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Abstract

Introduction: Phagocytic activity and oxygen metabolism of peripheral blood granulocytes from rabbits with experimental
trichophytosis were assessed by flow cytometry. Material and Methods: Virulent species of 7. mentagrophytes var. granulosum
(Tm-K) isolated from rabbits with natural trichophytosis was used for experimental infection. The phagocytic activity of
granulocytes was measured in whole blood by flow cytometry using the commercial Phagotest kit. Oxidative burst was measured
in whole blood by flow cytometry using the commercial Bursttest kit. Results: It was found that rabbits were susceptible to
infection with Trichophyton mentagrophytes under experimental conditions. The analysis of the phagocytic activity indices and
oxygen metabolism of granulocytes in peripheral blood of infected rabbits showed that changes of the indices were connected
with the progression and regression of the disease. A significant decrease in phagocytic activity and oxygen metabolism was
observed during development of fungal lesions and it remained similar throughout the progress of the disease. The highest means
of the percentage of activated and ingesting phagocytes and a significant increase in the mean fluorescence intensity
(representing the number of ingested bacteria) were observed during spontaneous recovery. Therefore, the decrease or increase in
the indices of phagocytic activity and oxygen metabolism of granulocytes from rabbits experimentally infected with
T. mentagrophytes is somehow related to the progress of infection and suppressive activity of the fungus, whose elimination
during recovery caused significant increases in investigated indices of non-specific cellular immunity. Conclusion: The results of
the present investigation confirm that the mechanism of oxygen-dependent killing is crucial in infections caused by
T. mentagrophytes.
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Introduction

Trichophyton mentagrophytes, a highly contagious
pathogen, is the main agent of ringworm aetiology in
rabbits. Spores of 7. mentagrophytes are very resistant
to environmental factors and disinfectants. The spores
could survive near one and a half year in animal
enclosure and this feature essentially influences
stationary prevalence of ringworm in plague-stricken
area (1, 3,7, 11, 17, 19, 20, 22 ). During the early stage
of infection caused by dermatophytes the main
mechanism of skin cellular non-specific immunity,
which is involved in elimination of fungi, is

phagocytosis. Fungal focus is infiltrated mainly by
neutrophils whose activity is influenced by chemotactic
factors such as complement fragment C3 or IL-8
released by keratinocytes (15). The neutrophils have
killing mechanisms which are oxygen-dependent and
oxygen-independent (defensins, cathepsin, lysosyme,
elastase, azurocidin), having a strong inhibitory effect
on the growth of fungi (4, 15). Small particles of the
fungus (e.g. microconidia) are easily absorbed and
destroyed in the phagolysosome by phagocytosis. The
complement fragment C3 plays an important role in
this process. The myeloperoxidase system of
neutrophils exerts destructive effect on dermatophyte
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spores, even in the presence of catalase released by
fungi, whose role is to prevent this phenomenon (15).
On the other hand, the mycelium hyphae are
surrounded by the neutrophils, which join together by
means of lectin receptors and release fungicidal
substances (mainly oxidising metabolites) into the
direct surroundings (4, 15).

In the later stage of fungal infection, the main
effector cells, which disable fungal penetration into
deeper parts of skin, are macrophages. These cells have
lectin receptors on their surface, directly binding
special carbohydrates of the cellular wall or destroy
them via surface receptor Fc IgG and complement
fragment C3. Macrophages engulf and process fungal
antigens and present them to T cells in the presence
of MHC II particles. Additionally, macrophages release

cytokines which induce expression of adhesion
molecules on endothelial cells of the capillary
vessels (16).

The main objective of the present study was the
analysis of the indices of phagocytic activity and
oxygen metabolism of granulocytes from rabbits
experimentally infected with T. mentagrophytes. The
study also intended to define whether a decrease or
increase in the indices is related to the progress of
infection and suppressive activity of the fungus.

