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SUMMARY

Hairs and skin scales from 80 cattle with skin le-
sions, resembling ringworm were examined my-
cologically and 7. verrucosum was the main com-

mon fungus isolated from 3 cases (3.75%).

Four types of vaccines were locally prepared,
namely living attenuated, formalin-inactivated,
phenol-inactivated and irradiated vaccines. The
later vaccine was produced using a dose of 2ZKGy
cobalt gamma irradiation., which was sufficient
for complete inactivation of 7. verrucosum and
used for the preparation of the vaccine. Evalua-
tion of the produced vaccines for purity and steril-
ity was done. Aqueous whole dermatophyte ex-
tract antigen was prepared by mechanical
disruption of dried mycelial powder of T. verru-
cosum. The ELISA optical density mean values of
anti-7. Verrucosun 1gG in sera of calves vacci-

nated with the four types of vaccines were deter-
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mined. Marked positive delayed skin reactions
were clearly observed in all vaccinated calves
with different types of the prepared vaccines 48h
after injection. Living attenuated and phenol inac-
tivated vaccines proved to be the best inducers of
allergic response in both calves and guinea pigs
and the other two vaccines also sensitized guinea

pigs with smaller degree.

On the basis of the average values of the macro-
phage migration inhibition test in guinea pigs, it
indicated that the highest cellular immune re-
sponse of guinea pigs after the first and second in-
jection was due to the variant of the prepared vac-
cine and the reactions were more iniensive
following the first dose of the vaccines than after
the second injection. Challenge tests in both im-

munized calves and guinea pigs were discussed in

details.




INTRODUCTION

Bovine dermatophytosis causes economic losses
due to hide damage and restrictions in showing
and marketing infected cattle. Dermatophytosis
caused by 7. verrucosum is also a common zoo-
nosis among farm workers. Control and eradica-
tion of this disease is therefore highly desirable
{Gudding and Lund, 1995). Although ringworm is
a superficial skin infection of cattle, it may have a
signtficant impact on management in affected
herds (Holubek, 2000). Once the disease is intro-
duced into a herd, it spreads easily from one ani-
mal to another. The inflammation of the skin is
associated with unthriftiness and general discom-
fort in affected cattle; also secondary bacterial in-

fection may occur (Kielstein et al., 1998).

Treatment of clinical ringworm in cattle is expen-
sive and time consuming. There is definitely a
need for effective prophylaxis against the disease
as hygienic and preventive measures often fail.
{Gudding and Lund, 1995).

Modern control of bovine trichophytosis consists
in administering dif*:rent immunopreparations.
Up till now some vaccines have been developed
and/or applied in veterinary practice against ring-
worm (Wawrzkiewicz and Wawrzkiewicz, 1992).
Immunization using live or killed fungi, their ex-
tracts, or their metabolic products has been now

attempte-: : Fybnikar, et al., 1998).
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Thus this work was planned to prepare different
inactivated and living vaccines against T. verruco-
sum as well as the cvaluation of the protective ef-
ficacy of the vaccines by detection of both humo-
ral and cellular immune responses produced by

different prepared vaccines.

MATERIAL AND METHODS

Collection of samples:

Hair and skin scrapings were collected from 80
cows showing suspected ringworm lesions on dif-
ferent parts of the body especially from head and
neck. Specimens were collected in sterile Petri
dishes during the period from Jan 2000 up to Feb-
ruary 2001 and subjected to further mycological

examination.

Laboratory examination of the collected samples:

A. Direct microscopical examination: according

to (Sinski, 1974).

B. Isolation of dermatophytes:
Each sample was inoculated onto Sabouraud’s

dextrose agar (SDA), cycloheximide and an anti-
bacterial antibiotic enriched with thiamin and in-
ositol. One of the inoculated plates was incubated
at 25°C and the other at 37°C, and kept under ob-
servation daily for up to 4 weeks. The suspected
colonies were examined by Needle mount method

and slide culture technique according to Collee et
al. (1996).
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Sclection of dermatophyte strains used for local
vaccine production:

Local isolates of T. verrucosum were selected ac-
cording to the criteria, recorded by Brandebuse-
meyer (1990). living attenuated vaccine was pre-
pared according to DeBoer and Moriello, (1993),
formalin-inactivated vaccine and phenol inactivat-
ed vaccines were prepared according to Wawzkie-
wicz and Wawzkiewicz, (1992). Also Gamma ir-
radiation inactivated vaccine was prepared by
using gamma irradiation at dose rate of 0.406 Gy/
sec. (Rybnikar, 1994).

