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ABSTRACT

An experiment was conducted to investigate the immunologic property, pathogenicity and treatment of Fusarium
graminearum infection. Several groups of mice were randomly selected for the following groups: (PC, T1 and T2 were
groups of mice that respectively received a 1:1, 1:100 and 1:100,000 fungal dilution while T3, T4, and T5 were groups of
mice that respectively received the same concentration but each were treated with Diethylamine Acetarsol
(Acetylarsan). A group of mice was included as a negative control (NC).In vitro assays were used to examine the ability of
F. graminearum to produce enzymes, which are thought as important virulence indicators. Results revealed the ability of
the pathogen to produce collagenase and elastase. In addition, histopathological examination indicated vascular
congestion and mild triaditis of the liver. Pulmonary congestion and lymphoid hyperplasia in the spleen were noted. The
fungi were recovered from the liver, lungs, spleen and skin of the legs of some experimental animals. Likewise, increase in
weight of the spleen doubled as early as the second week (from 49 mg to 80 mg) and progressed up to the fourth week
(125 mg) where it tapered off in the untreated group. Similar increase in the weight of the spleen was observed in the
treated group (40 mg to 64 mg) but not as great as that in the untreated group (105 mg). Hematological findings
showed a lymphocytic count of 1.83 that increased to 3.356, monocyte count of 0.47 that increased to 0.981 and
neutrophils increased from 0.399 to 1.698 in untreated groups. Lymphocyte count in the treated group was increased
from 1.8 to 3.64, monocytes increased from 0.068 to 0.325 and neutrophils increased from 0.223 to 1.056. High incidence
of death was observed in animals that did not receive treatment (PC, T1, and T2) while relatively lower death incidences
were exhibited by groups that received diethylamine acetarsol (T3, T4 and T5).
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INTRODUCTION

There is insufficient information describing the pathogenicity of the fungus Fusarium in livestock in
different parts of the globe. This fungus had been associated with Deg Nala disease. This affects largely
buffaloes and cattle in India, Pakistan and Nepal.

The precise mechanisms underlying the observed symptoms of Deg Nala disease is not known. In this
study, investigative efforts had been focused on the pathogenicity, ability to produce immune response
and efficiency of diethylamine acetarsol as effective therapeutic agent.

Raising buffaloes and cattle in Pakistan, Nepal and India is one way of augmenting the financial resources
of village people. Infections that may be debilitating in nature can cause significant economic losses as a
result of decreased production confounded by reduced growth rate, mortality and poor animal
performance. An effort to improve animal production in the village calls for suitable control or
therapeutic measures of any disease. Experimental evaluation of the immunologic properties and
treatment of F. graminearum infections should be considered.

The general objective of this study was to determine the pathogenicity, immunological characteristics and
treatment of F. graminearum infection.

METHODOLOGY

Fusarium graminearum Test Strain.

The fungus Fusarium graminearum was obtained from the National Culture Collection of Microorganisms,
Institute of Molecular Biology and Biotechnology, University of the Philippines at Los Bafios, Laguna. The
stock culture was inoculated in Sabouraud's Dextrose Agar and was kept at room temperature for two to
five days.

Test for Pathogenicity

Elastase Production
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Inoculation and Incubation of the Culture Medium. Sabouraud's dextrose agar was supplemented with
0.3% elastin (Sigma No.E 1625). Test strains (F. graminearum) and the positive control (P. aeruginosa)
was inoculated as streaks in Sabouraud's dextrose agar supplemented with 0.3% elastin. Three plates
were set as replicates for the test strain and the positive control. A negative control consisted of an
uninoculated Sabouraud's dextrose agar supplemented with 0.3% elastin (also in three replicates) was
run. Plates were incubated for two weeks at 37°C.

Observation of Elastase Production. Clearing of zone around fungal colonies or bacterial colonies in the
case for the positive control indicates elastase production. Designated scores were set forth to describe
elastase production. These were presented as follows: 0.0, no clearing around colonies; 1.0, 20 - 30% of
colonies on the surface of the medium are surrounded by clear zones; 3.0, 40 - 70% of colonies on the
surface of the medium are surrounded by clear zones; 5.0, 80 - 100% of colonies on the surface of the
medium are surrounded by clear zones. Observation of positive reaction was undertaken daily for two
weeks. This procedure was conducted twice to confirm the result of the first experiment.