Material and Methods

Experimental animals. The study was performed
on 16 New Zealand rabbits aged 10 weeks which came
from a breeding farm free from ringworm. Animals
were divided into an experimental group (group I) and
a control group (group II). During the experiment the
rabbits from both groups were fed full-portion of
granulated fodder with the addition of coccidiostatics
and water ad libitum. Group I consisted of eight rabbits
experimentally infected with 7. mentagrophytes.
Before the experiment, hair samples were collected
from various body areas for mycological testing. No
sign of dermatophytes were demonstrated in any
sample. In addition, intracutaneous skin test was
performed in these animals. A refined glycoprotein
fraction (Tm-GP) obtained from the strain 7. mentagrophytes,
according to Wotoszyn and Uminski (25) was used to
perform skin tests. The allergen was administered
intradermally at a dose of 0.2 mL (0.2 mg protein
concentration). The results were collected after 24, 48,
and 72 h by assessing heat diameter and swelling. Skin
test results were negative in all animals.

The virulent species of 7. mentagrophytes var.
granulosum (Tm-K) isolated from rabbits with natural
trichophytosis was used for experimental infection
(14). The initial examinations demonstrated that the
Tm-K species induced typical lesions in the form of
fungal foci in animals infected with a dose of
10* cfu/mL, which was considered the lowest infective
dose for rabbits. The rabbits were infected by rubbing

the suspension into the shaved and slightly scarified
skin for two successive days around the scapula, thighs
on both sides, and back (in total, five areas). The daily
dose, i.e. 5 mL of suspension, was divided into five
portions and rubbed into the skin of each rabbit.
Animals with experimental trichophytosis were under
clinical observation to assess the dynamics of the
disease process, time of regression of fungal lesions,
and survival of fungal spores. The survival of
T. mentagrophytes spores was evaluated by culturing
the scrapings collected from the lesions in the
Sabouraud medium with the addition of actidione
(27°C, 14 days).

Group II consisted of eight healthy rabbits from
which hair samples were collected from various body
areas for mycological testing. Skin tests were
performed in the same way as in experimental group.
No dermatophytes were observed in any sample. Skin
test results were negative in all animals.

Phagocytosis assay. The phagocytic activity of
granulocytes was measured by flow cytometry using
the commercial Phagotest kit (Orpegen Pharma,
Germany), according to the manufacturer’s instructions.
Heparinised peripheral blood (100 pL) was incubated
with 20 pL of FITC-labelled heat-killed E. coli (10 cfu)
for 20 min at 37°C, a negative control remained in the
ice bath for 20 min. At the end of the incubation, all the
samples were placed in the ice bath in order to stop
phagocytosis. A volume of 100 pL of ice-cold
Quenching Solution was added to each sample. The
samples were mixed (by vortex mixer) for 2 min at
25°C. Then, 3 mL of cold washing solution was added
to each sample and centrifuged at 1,250 rpm for 5 min
at 4°C. After two washing steps, the erythrocytes were
removed with 2 mL of lysing solution added for 20 min
at room temperature. The supernatant was discarded;
3 mL of cold washing solution was added, and then
centrifuged at 1,250 rpm for 5 min at 4°C. DNA
staining solution (100 pL) was added and incubated in
the ice bath for 10 min. The samples were analysed by
flow cytometry (EPICS XL, Beckman Coulter, USA)
within 30 min. The percentage of FITC positive cells
and mean fluorescence intensity (representing the
number of ingested bacteria) were measured, and the
phagocytic index (percentage of positive cells x mean
channel/100) was calculated after gating the
granulocytes by size and granularity. Phagocytic
activity was expressed as the mean fluorescence
intensity (MFI) emitted by the cells which was
proportional to the number of phagocytised bacteria.