All prepared vaccines were tested for sterility and
safety and given in 0.5ml twice 28 days apart for

guinea pigs and 5ml I/M for calves.

Preparation of 7. verrucosum antigen for evalua-

tion of the immune responses:
Aqueous whole dermatophyte extract antigen was

prepared according to DeBoer and Moriello
(1993).

Experimental design:

A total of 15 calves were grouped into five cate-
gories. The first group comprised 3 calves vacci-
nated I/M with 5ml of the attenuated vaccine
twice at 4 weeks interval, the second group vacci-
nated with formalin-inactivated vaccine, the third
group vaccinated with Gamma-irradiated vaccine

and the fourth group injected with phenol-
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inactivated vaccine in the same manner recorded
in the first group. The fifth group was kept as un-
vaccinated control group. ,
In addition a total of 75 adult albino guinea pigs
were divided into 5 groups cach of 15. The first
vaccinated with attenuated vaccine, the second
with formalin-inactivated vaccine, the third with
gamma-irradiated vaccine, the fourth with phenol-
inactivated vaccine. Each guinea pig received /M
a dose of 0.5ml of the used vaccine twice 4 weeks
interval. The fifth group was kept as a control un-

vaccinated group.

Two weeks after the booster dose of the vaccine,
the immunizing potential and the protective effi-
cacy of the tested vaccines were determined. Hu-
moral immune response was assessed by measur-
ing anti-dermatophyte specific IgG antibodies
using ELISA as described by Voller and Bidwell,
(1986). Measurement of cell-mediated immune
response was done by trichophytin skin test in
both guinea pigs and calves according to Wawrz-
kiewicz and Wawrzkiewicz, (1992) as well as mi-
gration inhibition test (MIT) in guinea pigs

(Wawrzkiewicz and Wawrzkiewicz, 1992).

Challenge Test:

15-21 days-old virulent culture of T. verrucosum
was adjusted to contain 5x107 viable fungal ele-

ments/ml. An experimental infection of guinea
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pigs was done 8 weeks after Ist vaccination for 2
consecutive days. 2ml of the prepared T. verruco-
sum strain suspension were applied to the scari-
fied skin for 2 days. The inoculated animals were
examined clinically one, 2, 3, 4, 5, 6 and 7, weeks
post-infection and skin samples were taken for

mycological examination.

Calves were experimentally infected 16 weeks af-
ter receiving the first dose of the vaccines. By
rubbing with standardized suspension of the viru-
lent strain of T. verrucosum for 3 successive days.
The skin of calves was examined in the same

manner as in guinea pigs.
RESULTS AND DISCUSSION

Ringworm is a common debilitating disease of
calves, which is economically important to the
breeders because it entails loss of production and
cost of treatment. Animal trichophytosis is also an
important problem for public health due to its
easy transmission to man (Tirziu and Decun,
1999). In the present work, Trichophyton verruco-
sum isolates were the sole fungal isolates from
examined specimens. "Aycological examination of
80 cattle showing clinical skin affections revealed
that 3 cases harboured 7. verrucosum with and in-
cidence of 3.75%. This result coincides with that
observed by Munoz Cobenas et al. (1992) who re-

covered T. verrucosum only from outbreaks of

86

dermatomycosis in cattle. The importance of pro-
tecting animals against dermatomycosis by immu-
nization attracted the attentions of many authors.
It was found that the radiocobalt dose of 1kGy did
not produce complete inactivation of T. verruco-
sum. On the other side, a dose of 2kGy or more
up to 5kGy proved to cause complete inactivation
of T. verrucosum. In the present work, radiocobalt
dose of 2kGy was successful in the production of

the irradiated vaccine used in this work,

Four different types of vaccines were locally pre-

pared namely: living attenuated, formalin-
inactivated, radiatcd and phenol-inactivated vac-
ctnes. Evaluation of the produced vaccines for
purity and sterility was done. In this study trials to
evaluate the immune response of calves to the
above mentioned vaccines were conducted by us-

ing ELISA.

Bratberg et al. (1999) developed an ELISA to
measure antibody response in animals vaccinated
against trichophytosis and found that ELISA to be
superior to other tests in measuring serum anti-

body titers.

