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INTRODUCTION

Animals infected with mycobacteria are allergic to
the protein contained in Pi’'D tuberculin and develop
characteristic delayed - type hypersensitivity react-
ions when exposed to tuberculoproteins in tuberculin.
If tuberculin is deposited in the skin (intraderma-
1ly), a local reaction characterized by inflammation
and swelling usually is elicited in infected animals,
whereas healthy animals fail to develop such respon-
ses at the injection site (Thoen, 1988). The compa-
rative tuberculin test in which two or more tubercu-
lins are injected simulaneously offers advantages in
differentiating infection with M. bovis from various
non-specific infections (Francis et al., 1978). The
tuberculin positive cattle show also changes in the
serum protein constituents (Moses et al., 1975 and
Gatner et al., 1982). '

The aim of this study was to followup the delayed
hypersensitivity responses in stears infected with
a variety of mycobacterial species and the changes
in the immune response determined by immunoglobulin
levels in their sera.
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MATERIALS AND METHODS
Animals:

Five steers were used in this study. These steers
were tuberculin tested one week before experimental
infection and showed negative tuberculin reaction.
The first four animals were individually inoculated with

an infective dose of only one of any of M. bovis, M.
tuberculosis, M. kansasii and M. fortuitum according
to Wedman et al., (1964). The fifth steer was left
as control.

Tuberculin Test:

All steers were tested by the single comparative int-
radermal tuberculin test according to Lesslie and
Hebert (1975) using the human, bovine and avian tube-
rculins. The interpretation of the test was done ac-
cording to Anon (1963 and 1977).

Quantitative Determination of Total Serum Proteins
and its Fractions:

Serum proteins were determined by the method of
Cannon et al., (1974). Electrophoresis and denseto-
metric determination of serum protein fractions were
done according to Smith (1969).

RESULTS

Tables 1,2,3, and 4, showed the results of the single
intradermal comparative tuberculin tests in M. bovis,
M. tuberculosis, M. kansasii and M. fortuitum experi-
mentally infected steers respectively. The non inocu-
lated control steer showed negative tuberculin reac-
tions during the whole experimentation period.

Tables 5,6,7, and 8 demonstrated the details of cha-
nges in serum protein fractions at different intervals
after experimental infection with different strains
of Mycobacteria.
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: Comparison belween single intradermal comparative
tuberculln test using buvinefuvian PPY (B/A 6.1.0.C)
and human / avian PPD - (W/A 8.1,b.¢) In M, bovie

experimentally Infected ntoer,

Incrense In skin Interpretation
thickness(mm) B-Aa|l=-A

Dovine| luman | Avian 0/ R/A

PPD PP PPy 8.01.0.C18.1.0.C
i‘ 2 o B 0 0 -ve -ve
E 3 1 2 2 -1 0 -ve -ve
E 4 40 . 20 1 33 13 ive tve
& 38 27 3 35 24 .kwc tve
¢ 37 17 J KE| 24 ive tve
,,6 37 15 2 35 13 ive tve
12 36 16 2 | 34 )4 tve tve
14 36 16 3 33 1 1ve ive
18 53 15 3 3V 12 ive tve
18 az 14 3 29 1 tve ive'
| 30 3l 13 4 2n 1 tve e
12 30 1 3 21 10 we_ | ave
24 26 12 J 21 ) w; ive
128 22 11 @ 20 ) tve tve
i 28 20 10 2 18 8 tve tve

A = one week before experimental infection,
I-A = difference between bovine and avian reaction,
-4 = difference belween human and avian reaction,

{
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Comparison betlween single Intradervsl compuessis,
tuberculin test using buvive / svian Mb /&

S.1.D,C ) und huwarn ; svien VPD (/A B.1.0.05 1s
M. _tuberculosls expurinantially julecied siesr.

