Assiut Vet. Med. J. Vol. 41No. 81, April 1999

Dept. of Animal Hygiene
Fac. Vet. Med., Assiut University

FUNGICIDAL EFFECT OF THE COMMON
DISINFECTANTS ON THE MOST WIDELY SPREAD
DERMATOPHYTES WITH REFERENCES TO THEIR

DIFFERENTIAL RESISTANCE “IN-VITRO” STUDY
(With 6 Tables)

By
S.A SOTOHY and A. A. MOHAMED *
*Dept. of Zoonoses, Fac. of Vet. Medicine, Zagazig University.
(Received at 11/3/1999)

A le Al 3 3 SLEEN) dnad g Agalal) Glyhil) ol pehaall ey L
dadidiall O ppdaall Lgia glia o

MCM.&GJJ&;@J&«:MI@J&.&

Q_‘&‘,ﬁ‘l_)l__ﬁs.j‘,:,-\._;.ﬂ:_JlQL,.)Lﬂluh..._.‘;hL_Jl;hlidiﬁ!_x.h.hdus,;\cu_,iﬂ
Ql.__a)bﬂlgytl_,iii&;M@ﬁgjgﬁqididigg&@mmu«;lwl
Aol L paWh Gl ja (e 4y guaall LS 5l il 4andin ) S jglaall casalali
Ol yo il 38 4y guime puall LSyl Ll o+ alla il SIS 5yl glall Y gl
05,80 Al e S e e g8 o bl 88 agalall Gl yhill L s siball yaaldl ol
gl S e 1580 (o i cuilS 4y pumall il jeladl ) 4yl el va sy Sudl
o|c4_}:;__i!-witi,;,Yioﬁa\xuigu‘,l;g)ﬁguxi}dmoi;.;,
dia g AN Laa g+ ga g Gl e 4ndiiud) Gl pgaall 4 glia 01 (1S ¢ 5ld S 5l

cADL ] S phadll (e adlis gVl LS 8 ClNEAY jaay

SUMMARY

In order to control ringworm infection among animals and man, six
chemical compounds covering a wide range of the common disinfectants
available in the veterinary fields were evaluated against four strains of
dermatophytes including 7. mentagrophytes, T. rubrum, M. gypsum, and M.
canis. It was clearly demonstrated that the organic disinfectants are more
effective fungicidal than the inorganic ones. There are some qualitative
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differences in the resistance of Trichophyton and Microsporum species to
the used disinfectants. However, Trichophyton species show higher
resistance to most used disinfectants than Microsporum species. Moreover,
within the same fungal species there are some differences in their
susceptibility to the same disinfectant. 7. rubrum showed a higher resistance
than that of 7. mentagrophytes. Furthermore, M. canis showed a higher
resistance than M. gypsum. The hygienic significance of the fungal species
and the fungicidal properties of the disinfectant under test were briefly
discussed.
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INTRODUCTION

The recent expansion in use of intensive systems of husbandry for
rearing of growing stock and management of the adult, increase the problem
of controlling spread of the diseases. A comprehensive sanitation program is
a key for achieving effective disease control.

Over a period of many years, disinfection was the subject of
extensive studies to prevent or at least decrease transmission of the disease-
producing agents. There is an abundance of literature reporting the studying
of the common used disinfectants against certain types of bacteria or fungi
(Woodward et al,, 1933; Lawrence, 1950; Klarmann and Wright, 1954;
Spaudling, 1961; Moustafa et al., 1976, and Ismail, 1967).

Disinfection against dermatophytes, has long been tried and
considered. The literature includes a lot of disinfecting agents that had been
tried and proved to have significant germicidal action against
dermatophytes. Many of the previous trials were conducted upon a single
type of the microorganisms or the disinfectant (Woodward et al., 1933;
Weirich and Pokorny, 1942; Emmons, 1945; Klarmann and Wright, 1954,
Fishman et al., 1966). Differential resistance of the pathogenic fungi against
certain types of disinfectant had been worked up instantaneously.