Oxidative burst assay. Oxidative burst was
measured in whole blood with flow cytometry using the
Bursttest kit (Orpegen Pharma, Germany), according to
the manufacturer’s instructions. Heparinised whole
blood (100 pL) was incubated for 10 min at 37°C in the
water bath with 20 pL of E. coli suspension (E. coli
opsonised), 20 pL of PMA working solution (high
control), 20 pL of fMLP working solution (low
control), and 20 pL of washing solution (negative
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control). After incubation, 20 uL of substrate solution
was added to each sample and incubated for 10 min at
37°C in the water bath. The erythrocytes were removed
by the addition of 2 mL of lysing solution to each tube
for 20 min at room temperature. After incubation, the
samples were washed in 3 mL of washing solution and
centrifuged at 1,250 rpm for 5 min at 4°C. Then DNA
staining solution (200 pL) was added and incubated for
10 min in the ice bath. The samples were analysed by
flow cytometry (EPICS XL, Beckman Coulter, USA)
within 30 min. Oxygen metabolism of granulocytes
(percentage of activated cells) and phagocytic activity
of granulocytes (expressed as the MFI) in peripheral
blood were measured. The percentage of activated cells
which were capable of producing oxygen metabolites
was assessed on the basis of a model of DHR 123
(dihydrorodamine 123) into R123 (rhodaminel23)
conversion.

Statistical analysis. Data were compared by
calculating means, standard  deviations, and
significance of differences between groups and
successive determinations. The results were statistically
analysed using the Student’s #-test at significance levels
0.05 and 0.01.

Results

Clinical observations and mycological test
results. The clinical signs of infection in rabbits
experimentally infected with T. mentagrophytes such as
congestion, skin swelling, and peeling of epidermal
layer at the inoculation site occurred between the 6

70+

and 8" day of observation. Not until the 12" to 14 day
yellow-grey coloured scabs of different thickness were
formed. The blisters and the scabs covered all fungal
foci and were always restricted to the infection sites
only. Fungal foci were disappearing between the 30%
and 40" day after the beginning of infection, which was
manifested by skin exfoliation and coming off with the
crust. Mycological examination proved that in each of
infected rabbits 7. mentagrophytes was present in
inoculated sites between the 6% and 22" day of
infection. After 30 and 40 days, the results of
inoculation tests from all rabbits were negative. In
animals from control group no clinical signs of the
disease were observed and the mycological
examination findings were negative.

Granulocyte phagocytic activity results. Before
the infection (day 0) granulocyte phagocytic activity in
both groups was similar (Fig. 1a).

From the 8" day, in the group of animals infected
with T. mentagrophytes, the decline in percentage of
phagocytes was statistically significant (P < 0.05), with
the lowest mean values on the 14" day compared with
both baseline values and control group values. After
that period the percentage of phagocytic cells in rabbits
infected with 7. mentagrophytes was gradually and
significantly increasing, with the highest mean values
on the 40" day. On this day the clinical signs of
trichophytosis receded and the results of mycological
examinations were negative.

Similarly, on the first day of investigations the
MEFI values in group I were comparable to controls
(Fig. 1b).
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Fig. 1a. Phagocytic activity of granulocytes (mean percentage of phagocytic cells) from

peripheral blood of rabbits experimentally infected with 7. mentagrophytes

A —P <0.01 between experimental group (group I) and control group (group II)

a—P <0.05 between group I and group II
B - P <0.01 between individual examinations and day ,,0”
b — P <0.05 between individual examinations and day ,,0”
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Fig. 1b. Phagocytic activity of granulocytes (mean fluorescence intensity) from peripheral blood

of rabbits experimentally infected with T. mentagrophytes

A —P <0.01 between experimental group (group I) and control group (group II)

a—P <0.05 between group I and group II
B — P <0.01 between individual examinations and day ,,0”
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Fig. 2a. Oxygen metabolism of granulocytes (mean percentage of cells activated by E. coli) from
peripheral blood of rabbits experimentally infected with 7. mentagrophytes

A —P <0.01 between experimental group (group I) and control group (group II)

b — P <0.05 between individual examinations and day ,,0”
B — P <0.01 between individual examinations and day ,,0”

The MFI values determined on the 8" and 14" day
after experimental infection with 7. mentagrophytes
(group II) were the lowest (P < 0.01) in the total course
of the experiment compared to baseline values and
control values. At successive measurement points, the
MFI was gradually increasing and at the final
measurement was the highest. In rabbits from group II,
the mean values of percentage of phagocytic cells

remained at the level similar to the baseline values
throughout the study. The MFI was also similar to the
baseline values.