L

- MRS
§§ lnt;::::u::(:x‘;" Juteyprs
s wl W= A e B ee————
2 § Dovine | Muman | Avian H/A f
’:‘.’ 8 PPD PED PID 5"'”";;*
A 0 0 0 0 0’ -ve i '
2 ] 1 2 -3 -1 -vo |
A 15 21 8 7 14 tve
.6 28 36 6 22 30 ive ' 8
8 26 23 5 21 18 tve
10 24 22 5 19 17 ive
12 23 1 4 19 17 ive
'14 22 22 q 18 i tve
16 21 22 4 37 18 tve -
i8 20 20 4 16 16 ive
20 18 17 1 15 13 ive
22 17 16 4 13 12 ive
24 16 i5 4 12 i1 tve
26 15 15 4 11 11 ive
28 13 14 3 10 11 ive

A= one week before experimental infection.
B-A= difference between bovine and uvian reaction,

fi-A= difference belween human and avian reaclion.
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DISCUSSION

The five steers vere tuberculin tested a week before
the experimental infection and then were tested every
2 weeks (Moodie, 1977; Awad et al., 1979; and Thoen
et al., 1983 a) until the 28th week by the single
comparative tuberculin test using bovine / avian and
human / avian PPDs. Interpretation of tie c(ests was
done according to Anon (1977) and Anon (1963) respe-
ctively. All animals proved to be tuberculin negat-
ive before experimental infection and until the 4th
wveeks post infection.

The steer infected with M. bovis (Table 1) showed a
notably higher reaction to the homologous tuberculin
than that of the human PPD tuberculin, while it was
negative to the avian PPD tuberculin. These results
agree vith that of Lesslie et al., (1975), Lutsevich
{1976) and Petricevic et al., (1977).

The steer infected with M. tuberculosis (Table 2 )
gave a higher reaction to the homologous PPD tuberc-
ulin than the bovine PPD tuberculin from the 4th to
the 6th weeks after infection, and showed no signi-
ficant difference between the bovine and human tube-
rculins from the 8th to the 28th weeks. This agrees
with the findings of Francis et al., (1978). An une-
xpected positive reaction to the avian PPD tuberculin
was shown in this animal although the mammalian rea-
dings were still the higher. It is difficult to int-
erpret such a cesult in an animal showing a negative
tuberculin reaction to any of the bovine, human ard
avian PPD tuberculins before starting artificial in-
fection. It is known that M. tuberculosis infection
does not elecit non-specific sensitization to avian
PPD tuberculin; otherwise the animal may have been
sensitized to avian TB or other atypical mycobacteria.
1t may be said that this particular steer may have
been exposed by a way or another to some kind of

sensitization veek or so before starting the experi-
ment.
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*sble (3): Comparison bc|w094|szngl¢- Intradermal comparsiisve
tubercenlin tent uslog bovine [ avias VWO (B | 4
8.1.b.C)y amd h’tlm/:lll ] nvinn Pib (/A 5,1.0.€C ) s
M: kansusil experimentally Infecied steer,

r —— - d— . Gp———— g r—.

| o a Increuse In skin Interpreis

i ig thickness (wm)

; ':; ol e & TH +H

| : o Bovine Human Avian B/A o

, ¢80 8.1.0.C18.1

o8 PPp PD 1'Ph 10,6 18,1

L o F. S ’

i A V) O 0 0 0 -ve

| A

P2 1 ] P -3 -3 -ve ~ve

: 4 ] 2 2 -1 0 ~-ve e
6 ] 8 3 2 b - 3 2
3] 7 10 5 2 H 4 *
10 5 3 3 2 5 x :

4
12 - 1 4 ] 5 > 4 .
14 7] Y 4 . 6 4 -
16 1 "2 2 -1 0 . i
18 2 2 5 -3 =4 i o
20 1 2 2 - v " Ak
22 | 1 2 =k - e i
24 1 ] ) v v e s
26 0 l ' '—J 0 -ve =ve
n

28 0 0 0 0 0 -ve yo

A = one weeke before experimental infection,
B-A = difference between bovine and avian reaction.
H-A = difference between human and avian reaction.
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the steer infected with M. kansasii shoved on -
apecific gepsitization to bovine, human and avian /9
tuberculing starting from the 6th week post infect-
100 up to the 14th week, with maximal readings at
‘be 8th weok (Table 3). Semsitization to such 2n in-
fection seems to wane later on from the 16th week
watil it adbolished afterwards. According to Aion
{1977) and Anon (1963), the interpretaton of the
bovine avian and human - avian comparative tubercu-
1in test revealed an inconclusive reaction through-
sut that period when the animal showed non-specific
sensitization i.e. B weeks.