Trichophyton, Microsporum species and other keratinophilic fungi
are widely distributed in nature. The soil is considered the most common
important reservoir (Ajello et al., 1965; Abd-Elkarim, 1968, and Abou-
Gabal and Abd-Elraheim, 1973). They able to invade and maintain
themselves in the Kkeratinized tissues (hair, nails, feathers and horns),
inducing dermatophytosis due to their ability to secrete keratinase enzyme
that degrade keratin (Tortora et al., 1992). However, the stratum corneum,
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the outermost layer of the skin is the suitable and favorable medium for the
growth of these fungi. Dermatophytosis is collectively known as tinea or
ringworm, is one of the most common infectious and zoonotic diseases in
man and animals. Microsporum species was incriminated in mycotic
infections in rabbits (Dvorak and Otcenasek, 1954); dogs (Fishman et al.,
1966); horses (Peptin and Austwick, 1968), and cattle (Gupta et al., 1970).
On the other hand, Trichophyton species was recorded to be the causative
agent in many cases of fungal infections in man and animals. Trichophyton
was isolated from dogs (George et al., 1957); sheep (Sharapov, 1962);
horses (Cottellar and Christiane, 1967); goats (Peptin and Austwick, 1968);
cattle (Mantovani and Morganit, 1971), and rabbits (Evolceanu and Alteras,
1971). Moreover, Trichophyton mentagrophytes was isolated from mycotic
affections from man and cattle in Egypt (Abd-Elnoor, 1973).

The importance of animals as reservoirs for many dermatophytes
was not fully appreciated. In the late 1950’s Lucille George surprisingly
determined their significant role in transmitting many members of zoophilic
fungi to human beings (El-Mazny et al., 1972; Reddy et al, 1977; El-
Samalouty, 1979; McAleer, 1980; Sinski and Kelly, 1987; Hayashi, 1993,
and Khosravi et al., 1994). In human beings, dermatophytes produce a wide
variety of clinical syndromes including tinea capitis (ringworm of the head);
tinea favosa (favus); tinea corporis (body); tinea cruris (groin or jock itch),
tinea pedis (athlete’s foot), and tinea unguium in the nails (Tortora et al ,
1992).

In view of the above consideration, the present work was carried out.
A variety of disinfectants commonly used in the veterinary practice were
tested ‘“in-vifro” against the most widely spread dermatophytes
incriminated in dermatophytosis in man and animals including 7richophyton
and Microsporum species. The aim of this work is to find out to what extent
each disinfectant can be depend upon in destruction of fungi contaminating
animal and poultry enclosures.

MATERIALS and METHODS
Fungal strains:
1- Trichophyton mentagrophyte (P 179/96).
2- Trichophyton rubrum (P 345/95).
3- Microsporum canis (P 584/95).
4- Microsporum gypsum (P 563/94).
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These fungal strains were provided by Prof. Dr. Wolfgang Mueller,
Institute of Animal and Environmental Hygiene, Free University, Berlin,
Germany.

Fungal suspension:

The fungal spores of the respective fungus were harvested from
Sabroud dextrose agar culture and transferred to 20 ml sterile saline (in 100
ml capacity flask). Sterile glass beads were added and the bottle was placed
on a shaker for uniform distribution of the spores in the saline.

Tested disinfectants:

A variety of disinfectants were used in our study including:-
1-Tek-Trol: It is a 26% phenolic compound.
2-Todine Active Sterilizer: It contains 2,3% (W/V) active iodine.
3-TH4+: A powerful hydrophilic biocide (Glutaraldehyde) activated by a
specific blend of four different lipophilic biocides (DDMA, ADMBAC,
ODDMAC, DODMAC). Plant extracts (Pine oil, terpineol) improve the
remanence and convey a pleasant fragrance).