The results presented in Table (1) shows that the
ELISA optical density mean values of anti-7. ver-
rucosum 1gG in sera of calves immunized with
living attenuated vaccine reached its maximal lev-

el (0.376) at the fourth week post boostering, then
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began to decrease gradually to reach 0.356; 0.336;
0.276 and 0.254 at 6th, 8th | 10t and 12th week
post secondary vaccination. These optical density
values were considered as functional background
for the efficacy of this response. On the other
hand, the values of anti-T. verrucosum 1gG in the
sera of calves immunized with formalin inactivat-
ed vaccine which reached its maximum after the
4th week post-primary vaccination (0.245) and af-
ter the 12th week post boostering (0.259) but the

antibodies persisted for a long period of time. The
sera of calves vaccinated with radiated vaccine
showed an increase in its optical density that
reached 0.395 at the fourth week post primary
vaccination and at the second week post booster-
ing, then fluctuating to reach again to its maximal
level of 0.425 at the [0th week post boostering
and persisted till the end of the experimentation.
On the other hand, table (1) proved the protective

efficacy of the phenol-inactivated vaccine in the

Table (1): ELISA mean statistical values of anti-T.verrucosum IgG in sera of calves immunized

with different prepared vaccines.

Optical density values
Gl:ol‘ip ?f 2w.post| 4w.post | 2w.post | 4w, post | 6w.post | 8w, post 10w, 12w,
calves Zero time B K znd 2nd 2od 2nd pOSl 2nd post 2nd
dose dose dose dose dose dose dose dose
Group I 0.167 0.232 *().349 *x(), 3714 *0.376 *(.356 *0.336 0.276 0.254
Living
attenuated 0.003 0.003 0.044 0.033 0.014 0.019 0.003 .014 0.009
Group 11 Q.1003 0.208 0.245 0.214 0.222 0.229 0.239 (.234 0.259
Formalin-
inactivated  0.027 0.004 0.006 0014 0.023 0.019 0.008 0.028 0.033
Group III|  0.123 0.310 0.395 *%() 395 *0.385 *(.390 #().38 *0.442 0.338
Radiated
0.037 0.033 0.016 0.023 0.013 0.031 0.003 0.033 0.000
GroupIV| 0.130 0.278 0.351 0.387 **(} 437 *%0.457 | **0.467 *().432 0.298
Phenol-
inactivated  0.052 0.047 0.034 0.013 (0.023 0.022 0.045 0.013 0.022

* Significant at p >0.05
** Significant at p > 0.01
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Table (2): Trichophytin skin test in calves vaccinated with different types of the prepared

vaccines.
Difference in the Difference in
skin thickness in the skin
Type of Serial Skin thickenss  {Skin thickness 48 h.l  response to thickness due to
vaccine No. before post-injection Trichophytin salinc injection
used of calves injection (mm) (mm) (mm) {mm)
Value |Average| Value { Average
Attenuated 1 8 35 27 1.5
vaccine 2 7 L7 10 23.33 1 1.33
3 7 40 32 1.5
Formalin- 4 6 22 16 i
inactivated 5 13 25 i2 12.66 1 1.16
vaccine 6 12 22 10 1.5
Radiated 7 10 26 16 1.5
vaccine 8 8 20 12 12.66 i 1.16
9 10 20 10 1
Phenol 10 9 26 i7 1.5
inactivated 11 Il 21 10 14.66 1 1.5
vcaccine 12 8 25 17 2
Controt 13 11 12 1 I
14 12 t4 2 1.66 1.5 1.33
15 9 2 1.5

immunization of calves against trichophytosis.
Table (1) iillustrates comparison between the dif-
ferent vaccines used. After the 4th week post pri-
mary vaccination, the irradiated followed by phe-
nol-inactivated, then living attenuated and finally
formalin-inactivated vaccine showed highly pro-
tective efficacy in a descending manner with an
optical density reached 0.395 * 0.016; 0.351 %
0.034; 0.349 * 0.044 and 0.245 £ 0.006 respec-
tively. These findings nearly coincide with of
Rybnikar et al., (1998) and Tirzui and Decun
(1999).

The problems of single vaccination of calves

against trichophytosis have been discussed by
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some investigators (Gudding and Lund, 1995;
Kielstein et al., and Rybnikar et al., 1998) but the
protective effect of second prophylactic doses was
quite evident compared with single dose only and
the protective efficacy of single vaccination was

not higher as compared with double inoculation.

