpho-
nuclear cells and the more larger granuloma. Bronchoalveo-
lar lavage(BAL) was obtained and total and differential cell
counts were examined. Total number of BAL cells har
vested from uninfected dogs is lower compared with those
of the both treated groups. The total cell number of A bais
only treated dogs were singificantly higher 18 times than
that of the BCG pretreated dogs. The Fc receptor activity
and the growth of organism in alveolar macrophages
obtaired from BCG pretreated dogs were compared with
that in macrophages from M bwis only treated dogs. BCG
vaccination resulted in substantial macrophage activation,
measured as increased Fc receptor mediated phagocytosis
and rosette formation, as wells as the inhibition of intracellu-
lar mycobacteria multiplication. However, actibated mac-
rophages taken from BCG pretreated dogs are incapable of
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killing the M bwis. Thus, these results suggest that BCG havz acquired antituberculous immunity, although few myco-
pretrearment in the dog may produce a protective effect bactenia within the lung remain in a metabolically active
against tuberculosis because active alveolar macrophages state.

Legends for figures

Fig. 1, Gross appearance of lung from Mywbacterim bovis only treated dog.

Fig

Fig

Fig

Fig

Fig

Fig

Fig

Fig

2

3

Fig 10.

Fig 11.

Fig 12

The dog had the nodules of 1~3cm in the dorsal part of various lobes.

Gross appearance of lung from BCG pretreated dog.

The marked lesions were not observed.

Microscopic apperance of lung from M bewis only treated dog:.

The lesion were characterized by diffuse marked infiltration of alveolar macrophages mainly and by a cluster on
neutrophils occasionally. H & E. X 200.

. Microscopic appearance of lung from M bous only treated deg.

The nonspecific granulation tissue was composed principally of epitheloid cells, the small collections of macrophages
and lymphocytes, but giant cells were rare. H & E. X 400.

Microscopic appearance of lung from BCG pretreated dog.

The morderate infiltration of alveolar macrophages was observed. H& E. X 200.

Microscopic appearance of lung form BCG pretreated dog.

‘The organisms of short and bead from were observed in the alveolar macrophages. Ziel-Neelsen. X 400.
Cytocentrifuge preparation of Bronchoalveolar lavage(BAL) cells from A bais only treated dogs. Macrophages were
approximately 85% of total BAL cells. Wright-Giemsa. X 400.

Alveolar macrophages cultured from A bais only treated dogs.

The low rosette formation was observed as compared with that of the BCG pretreated dogs. Wright-Giemsa. X 200.
Alveolar macrophages cultured from BCG pretreated dogs.

Note exaggerated rosette formation of immunoglobin-coated sheep erythrocytes. Wright-Giemsa. X 200.

Long, slender rod-shaped organisms in alveolar macrophages cultured from Af éovis only treated dogs. Ziel-Neelsen. X
1000.

Morphology of 2day cultured monocytes from the peripheral blood of M éwis only treated dogs. More smaller
monocytes were observed as compared with that of BCG pretreated dogs. Wright-Giemsa. X 400.

Morphology of 2day cultured monocytes from the peripheral blood of BCG pretreated dogs. The monocytes of
marked blastic type were observed. Wright-Giemsa. X 400.
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