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Figure 11.

The changes in total bacterial counts after surgical removal of the intestinal
tract in diseased bullfrog tadpoles treated with DMSO and/or antibioties
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After 24 hours tadpoles treated with antibiotics (100 ug / ml each)
alone or with 1 percent DMSO plus antibiotics (100 ug / ml each) had
significantly (P<.05) lower numbers of tissue bacteria than did un-
treated tadpoles. Averaged across time tadpoles treated with 1 percent
DMSO plus antibiotics had significantly (P€.05) fewer numbers of tissue
bacteria than any other group tested, however, this difference was not
evident after 7 days of treatment.

Figure 13 shows the changes in animal health over the 7-day period.
At the end of 7 days of treatment, tadpole health was significantly (P<.05)
improved in all cases except those which were treated with 3 percent DMSO
and ahtibiotics . The most dramatic improvement in health was demonstrated
by tadpoles treated with antibiotics alone. Although the combined DMSO
and antibiotic treatment lowered tissue numbers of bacteria more than
other treatments, the organs of these animals showed more gross pathology

and were unusually soft and lacked structural integrity.
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DISCUSSION

Antibiotics administered by stomach tube have been successfully
used in other laboratories in the treatment of adult frogs (Gibbs et al.,
1966) , however this method is impractical for treating large numbers of
diseased animals. Furthermore, since.bacterial septicemia in Louisiana
bullfrogs was especially fatal to bullfrog tadpoles, the need for improved
methods of treatment became evident.

Before antibiotic treatments can be successfully carried out, anti-
biotic sensitivity studies should be performed to insure that clinically
important bacteria will be attacked within the animal. Although tetra-
cycline and sulfathiazole proved (o be an effective combination in in-
hibiting the growth of all bacteria previously shown to be pathogenic
for the Louisiana bullfrog (Glorioso et al., 1974a), it should be emphasized
that the antibiotic (s) of choice may vary from epidemic to epidemic.

The results indicate that after 24 hours, the bacterial numbers in
flowing water containers are significantly lower than in static water
containers despite treatment with DMSO and/or antibiotics. Since tad-
poles can be infected by free living pathogens which can be found in the
aquatic environment, the isolation of healthy tadpoles in flowing water
containers to insure low numbers of environmental pathogens should be
an initial disease prevention measure.

Tadpoles showing clinical signs of bacterial septicemia should be

detected early and isolated in static water containers. The containers
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should be cleaned and treated with 100 ug / ml of each antibiotic daily.
This would prevent the accumulation of bacteria, expose the animals
to the antibiotic therapy, and reduce the expense one would encounter
in a flowing water system. This method is supported by the reduction
in diseased tadpole mortality among antibiotic treated populations.
After 24 hours of treatment, antibiotics had no effect on environmental
bacterial numbers, although they did significantly reduce bacterial
counts within both the intestinal tract and tissues of the test animals,
In addition, the overall health of the antibiotic treated tadpoles was more
rapidly improved than under nontreated conditions. The majority of
deaths among both the antibiotic treated and untreated tadpoles
occurred during the first 24 hours, and the untreated animals continued
to show mortalities throughout the observation period.

Feeding diseased tadpoles during treatment is undesirable since

the increased amount of organic material in the water supports the

rapid growth of free living pathogens despite the presence of antibiotics.

Moreover, the starvation of larval animals in the latter stages of deve-
lopment increases the rate of metamorphosis and apparently does not
create starvation stress.

The use of DMSO is contraindicated because it proved to be either
harmful to the animal or did not increase the overall effectiveness of the
antibiotic treatment. The general health of tadpoles treated with DMSO

appeared to be worse than untreated or antibiotic treated tadpoles. In
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addition, DMSO has been shown to concentrate in the thyroid gland of
tadpoles and inhibit thyroxine production, a hormone essential to
metamorphosis (Hammerman and Ritterman, 1969).

Our experience with bacterial disease among tadpoles has shown
that simple precautions such as clean containers, flowing water and
proper diets can significantly reduce outbreaks of epidemics among
crowded populations. However, despite these precautions, if members
of a population begin showing clinical signs, they must be separated

from healthy animals and treated immediately.
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APPENDICES

KEY FOR THE IDENTIFICATION OF BACTERIAL
PATHCGENS OF AQUATIC ANIMALS
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Figure 2.

(appendix) Identification of gram positive pathogens
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Figure 3. (appendix) Identification of motile gram negative bacilli possessing
cytochrome oxidase
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Figure 4. (appendix) Identification of motile gram negative bacilli lacking
cytochrome oxidase
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Figure 5. (appendix) Identification of nonmotile gram negative bacilli
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Table 1. Average number of bacteria isolated from specific tissues and
maintenance water of diseased Rana catesbeiana.