The steer infected with M. fortuitum showed a weak
non-specific sensitization te both bovine and avian
PPD tuberculine, and a somewhat stronger non- speci-
fic sensitization to human PPD tuberculia starting
from the 6th week to the 10th week post infection
{Table 4). Sensitization to such an infection seems
to wane later on from the 12th week until it disapp-
eared by the end of the experiment. According to
Anon (1977) and Anon (1963) the interpretation of
the bovine - avian and human - avian comparative tu-
berculin test revealed also an inconclusive reaction
throughout that period when the animal showed non -
specific senitization i.e. 4 weeks. These results
coincide with that reported by chaparas and Maloney
{1978) who stated that M. kansasii has more common
sutigens than other mycobacteria. The non-specific
reactions due to M. kansasii and M. fortuitum agree
vith the results of Korzh et al., (1978) who repor-
ted that M. kansasii and M. fortuitum gave non - spe-
ific reaction to mammalian PPD tuberculin. It is
zlso noticed (Tabie 3 and 4) that atypical mycobact-
eria could sensitize animals to tuberculin test which
decreased with time., These findings coincide with
Schlieseer (1965 and 1969); Lesslie et al., (1975),
Thoen et al., \1977) and Corner and Pearson (1978).
The M. fortuitum infected animal gave higher read-
inge with the mammalian tuberculins than the avian

tuberculin, This agrees with the findings of Thoen
(1990).
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Table (4)) Comparison between single intrederssl
comparative tuberculin test using bovine/
avian PPD (B/A $.1.D.C) and human/avien

PPD (H/A 8.1.D.C) in N, fortuitu esperi-
mentally infected steer.

: 3 Increase in skin Interpretats:
8.3 thickness (mm)
n Y Y n- A ,

T W Bovine| lluman | Aviun B/A ik
3 PPD PPD PPD 8.1.0,C | 8,10,
A 0 0 0 0 0 -ve -ve
2 1 1 ) | 0 0 -ve -ve

4 1 3 2 e | 1 -ve 4
6 5 8 K| 2 5 .4 .o ;
8 5 9 3 2 G * RO
i
10 4 8 3 1 5 & -4 ‘
‘ - - -ve -ve ’
14 1 2 2 -1 0 wve e :
16 2 1 3 #1 -2 ke L8
18 2 | 2 0 -1 -ve e
§
20 1 1 2 -1 "1 bk s
22 0 1 2 -2 s | -ve e 1
24 0 0 1 -1 -1 -ve e
26 0 0 1 -1 -1 -ve -ve
28 0 0 0 0- 0 -ve -ve |

A = one weeke before experimental infectlion.

B-A = difference between bovine and avian reaction,
H-A = difference between hwman and avian reaction,
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F &) Bleetrophoretic patiein of total serum protein
and protein fracticas of M, bovis experimental);

iatected steer,

% : i e bl:\;\»;!ns Total . -

- globulins | o0
S | protelns | o | el vetn | g | gn B

3

g

1 10,83 | 4,72 | 1.0¢ | 2,30 | 3,60 | 6.12 0.77

3 * 8.50 | 3.68 | 0,94 | 1,06 | 2.8 1,81 0.76

§ ! a2.00 | a2 | 1,20 | 2,60 | 4,24 7,08 0.69

5 7.50 | 3.19 | 0.8 | 0,99 | 2.63 4.31 0.74

3 12,00 | 4.72 | 1,27 |1.65 | 4.36 | 7.28 0.5

= 14.17 5,38 | 1,48 | 2,00 [ 5,31 | 8.78 0.61

) 10,00 | 3.63 | 1,06 | 1.40 | 3.3¢ | 6.27 0.62

n 2.17 | 3.58 | 0,05 | 1.26 | 3.7 5.55 0.65

n 8.00 | 2,85 | 0,75 |[1.27 |8.00 | 5,03 0.59
Po| 1167 | 3.67 | 145 [ 1,70 |47 8,00 0.46

= ’ 11,50 | 3,40 | 1,40 | 1,88 | 4,99 8,27 0.41

A = one week before experimental infection.
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Concerning the electrophoretic analysie of serun o»
oteins in experimentally infected steers, it is avi
dent that there was a significant (P < 0,03) incres
in the total globulins in M. bovis infected steer:
that reached 8.2 g 7% at 29 weeks post infection I
comparison to its level before infection 6.12 g “.
Consequently the albumin globulin ratio was decre-
ased from 0.77 to 0.41 during the same period. Thes
findings agree with the results of Volk et al.,
(1953), Reda et al., (1957) and Iliev et al., (1961}
Meanwhile the electropherogram of the serum of the
steer experimentally infected with M. tuberculosis
revealed an increase in the total globuline after
infection, reached 6.88 g% at 24 weaks after infect-
ion but it returned to the level before infection at
27 weeks. The explanation of this increase may be due
to the fact that any stimulation of the reticuloen-
dothelial system as occurs in case of infection resu-
l1ts in hyperglobulinaemia, and also due to the great
similaritv between human .ind bovine tubercle bacilli
(Wayne 1982). The return of total globulins to its
level before infection could be explained by the arr-
est of the disease (Volk et al., 1953) or it became
inactive (Karlson 1962) or may be due to the elevat-
ion of the animal resistance.