Composition

Each 1 iter contains:

Didecyl dimethyl Ammonium Chloride 1875 ¢
Dioctyldimethyl Ammonium Chloride 1875 g
Octyldecyldimethyl Ammonium Chloride 37.50¢g
Alkyldimethyl Benzyl Ammonium Chloride 50¢g
Glutaraldehyde 6250 g
Pine oil 20g
Terpineol 20g

4-Quaternary Active Sterilizer. Double component system of quaternary
ammonium compounds.
5-Formaline: Different concentrations were prepared, 0.5; 1; 2, and 4%
6-Slaked lime (Calcium hydroxide):
a- Milk of lime was prepared by adding one part of freshly slaked lime
to four parts of water (20%).
b- Lime wash was prepared by mixing thoroughly one part of milk of
lime with nine parts of water (2%).

Sterile distilled water was used for preparation of the different
dilution of the disinfectants. However, the fungicidal effect of each
disinfectant against each of the previously mentioned fungal strains was
studied “in vitro " as following:-

e 1 ml of the fungal suspension was added to each dilution of a
disinfectant.
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* At time interval up to 2 hours, 0.1ml from each dilution was streaked on

Sabroud agar plate.

The plates were incubated at 27 °C for 48 hours, after which plates

showed evidence of growth were recorded, while the plates in which no

growth were re-incubated again for up to 15 days before their

condemnation.

* As control, the original fungal suspension was counted by the pour plate
technique ( Cruickshank et al., 1980).

® The time at which the organism died was recorded from the plates
showed no evidence of growth.

RESULTS and DISCUSSION
Table 1: Effect of different disinfectants on 7. rubrum.
Disinfectant Dilution Con. Time of examination

15 30 | 60 90 120

QAS . - 5 = .
TH4+ 1:50 2% - - - - =
IAS

Tek-Trol l :100 - - - - : s

1% 1% + - + + +
0.5% 0.5% + + + + -
Slaked lime 20% 20% i + + + +
2% 2% + + |+ | + +
Control 6.3x10° 6.2x10

* Recommended concentration by the producer. QAS, Quatemnary active sterilizer ; [AS, Iodine active
sterilizer; con., concentration.
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Table 2: effect of different disinfectants on 7. Mentagrophyte.
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Disinfectant | Dilution | Con. Time of examination
% 15 30 60 90 120
QAS 1:200 0.5% - - - -
400 | 0.25% - -
:1000 0.1% -
TH4+ 1:50 2% - - - - -
: 1% - - - - -
1:400 0.25% + + + + +
IAS :
0.5% + + + + +
0.3% + + + + +
Tek-Trol 1% - - - - -
0.4% - - -
00 1 02% @ g il
0.1% + +
Formalin - - -
1% 1% - + + + +
0.5% | 0.5% # + [ + '+ +
Slaked lime 20% 20% + % + + i
2% 2% + - + + +
Control 2.4X10° 1.8X10°

* Recommended concentration by the producer ; QAS, Quaternary active sterilizer; IAS,
Iodine active sterilizer; Conc, Concentration.
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Table 3: Effect of different disinfectants on M. canis.

Disin- Concent- | Time of examination

fectant Dilution | ration % 15 30 [60 [90 | 120

QAS 1:200 0.5% - - - - -
1:400 0.25% - - - - -

TH4+

IAS

Tek-Trol

Formalin 4% 4.1% =

Slaked

lime

Control 4.1x10° 3.8x10°

*Recommended concentration by the producer ; QAS, Quaternary Active sterilizer; [AS,
Iodine Active sterilizer
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Table 4: Effect of different disinfectants on M. gypsum.
Disin- | Dilutio | Con Time of examination

fectant n % 15 30 [ 60 | 90 120
QAS 1:200 0.5% - - - - 5
1:400 | 0.25% + - " - -

TH4+ ; 2% - - - " =

TAS | 125 | 4%

Tek-Trol 1:100 1% = = 5 = -

Formalin

Slaked
lime
Control 5.3x10° 5.0x10°

* Recommended concentration by the producer; QAS, Quaternary Active sterilizer; IAS,
Iodine Active sterilizer; con., concentration.
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Table 5: The minimum lethal dilution of the tested disinfectants on