Many authors reported the uses of delayed type
hypersensitivity skin responses to intradermal in-
jection of trichophytin antigen in calves infected
or vaccinated with different 7. verrucosum vac-
cines, with development of a specific immune re-
sponse to dermatophytesis - which have demon-
strated the development of cell-mediated immune

responses (Munoz Cobenas et al., 1992 and Tirziu
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and Decun, 1999). In the present work, marked
positive delayed skin reactions were clearly ob-
served in all vaccinated calves with various types
of vaccines at 48 hours post injection as shown in
table (2). Attenuated living vaccine produced dif-
ferences in the skin thickness varied from 10-
33mm which was higher than both formalin-
inactivated or irradiated vaccine which developed
variation in the thickness between 10-16mm and

slightly raised among calves vaccinated with phe-

nol-inactivated vaccine with differences in the
skin thickness in between 10-17mm. On the con-
trary, the control non-immunized calves showed
insignificant differences in between 1-2mm with
negative results. These findings coincide with the
results obtained by Wawrzkiewicz and Wawrzkie-

wicz (1992).

As shown in table (3), the trichophytin skin test

was also applied in groups of guinea pigs vacci-

Table (3): Trichophytin skin test in guinea pigs vaccinated with differ-
ent types of the prepared vaccines.

. Differcnce in the | Difference in the
Skin Skin thick- [ skin thicknessin | skin
Type of thickness | pess 48 hours response 10 thickness due to
vaccine _ befo_rc post-injection Trichophytin saline injection
used infection (mm) {mm) (mm)
(mm)
Value |Average| Valuc |Average
Attenuated 3 8 5 0.5
vaccine 2.5 5.5 3 0.3
2 4.5 2.5 34 0.3 0.4
4 8 4 0.4
2.5 5 2.5 0.5
Formalin- 3 5.5 2.5 0.4
inactivated 2 35 1.5 2 0.3
vaccine 2.5 5 2.5 0.5 0.4
2.5 4 1.5 03
2.5 4.5 2 0.5
Radiated 4 6.5 2.5 0.5
vaccine 2 4.5 2.5 2.4 0.3
2 45 2.5 0.3 0.36
3 5 2 0.3
3 55 2.5 0.4
Phenol 4 7 3 0.5
inactivated 2 6 4 2.9 0.5
vaccine 2 4 2 0.4 0.5
2.5 5 2.5 0.6
3 6 3 0.5
Control 2 2.5 0.5 0.5
group 4 5 1 0.7 0.4
3 35 0.5 0.3 0.38
2.5 3.5 1 03
2 2.5 0.5 04
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Table (4): The effect of different kinds of vaccines on the degree of spleen cells migra-

tion inibition in guinea pigs:

Type of vaccine
E — , —
Living attenuated ing::?;\?:xltgd Radiated group [ Phenol-inactivated
Day Percentage of macrophage migration inhibition

After the 4th 21.140.2 4.1+0.31 8.4+0.30 20.5+0.36

first vacci- 7h 29.240.4 10.140.34 . 18.64).53 28.3H0.41

nation 14t 61.040.39 42,3+0.30 w033 63,0041

st 59.1H).3 25.640.59 50.040.43 59.610.28

gth 16.030.59 5.940.36 4.7H.34 11.3£0.59

4th 21.040.34 10.2+0.53 11.4+0.40 31.4%0.58

After the FALL 7625035 B 5H0.64 7. 2FI53 3T 3HI35

second 14M ~18.240.35 §.8F0.57 241033 3577F0.35

vaccination 21> 2.6H).3 493033 £2 9H)OY 21.220.35

28" 6.120.33 4.6+0.35 i.0+0.34 5.310.43
Control 7.940.34
non- ) 0.1£0.28
vaccinated 3.410.58
group 5.240.46
5.120.43

nated with the locally prepared vaccines. Living
attenuated vaccine produced differences in the
skin thickness varied from 2.5 to Smm, then phe-
nol-inactivated vaccine with differences in the
skin thickness between 2-dmm. On the other
hand, formalin-inactivated as well as the irradiat-
ed vaccines produced significant differences in
the skin thickness in immunized guinea pigs but
lower than both attenuated and phenol-inactivated
vaccines. Vaccination of guinea pigs with T. ver-
rucosum, vaccines elicits production of cellular
immunity that can be measured by trichophytin
skin test. These seem to agree with the observa-
tions recorded by Wawrzkiewicz and Wawrzkie-

wicz (1992); and Pier et al. (1995).
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The general appraisal of the used vaccines on the
basis of the averages obtained from the values of
spleen macrophage migration inhibition test in
guinea pigs is illustrated in table (4), it indicated
that the highest cellular immune response in guin-
ea pigs after the first and second injection were
due to the variant of the prepared vaccines and it
is apparent that the cellular immunological reac-
tions were more intensive following the first dose

of the vaccines than after their second injection.