The infection with M. kansasii and M. fortuitum res-
ulted in minor changes both in serum protein fractions
and A/G ration in comparison to its level before in-
fection, a finding which agrees with similar findings
in other species of animals (Weimer et al., 1954).

The electrophoretic pattern of the control steer se-
rum protein showed no significant altration along
the experiment,
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- Tade (§): Electrophoretic pattern of 1otal serum proteip

F and protein fractions of N, ‘_‘!1’.(‘_';0_"&?.‘.2 experl-
mentally infecled steer,
;
. i g ‘
p §§ Total Alb. Gl:ll;u;ins Total hAJG
‘ :§ RPER [ L globulin ratio
: E: E alpha| bela | gamma gm %
& * 8.50 4.02| 0,87 | 0.88 | 2,72 4.47 0.%0
2 10,17 4.01| 1.08 |1.73 | 1.49 4,30 0.93
6 8,67 4,00 0,79 | 1,26 | 2.63 6.68 0.83
c 9,17 4.16 | 0,72 | 1.17 | 3.11 5.00 0.83
12 11,67 | 5.26 | 1.46 |2.07 |2.87 | 6.40 0.82
16 8.33 3.52 | 0.91 |10 |2.71 4.81 0.73
18 .17 | 3.45 | 1.16 [1.19 |3.37 5,72 0.60
21 . 6.67 2,81 | 0,71 0,96 |2.19 3.86 0.73
24 12,00 5.12 | 1,34 |1.80 |3.74 6.88 0.74
27 8.00 3.5 | 0,47 (0,04 |2.04 4.05 0.97
20 8,30 3.v4 | 0,46 |o0,02 |2.u8 4.36 | 0.90
.

A = one week hefore experimental infection.
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Table (7 ): Electrophoretic pattern of total serum proteis
and proteln fractions of M. kansasii expsrisent.

infected steer.

e Total Alb. Globulins Total
8.2 gm % oA
% proteins gm % globulins i
'§§ alpha| beta | gamma | BM™ % o
=

A 9,17 4,71 | 1.22 | 0.88 | 2.34 4.45 1,06

3 10.83 6.52 | 0.23 | 1.12 | 2.6 4.31 1.5

6 6.33 2.87 | 0.55 | 0.78 |-2,07 3.40 0.4

0 8.67 4.08 | 0.63 |-1.08 | 2.87 4.58 0.#3
12 6.33 3.72 | v.34 | o0.62.|1.65 2.61 1.42
15 10.33 5.54 | 0.93 |1.06 | 2.80 4,79 1.16
18 8.50 4.40 | v.78 | o0.87 |z.45 4.10 1.07 |
21 .17 3.91 [ 1.21 |1.00 |3.06 5.27 0.75
24 10,83 5.62 | 0.o0 |2.18 |3.13 5,21 1.8
27 13.33 7.32 | 0.81 |1.42 |3.79 6.00 33 |
20 | -12.23 6.64 | 0.90 |1.28 |3.40 4.58 141 |

o

A = one week before experimental infection.
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and proteln fractivus of M, forlultus experimentally

infectled steer,

- B
?.-3 Total | AlD. '01::"1;"' cascadbl R 6
%E proteins | gm % globu;ms satdé
:j} hlpha| beta | gamua e
4 | 10,00 | 3.60| 1.37 | 1.38 | 3.65 | 6.40 0.56
3 | 1250 | 4,22]| 1,31 | 1.91 | 5.05 | 8,27 0.51
e | 1,67 | 3,26 1,38 |19 |50 | 8.4 0.39
e | 1250 | 3.54| 1,22 |21 |5.59 | 8,02 0.40
12 | 12,61 | 3,00 1,28 | 1,08 |5.24 | 8,50 0.47
15 | 11,67 | 4.57| 1,06 | 1,08 [4.07 | 7.08 0.64
{ 18 8,17 | 3,39 | v.86 [1.35 | 3.57 | 5.78 0.59
| 21 8.67 | 3,34 | v.e4 [1.29' [3.25 | 533 | o.63
’ 24 9,60 | 3,00 1,24 [1.25 |3.07 | 5,56 0.72
[ 27 8,67 | 3.0 1,00 {1,25 3.3z | s.57 | 0.56
; 29 8,02 | 3,24/ 0,92 [1,30 |3.44 | 5,67 0.57
| .