Collagenase Activity

Inoculation and Incubation of the Control Medium. Nutrient broth (5 ml) was supplemented with type I
collagen from Bovine Achilles Tendon (5 mg). The media were dispensed in tubes and autoclaved at
1157C for 15 minutes. The tubes were inoculated with the test strain (F. graminearum) and Clostridium
perfringens (positive control). Three tubes were set as replicates for the test strain and positive control.
An uninoculated Nutrient broth supplemented with type I collagen from Bovine Achilles Tendon (also in
three replicates) was included as a negative control. These were incubated at 372C for two weeks.
Observation of Collagenase Activity. The tubes were examined grossly for indication of collagen digestion
during the entire incubation period. Designated scores were set forth to describe collagenase production.
These were used as follows: 0.0, no indication of collagen digestion; 1.0, 20 - 30% of the collagen in the
medium is digested; 3.0, 40 - 70% of collagen in the medium is digested; 5.0, 80 - 100% of collagen in the
medium is digested. Observations of positive reaction were undertaken daily for two weeks.

RESULTS AND DISCUSSION

The colonies of F. graminearum were initially white in color and cottony at the surface of Sabouraud's
dextrose agar. As the colonies matured, they became greenish to brown in color. This is in conformity
with the morphological studies on F. graminearum conducted by Segal et al. in 1998.

Elastase and Collagenase Production

Table 1 shows the ability of F. graminearum to produce elastase and collagenase. The ability of F.
graminearum to produce elastase was observed to be the same as that of the positive control
(Pseudomonas aeruginosa). F. graminearum produced collagenase at a lower level when compared with
the positive control (Clostridium perfringens). The degree of collagenase production manifested by both
test strain and positive control was not significantly different. The effect of the above test suggests that
enzymes like collagenase and elastase produced by F. graminearum may enhance its damaging effect on
tissues. The characteristic lesions of the Deg Nala disease like drying and sloughing of tail tips (Irfan,
1971) and injuries of the extremities could be possibly related to the damaging effect of these enzymes on
tissues in chronic cases of infection.

Table 1. Elastase and collagenase production of F. graminearum

CRITERIA F. POSITIVE CONTROL NEGATIVE CONTROL
graminearum
Elastase 5.00 (0.000)ns 5.00 (0.00) 0.00
P. aeruginosa
| Collagenase | 4.30 | (0.942)ns | 5.00 | (0.00) | 0.00 | (0.00)

C. perfringes

Data presented as mean (? standard deviation) response of three replicates. Designated scores were set
as follows to categorize responses: 0.0 - no indication of positive responses as described in the materials
and methods; 1.0 - 20-30% of the colonies on the surface of the medium show positive response; 3.0 -
40-70% of the colonies show positive response; and 5.0 - 80-100% of the colonies on the surface of the
medium show positive response. The criterion for elastase production was the presence of clear zones
around the colonies white positive while collagenase production was indicated by collagen digestion. Ns,
no significant differences compared with the positive control.

Download Full Paper from www.wjcpmt.com

Page | 54



Mortality

Data on the mortality profile shown in Table 2 shows that there was high mortality rate (20%) in the

group that received the undiluted.
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Table 2. Weekly mortality profile (M/Total) of mice infected with F. graminearum

Week PC T1 T2 T3 T4 TS NC
1 4/20 2/20 1/20 1/20 1/20 1/20 0/20
20% 10% 5% 5% 5% 5% 0%
2 3/16 3/18 1/19 1/19 0/19 0/19 0/20
18.75% 16.6% 5.26% 5.26% 0% 0% 0%
3 1/13 1/15 1/18 0/18 0/19 0/19 0/20
7.69% 6% 5.5% 0% 0% 0% 0%
4 0/12 0/14 0/17 0/18 0/19 0/19 0/20
0% 0% 0% 0% 0% 0% 0%
5 0/12 0/14 0/17 0/18 0/19 0/19 0/20
0% 0% 0% 0% 0% 0% 0%
6 0/12 0/14 0/17 0/18 0/19 0/19 0/20
0% 0% 0% 0% 0% 0% 0%

Data represent the ratio of the number of dead animals (M) over the total of animals (T) in a given
treatment group at indicated time intervals. Values in parenthesis are mortality rates (%). Concentrated
fungal inoculum (PC). This trend tapered down to 18.75% on the second week and reached a lower level
(7.69%) on the third week. Relatively lower mortality rate (10%, 16.6%, and 6%) was recorded in T1
while T2 exhibited the lowest rate of mortality percentage from the first week to the third week of
observation. These results were different from treatment groups that received the diethylamine acetarsol.
Treatment 3 had mortality rates of 5.0% to 5.2% on the first and second week and no death was noticed
thereafter. Treatments 4 and 5 manifested 5% mortalities only on the first week. No mortality was
recorded in the negative control. Data on mortality profile show that infection with F. graminearum
induced immediate death of experimental animals observed within the first four days post-challenge. No
existing literature reveals elicited responses similar to this. The death recorded in the first few weeks
post-challenge with F. graminearum indicated that the defense mechanism of the animals was inadequate
to mount immune protection.