Table (5) indicates that all calves vaccinated with
living attenuated or phenol-inactivated vaccines
required a resistance to virulent 7. verrucosum as

shown by challenge test and only slight superficial

Vet.Med.J. Giza.Vol.51,No. 1{2003)



Table (5): Results of challenge test in calves,

TYPC, of Serial Clinical changes after chalicnge test per week
vacc1&1c NO.
use of calves I 5 3 4 5 6 .
Attenuated 1 . I+ . . . . .
vaccine
) 4 - R
Formalin- 1+ 2+ 2+ 1+ I+
inactivated 5 - 1+ 2+ 24 - . .
vaccine 6 ; 1+ I+ 24 ) i i
Radiated 7 1+ I+ | 2+ 1+ - - -
vaccl
me 8 - - i+ | 2+ 1+ - .
9 - - 1+ 1+ 1+ - -
Phenol
inactivated { 10 - - 1+ - - - -
vaccine 11 . - i+ 1+ . - .
12 - - - - - - .
Control 13 1+ 2+ 3+ 44 4+ 3+ 3
non-
vaccinated 14 - 1+ I+ 44 44 34+ 24
group 15 - 1+ 3+ 3+ 3+ 2+ 2+

- = No clinical changes

1+ = Single lesion

2+ = Changes up to 10 focuses
3+ = over 10 focuses

4+ = deep merging lesions

scaly skin changes that disappeared spontaneous-
ly within several days were noticed. Moreover,
certain cutaneous changes did appear in the
calves vaccinated with the formalin-inactivated or
irradiated vaccines after being challenged, but all
signs were temporary and disappeared later.
These findings are nearly in agreement with that
obtained by Wawrzkiewicz and Wawrzkiewicz

(1992) who concluded that vaccinated calves ex-
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posed to challenge were to a large extent resistant
to experimental infection with virulent strain of T.
verrucosum. Moreover, Rybnikar et al. (1998) re-
corded that only 4.4% and 9.5% of calves chal-
lenged between days 14 and 25 after revaccination
showed only slight mild clinical signs of ring-
worm and 99-100% were fully protected from day
28 and the immunity persisted for at least one

year.
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Table (6): Results of challenge test in guinea pigs.

Type of No. of Clinical changes after challenge test per week
VEI.CC!CTIIG guinea
us :
* Plgs | g [ 2] 3 ] 4 |5 6 7
1+ I+ - - - - -
Attenuated 5
vaccine 2+ 0+ - - - .
1+ - - - - - .
2+ - - - - R .
1+ - - - - - _
. 3+ 1+ 2+ I+ 1+ - .
Formalin-
inactivated 5 2+ 1+ 24 - - - -
vaccine I 24 1+ ) ) ) )
1+ i+ - 1+ - - _
2 1+ - - - - R
. 2+ 2+ - - - - -
Radiated
vaccine 3 2+ | 2+ F 1+ . - ) .
3+ 1+ - - - - -
1+ 1+ i+ - - _ ;
i+ 1+ 1+ - - - .
I 1+ “ - - - -
Phenol *
inactivated 5 2+ 1+ - - B, . .
vaccine 24 I+ 1+ 14 ) ) )
I+ I+ I+ - - - -
1+ 1+ - - - - -
Control [+ 3+ 4+ 4+ 4+ 2+ 2+
I+ L+ 2+ 3+ 3+ 2+ 2+
5 1+ L+ 3+ 3+ 3+ 3+ 2+
I+ 1+ 2+ 2+ 2+ 2+ 2+
I+ 3+ 44 4+ 4+ 4+ 3+

- = No clinical changes

1+ = Single lesion
2+ = Changes up to 10 focuses
3+ = over 10 focuses

4+ = deep merging lesions
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As shown in table (6), it was observed that the

majority of immunized guinea pigs with living at-

tenuated or formalin-inactivated vaccine produced
effici.ent protection against challenge and the le-
sions observed after challenge either in the form
of slight crusty or cutaneous challenges not more
than 10 focuses. Although the experimental infcc-
tion with 7. verrucosum resulted in the appear-
ance of slight clinical lesions in immunized guin-
ea pigs ~with formalin-inactivated or irradiated
vaccines but the lesions were mild in comparison
to the changes occurred in the control unvaccinat-
ed guinea pigs which showed trichophytic lesions
from the beginning of the experiment till the end
period (7th week). These findings nearly coincide
with the observations recorded by Gudding and
Lund (1995) and Rybnikar et al., (1998).
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