A = one week before experimental infection.
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SUMMARY

Four steers were inoculated with M. bovis, M. 1ube-
rculosis, M. kansasii and M. fortuitum respectiveis
A fifth steer was left as an uninoculated control
Results of tuberculin test indicated that reactic:
to homologous tuberculin was more specific than
terologous tuberculin. Non specific reaction to oo~

vine and human PPD tuberculins was developed in =t¢
ers injected with strains other than M. bovis.

Electrophoretic analysis revealed significant incre-
ase in total globulins in the serum of the steer cx-
perimentally infected with M. bovis in comparison
with the control steer. Meanwhile a slight rise in
total globulins was noted in M. tuberculosis infected
steer but it returned to normal level at the end of
the experiment. A non - significant change in total
globulins was noticed in the sera of the other ino-
culated steers.

REFERENCES

1. Anon, (1963), Veterinary Biological Preparations

Animal Health Research Institute: Ministry of
Agriculture. Egypt.

2. Anon, (1977): Interpretation of the intradermal
Comparative test using Weybridgs avian and bovine
tuberculins. Central Veterinary laboratory, Weyb-
ridge, Surrey. England, KT 15 3NB; Appendix I.

3. Awad, W.M.; Lotfy, 0. Quindi, S.M. and El-Sabban.
M.S. (1979): Comparative studies on behaviour of
TB and tuberculin tests on Cows and buffaloes fo-
llowing Experimental infection. Agr. res. Rev. 57
(7): 71-83.

4, Cannon, D.C.; Olitzky. I. and Indkpen, J.A.(1974):
In Clinical Chemistry principls and techniques,
2nd Ed. Harper and Row Publ. London.

Scanned with CamScanner


https://v3.camscanner.com/user/download

-

¥

P

An

B 7 1o

.

Shaparas, 5.0, and Maloney. C.J. (1%7¥): An ana-
irais of Cross - reactions among mycobacteria by
2 ¥ivo and in vitro assays of cellular hypersen-
sitivity. Am. Rev. Resp. Dis., 117: §%7-9%02,

Coraer, L.A. and Pearson, C.¥. (1978): Response
4% Cattle to inoculation with atypical mycobacte-
via of bovime origin. Aust. Vet. J., 54: 379-381.

fraacis, J.; Seiler, R.J.; Wilkie, I.W.; 0'boyle,
3.: Lumsden, M.J. and Forst, A.J. (1978): The sep-
gitivity and specificity of various tuberculin te-
sts wsing bovine PPD and other tuberculins. Vet.
Bec., &: 420-425.

Gatser, E.M., S.; Misibi, V. and Dauth, J. (1982):

Circelating immunoglobulin levels in patients with
sslmenary tuberculosis with special references to

IzE. Tebercle, 68: 113-117.

_ Iliev, T.; Keichkev, K. 2nd Cirginov, G. (1961):

Teberculosis in cattle: relatiomships between
gerum protein pattern, tuberculin reaction and
legioms. Nauch. Trud. Vish. Vet. Med. Imst.,
Ssfiz, 9: (71-278. Cite by Vet. Bull., (1962),
abet. 2522.

. Barlsen, 2.C. (1962): Reactions to tuberculin

iz cattle. Advances in Vet. Seiemce, J: 148-181.

Ketzh, B.A., Oleksyuk, II. and Zlonkevich. Y.A.D.
{1278, : Tuberculin tests on cattle infected with
stypical mycobacteriz. Veterimariya, kiev, Ukra-
niamizn USSE, 43: 10-13. Cited by Vet. Bull.,
{1878), Abst. 74,

iZ. Lessliz, 1.W, 2nd Hebert, C.N. (1975): Comparison

of the specificity of human and bovine tuberculin
PPD for testing cattle. III. Natfenal trial in
sreat Britzim. vet. vee., 96: 338-341,

Scanned with CamScanner


https://v3.camscanner.com/user/download

13,

14.