Trichophyton.
Concent- Time/min.
Disinfectant ration % | 7. mentagrophyte | T. rubrum
Quaternary Active Sterilizer | 0.2% 30 90
TH4+ 0.5% 60 60 .
Iodine Active Sterilizer 2% 60 120
Tek-Trol 0.2% 30 60
Formaline 2% 30 60
Slaked lime 20% NE NE .
NE, No effect

Table 6: Minimum lethal dilution of the tested disinfectants on Microsporum.

M. gypsum M. canis

Disinfectant

Concent- | Time/min. | Concentration% | Time/min.

ration %
QAS 0.2% 30 0.2% 30
TH4+ 0.5% 30 0.5% 30
1AS 2.0% 60 2.0% 90
Tek-Trol 0.1% 15 0.2% 30
Formaline 1.0% 15 1.0% 15
Slaked lime 20% 90 20% 90

QAS, Quaternary Active Sterilizer; IAS, Iodine Active Sterilizer.

DISCUSSION

Various compounds were used in our study covering a wide range of
the common disinfectants including phenols, quaternary ammonium
compounds, formaline, glutaraldhyde as well as inorganic compounds as
iodine and slaked lime.

The obtained results of ourinvestigation revealed that, the organic
compounds have a strong antifungal effect than that of the inorganic ones
(Tables, 1-4).

Data presented in Tables (1-4) demonstrated that the Tek-Trol which
in a phenolic compound posses a powerful antifungal effect on all tested
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species. However, 0.2% concentration of this compound was much more
satisfactory for destruction of mycotic affection caused by dermatophytes.
These results are in consistant with results of Moustafa et al. (1976) who
found that destruction of 7. mentagrophytes required as high as 0.5% of
phenolic compounds. On the other hand, these results are supported the
work of Woodward et al. (1933) and Klamrann & Wright (1954). It was
stated that phenolic compounds lead to extrusion of cell contents through
damaging the cell membranes (Sainsbury and Sainsbury, 1982). Moreover,
they act, as protein denaturants as it absorbed to the protein phase, yielding
a complex, which may ultimately, be coagulated.

The quaternary ammonium compounds and gltaraldhyde are widely
used in the veterinary practice. They are strong disinfectant, safe, non-
irritant, and not affected by the organic matter. Data presented in tables 1-4,
showed that as low concentration as 0.2% is quite enough to destroy the
fungal spores. However, the quaternary active sterilizer as a quaternary
ammonium compound induce this effect within 30 minutes for all fungal
species except for 7. rubrum which require 90 minutes for complete
destruction. = Moreover, TH4+ which contains quaternary ammonium
compounds and glutaraldhyde revealed also strong antifungal effect at 0.5%
within 60 minutes. These results are quietly differ than that obtained by
Moustafa et al. (1976) where as higher concentration as 1 % is required to
destroy 7T.mentagrophytes within 150 min. to 2.30 hours. On the other hand
these results are quite similar to those obtained by Lawrence (1950). It was
stated that the biocidal activity of glutaraldehyde depends on either the
availability of two free aldhyde groups in the molecule which react with the
amino groups of the cell (Rubbo et al., 1967) or the rapid and complete
inhibition of DNA and RNA synthesis (McGucken & Boodside., 1973). On
the other hand, the quaternary ammonium compounds produced intracellular
changes after short periods of contact involving cytolytic damage resulting
in leakage of the cell constituents into the suspending fluid (Cox, 1995, and
Sainsbury and Sainsbury, 1982). These compounds are of high surface
activity which are cationic by nature. With their surface absorption the
material is brought into more effective contact with the bacterial cell and
consequently there is an increase in local concentration around the cell
(Hoogerheid, 1945). When dissolved in the water, these compounds are spit
into ions that adhere to the surface, giving a long-lasting residual effect.