Histopathological Examination

Based on histopathological findings, various changes in the liver, lungs and spleen were observed. In the
liver, vascular congestion and portal triaditis were noted. There were reactive nuclear changes; slight
enlargement of the nuclei but no alteration of chromatin distribution was noted.

The nuclear membrane contains ample amount of cytoplasm. Some livers exhibited mild to moderate
dysplastic changes which included prominent nuclear enlargement, hyperchromasia, pleomorphism and
chromatin clumpings (Plates 1c to g). The amount of dysplastic changes in some hepatocytes gives the
possibility of some of the cells that develop hepatocellular carcinoma. No indication of malignant cells
was seen.

In the lungs, most of the changes seen were non-specific vascular congestion. Some emphysematous
changes were seen but were sporadic and non consistently present.

In the spleen, lymphoid hyperplasia and vascular congestion were observed. These were being
considered as non-specific changes.

This study offers a more detailed histopathological finding related to F. graminearum. Previous literatures
revealed gross lesions that involved the skin, lungs, sinuses, spleen, kidney, muscles, CNS, and liver, heart,
eyes, joints, and toe nails of infected animals (Boutati and Anaisse, 1997).

Fungal Recovery

Data in Table 3 show the recovery scores of F. graminearum from the different organs indicated. This is an
initial attempt to recover F. graminearum from the infected animals. Data confirm the ability of the
pathogen to colonize and establish itself in tissues of vital organ and cause impairment of function.
Splenomegaly

Splenomegaly (Table 3) was observed in the posittve control. The initial weight of 49 mg increased to 125
mg in the fifth week. The group that was given lower concentration of pathogen had the lowest spleen
weight (43 mg) and reached weight of 115 mg in the fifth week. On those groups that were treated with
antifungal drug, the lowest weight of the spleen was 60 mg and highest weight was of 200 mg in the
fourth week.
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This pattern indicated that in the control group and even in mice that received lower concentration of
fungi, the body system took a longer time to develop the capacity to build up the body immune systems.
These results are similar to the findings of other authors relating to splenomegaly in human beings
diagnosed with systemic infection due to Fusarium (Guarro and Gene, 1995).

Table 3. Weekly weight of spleen in experimentally infected F. graminearum mice

Week PC T1 T2 T3 T4 TS NC
1 0.0499 0.0435 0.0660 0.0395 0.0405 0.0405 0.0380
(0.009) (0.085) (0.006) (0.005) (0.0025) | (0.0045) | (0.003)
2 0.073 0.073 0.0775 0.0675 0.126 0.063 0.064
(0.0015) | (0.005) (0.005) (0.005) (0.014) (0.0015) | (0.002)
3 0.075 0.165 0.085 0.11 0.165 0.125 0.0415
(0.005) (0.055) (0.005) (0.01) (0.055) (0.005) (0.035)
4 0.08 0.0825 0.055 0.105 0.2 0.1275 0.045
(0.002) (0.0025) | (0.005) (0.005) (0.01) (0.0075) | (0.003)
5 0.125 0.115 0.0365 0.079 0.175 0.1225 0.0455
(0.005) (0.005) (0.0015) | (0.001) (0.005) (0.005) (0.005)
6 0.0985 0.099 0.035 0.062 0.105 0.099 0.0485
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005)

Data are mean+ weights of spleen (g) from animals experimentally infected with the fungal pathogen
determined at the indicated time intervals. Data are mean* weights of spleen (g) from animals
experimentally infected with the fungal pathogen determined at the indicated time intervals.

SUMMARY, CONCLUSION AND RECOMMENDATION

Based on the findings gathered in this study, F. graminearum is a pathological agent, which has the ability
to infect vital organs of the body, which would cause impairment of organ functions. This pathogen
possesses the ability to digest elastin and collagen that may be seen in body tissue which could be
attributed to the manifestation of the disease. This study also indicated that F. graminearum caused
substantial pathological damage to liver, lungs, and spleen. The pathogen was found to induce
leukocytosis and marked increase of lymphocytes, neutrophils and macrophage. It was found that when
infection was induced, the mortality ranged from 20% in first week and declined to 7.69% in the third
week in positive control group and untreated group. While in treated group, mortality was only 5% from
the first to third week.

Taking the result of this study, it is recommended that effort should be directed toward the prevention of
F. graminearum infection in animals. Moreover, further studies should be conducted to confirm the direct
involvement of other species of Fusarium on Deg Nala disease which would require application of recent
fungal isolation and identification procedures. Finally the application of diethylamine acetarsol or its
derivatives as a treatment for F. graminearum infection in domestic animals should be looked into.
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