Granulocyte oxygen metabolism results. The
data presented in Fig. 2a clearly show that the
percentage of cells activated by E. coli was similar in
control and investigated groups on the first day of
investigation.
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Fig. 2b. Oxygen metabolism of granulocytes (mean fluorescence intensity) after activation by
E. coli) from peripheral blood of rabbits experimentally infected with T. mentagrophytes
a— P <0.05 between experimental group (group I) and control group (group II)

A —P<0.01 between group I and group Il
B — P <0.01 between individual examinations and day ,,0”

In rabbits experimentally infected with
T. mentagrophytes (group I), significant (P < 0.01)
increase in the percentage of phagocytic cells occurred
from the 8" day and on the 14" day during the full
development of clinical symptoms of trichophytosis,
the maximum indices of activated cells were noted.
After that period a decrease in percentage of activated
cells was observed in the experimental group, but until
the end of the experiment mean values of activated cell
percentage were significantly higher compared with the
baseline value (P < 0.05) and controls (P < 0.01).
Before the infection the values of the MFI were also
similar in both groups (Fig. 2b).

In the rabbits experimentally infected with
T. mentagrophytes, the lowest and statistically
significant values of the MFI throughout the

experiment were observed between the 8" and 14" day
when the persistence of fungal lesions was also noted.
From the 22™ day in group I a gradual and statistically
significant increase in the MFI was noted and on the
40" day the highest values compared to the baseline
value and control group values were recorded. In the
rabbits from group II, the percentage of activated cells
and the MFI values remained at the level similar to
baseline values throughout the course of experiment.

Discussion

The present study demonstrated that rabbits are
susceptible to experimental 7. mentagrophytes
infection. All animals in the experimentally infected
group showed clinical signs manifested as thick scabs
strongly connected with the skin. Fungal lesions
receded after 40 days of infection, which was probably

connected with the development of specific cellular
immunity. The highest positive values of the leukocyte
migration inhibition factor (LMIF) test and negative
values of mycological findings in this period confirmed
the regression of the disease (24). In the early stage of
infection caused by dermatophytes, the first lines of
defence are granulocytes, especially neutrophils. The
flow cytometry method with the adapted Phagotest and
Bursttest sets provided numerous valuable data
concerning functional status of these cells. In our
studies this method was applied to assess phagocytic
and killing activity of rabbit granulocytes during
experimental trichophytosis. The analysis of the indices
of the phagocytic activity and oxygen metabolism in
granulocytes of peripheral blood of rabbits infected
with T. mentagrophytes shows that their changes were
related to the course and regression of the disease.
A significant decrease in phagocytic activity and
oxygen metabolism of granulocytes was observed
during the development of fungal lesions and was
similar throughout the course of the disease. It
particularly concerned a significant decrease in the MFI
which is an index of phagocytosis intensity in
individual cells. The highest means of the percentage of
activated and ingesting phagocytes and significant
increase in the MFI were observed during the
spontaneous recovery. It could be assumed that
a decrease or increase in phagocytic activity and
oxygen metabolism indices may be somehow related to
the progress of infection and suppressive interaction of
the fungus, the elimination of which during recovery
caused significant increases in investigated indices of
non-specific immunity (5, 6, 13, 23). The suppressive
effect on cellular non-specific antimycotic mechanisms
is caused by mannans which are embedded in cell walls
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of dermatophytes (2, 8, 9, 10, 12). The inhibiting role
of these substances is probably blocking surface
receptors of phagocytic cells (4, 12, 15, 21). It is
possible that the observed disturbed granulocyte
function in rabbits with experimental trichophytosis
resulted from the lack of capability of indirect
destruction of the fungi and ability to eliminate clinical
signs in the first stage of infection caused by
T. mentagrophytes. It is generally accepted that the
efficient system of phagocytic cells is one of
the basic mechanisms of non-specific cellular
antimycotic immunity involved in the elimination of
dermatophytes. Two different mechanisms are engaged
in fungal spores destroyed by granulocytes: the first is
connected with oxygen-dependent killing and the
second mechanism is connected with enzymatic
digestion in lysosomes (10, 15, 18). The results of the
present investigation confirm that the mechanism of
oxygen-dependent killing is crucial in infections caused
by T. mentagrophytes.
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