15.

16.

17.

18.

19.

20\

bt

F.A. Dimitri et al.,

Lesslie, I.W., Helbert, C.N., Burn, K.J., Mac
Clancy, B.N. and Donnely, W.J.C., (1975): Comps.
rison of the specificity of human and bovine ¢,.
berculin PPD for testing Cattle. Vet. Rec., 9¢.
332-1334.

Lutscvich, L.M. (1976): I. Skin sensitivity to
homologous or heterologous tuberculin in Calves
experimentally infected with M. bovis. Trugy. Be-
lorusskii Nauchno-issledovatel Skii. Inst Ekspe-
rimental'noi Vet, 141: 63-66. Cited by Vet. Buli_
(1977), Abst. 1970

Moodie, P.A. (1977): Tuberculin reaction in BCC
vaccinated Cattle. Br. Vet. J. 133, 642-645.

Moses, J.S.; Nachimuthir, K.; Koteeswaram, A.;
Srinivasan, U.A. and Balaprakasan, R.A. (1975):
An electrophoretic analysis of sera of tuberculin
reacting bovine. J. vet. Sc. and Animal Husband.

4: 57-67.

Petricevic, S.; Tunki, B.; Kovacic, H. and Munk

M. (1977): Preparation of M. phlei

and M. fortuiium sensitins and their use for di-
fferential diagnosis. Veterinarski Glasnik, 31:

247-250. Cited by Dimitri. R.A. (1980): Studies

on non specific reactions to tuberculin in Buff-
aloes. M.V.Se. Fa.. of Vet. Med., Cairo Univers-

ity.

Reda, H.; Moustafa. E.M. and Salam, H. (1957):
The use of electrophoretic pattern of blood serum
proteins in the diagnosis of tuberculosis in bu-
ffaloes. Br. Vet. J., 113: 504-506.

Schliesser, T. (1965): Occurence of atypical myc-
obacteria in Cattle. Wien Tierarztl, Mschr., 52
555-564. Cited by Vet. Bull., (1965), Abst, 4509.

Schliesser, T. (1969): Atypical mycobacteria and
non-specific tuberculin reactions. Schueizer,
Arc. Tierheilk., 111: 328-339. Cited by vVet. .ull.
{(1970), Abst . 121.

Scanned with CamScanner


https://v3.camscanner.com/user/download

45

L annantt td VLR (
$ '.;.:‘}‘S:”;St-clf-'lf;l Cmd.....n......

21, Smith, I. (1969): Chromatographic and electroph-
oretic techniques. 3rd. Ed. William Heineman,

Medical Book: LTD.

Thoen, C.0. (1988): Zoonosis Update: Tuberculosis,
JAVMA, 193 (9): 1045-1048.

Thoen, C.0. (1990): Unpublished data.

thoen, C.0., Angus. R.D. and Swanson, M. (1977):
wettod for evaluation of M. bovis PPD tuberculin
in experimentally infected Cattle. Amer. J. Vet.
Res., 38: 1019-1022.

25. Thoen, C.0.; Hall, M.R.; Petersburg T.A. and
Harrington R. (1983 a) Detection of mycobacterial
antibodies Sera of Cattle experimentally expo-
sed to M. bovis by use of a modified ELISA 26th
annual PROC. Amer. Ass. Vet. Lab Dig. USA.

26. Volk, B.W., Saifer, A.; Jonson, L.E. and Oresks,
1. (1953): Electrophoretic and chemical Serum
protein fractions in pulmonary tuberculosis. Amer.
Rev. Tuber., 67: 299-321.

27. Wayne, L.G. (1982): Microbiology of tubercle bac-
illi, Amer. Rev. Resp. Dis., 126: 31-41.

28 Wedman, E.E.; Richards, W.D. and Pomeroy, B.S.
(1964): Factors affecting the gel double-diffu-
sion test in its use with bovine serum to diagn-
ose tuberculosis in Cattle. Amer. rev. Resp. Dis.
90: 935-943.

29, Weimer, H.E. Moshin. J.R.; Bonk, R.A.; Bogen, E.
and Carponter, C.M. (1954): Serum protein Studies
inexperimental tuberculosis of the guinea pigs.
Amer. Rev, Tuber., 70: 344-353.

Scanned with CamScanner


https://v3.camscanner.com/user/download