It was revealed that Microsporum species are much sensitive to
formaline than Trichophyton species. However, Tables 1-4, illustrated that
1% formaline was sufficient to destroy Microsporum species while 2% was
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required to do the same effect on Trichophyton species. These results are
disagreement with that obtained by Moustafa et al. (1976) where as high as
3 % concentration of formaline was required to destroy both Microsporum
and Trichophyton.

Concerning the antifungal effect of the inorganic compounds, Tables
1-4, revealed that they are less effective than organic compounds. [odine
compound must be used at high concentration (2%) to destroy both
Trichophyton and Microsporum within 120 min. However, iodine reacts
with the organism by oxidation-reduction process, but halogenation also
takes place (Sainsbury and Sainsbury, 1982).

On the other hand, the freshly slaked lime shows negligible effect.
At 20 % concentration, slaked lime required 90 minutes for destroying both
Microsporum canis and M. gypsum, while no effect was recorded on
Trichphyton species. However, 2% slaked lime was failed to show any
antifungal properties. These results are much similar to those recorded by
Moustafa et al. (1976). However, Ismail (1967) concluded that using of the
lime wash instead of water for preparation of disinfectants will assure many
benefits in the control practice, while the best disinfectant for bedding and
earth floor was found to be milk of lime.

The obtained results revealed that there are some qualitative
differences between the resistance of Trichophytom and Microsporum
species to the used disinfectants. Data presented in Tables (5, 6), indicated
that Trichophyton species are much resistant to most disinfectants than
Microsporum. However, phenolic compound (Tek-Trol) was destroyed
Microsporum species within 30 minutes at 0.2%, while the same
concentration required 60 minutes to destroy Trichophyton species (Table 5
& 6). A similar result was obtained by quaternary ammonium compounds
where TH4+ (0.5%) and quaternary active sterilizer (0.2%) showed faster
drastic effect on Microsporum species than Trichophyton species. The last
two compounds were required 30 minutes to kill the Microsporum species at
the recommended concentration, while they need up to 90 minutes to kill
Trichophyton species at the same concentration. Moreover, similar results
were recorded by all used disinfectants including iodine compound and
formaline (Tables 5 & 6). Iodine compound required 2 hours to destroy
Trichophyton species at 2% while it only needs one hour to destroy
Microsporum at the same concentration. On the other hand, 1 % formaline
was sufficient to kill Microsporum species within 15 minutes while
Trichophyton species were required 2 % to be destroyed in a longer period
(Tables 5 & 6). Moreover, 20 % freshly slaked lime was effective against
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Microsporum species while it failed to destroy Trichophyton species over
two hours. These results agree with those found by Weirch and Pokorny
(1942); Spaudling (1961), and Moustafa et al. (1976).

There is no doubt that there are some qualitative differences within
the same fungal species. Microsporum gypsum was much susceptible to the
used disinfectant than M. canis. However, M. gypsum was completely
destroyed by Tek-Trol after 15 minutes at 0.1%, while a higher
concentration (0.2%) and longer time was required to destroy M. canis..
Moreover, Trichophyton rubrum was more resistant than 7. mentagrophytes.
It was revealed that most of the used disinfectants were required a longer
time to destroy 7. rubrum than the time required for 7. mentagrophytes.
There is no available literature about the resistant differences between the
different fungal strains of the same fungal species.

From the obtained results one can safely concluded that,
Trichophyton species are more resistant to most of the disinfectants than
Microsporum. Moreover, within the same fungal species there are some
qualitative differences between their strains. However, 7. rubrum is more
resistant than 7. mentagrophytes. On the other hand, M. canis is more
resistant to the disinfectants than M. gypsum. The organic disinfectants are
strong antifungal agents than the inorganic ones. Controlling of the mycotic
infections seem possible by using strict hygienic measures to prevent
spreading of skin disease as well as comprehensive sanitation program.
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