Group I (5) & Group II (5)
Tissue tadpoles, metamorphosing adult frogs
tadpoles, and juveniles
number of bacteria/ml.
heart blood 3.2 x 104 4.1 x 104
" lymph 2.1x 103 1.3 x 104
peritoneal exudate 1.4 x 106 3.9 x 10°
spinal fluid 2.0 x 10! 0.8 x 10!
maintenance water after 24 hrs. 5.0 x 109 9.0 x 109
number of bacteria/gm.
alimentary tract 8.6 x 108 2.5 x 109
fat body 2.0 x 107 6.1x10°
gall bladder 6.4 x 10 3.7x 10l
kidney 2.7 x 104 1.9 x 109
liver 4.9 x 101 2.0 x 103
lung 1.5 x 101 1.3 x 10}
muscle 5.5 x 104 1.9 x 104
spleen 5.5 x 104 1.4 x 10°

8humber of animals tested.



Table 2. A comparison of two Corynebacteria isolated from septicemic

aquatic animals.

Characteristic Frog Isolate Fish Isolate
Growth

slow + +

15 C. + +

37 C -, -
facultative anaerobe + +
motile - -
hemolytic - -
size (0.3-0.5X0.5-1.0p) +
fermentation reactions

(acid/no gas)

arabinose - -
sucrose - +
lactose - +
mannitol - +
sorbitol - +
fructose + ND &
insulin - -
glucose + +
maltose ND +
nitrate reduction - =
citrate utilization - ND
Ho8 production - -
indole production - -
reaction of litmus milk Ncb ND
5% NaCl broth (growth) + ND
reaction on methlylene blue milk NC ND
methyl red - - +
Voges-Prauskauer - -
catalase +
starch utilization - ND

gelatin liquefaction

a
not done

bno change
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Table 3. Pathogenic bacteria isolated from the heart blood of diseased

Rana catesbeiana.

Organism

Group I (64)8 .

Group II (76)

tadpoles, metamorphosing Adult frogs

tadpoles, and juveniles

Aeromonas hydrophila

Aeromonas shigelloides

Citrobacter freundii

Flavobacterium sp.

Mima polymorpha

Proteus mirabilis

Proteus morganii

Proteus rettgeri

Proteus vulgaris

Pseudomonas aeruginosa

Pseudomonas fluorescens

Pseudomonas putida

Pseudomonas sp.

b
5
18
18
21

39

)¢
(8)
(28)
(28)
(33)
(61)
(11)
€))
- (60)
13)
(11)

(11)

4 3)
6 4P
12 amn
57 (75)
65 (85)
8 (11)
0
0
10 (13)
19 (25)
17 (23)
21 @27
10 (13)

8 humber of animals tested

bpumber of animals in which the bacteria were found

Cpercent of total number of animals tested
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Table 4. Nonpathogenic bacteria isolated from diseased Rana catesbeiana

Group I (64)8 Group II (76)
Organism tadpoles, metamorphosing adult frogs
tad%oles, an% juveniles
Achromobacter sp. 3 ®) 20 (26)
Alkaligenes faecalis 3 (5) 20 (26)
Bacillus cereus 56 (88) 31 (41)
Bacillus megaterium 6 €)) 2 3)
Bacillus sphaericus 1 @) 5 (6)
Corynebacterium sp. 14 (22) 60 (71)
Enterobacter sp. 41 (64) 53 (70)
Escherichia coli’ 9 (14) 9 (12) |
Gaffkya sp. 18 (28) 10 a3)
Klebsiella sp. 1 (2) 2 3)
-Micrococcus sp. | 4 (6) 6 (1)
Pectobacterium sp. 6 9 9 (12)
Proprionibacteriuh 8p. 0 | 3 4)
Pseudomonas alcaligenes 5 (8) 7 ¢))
Pseudomonas pseudoalcaligenes 0 2 3)
Sarcina lutea 1 (@) 3 4)
Serratia sp. 16 (25) 4 3)
Shigella sp. 6 9 2 3
Staphylococcus aureus 0 3 4)

8humber of animals tested
Phumber of animals in which the bacterium was found

cpercent of total number of animals tested



Table 4. (Continued) Nonpathogenic bacteria isclated from diseased -
Rana catesbeiana.

Group I (64)2 Group II (76)

Organism tadpoles, metamorphosing adult frogs
tadpoles, and juveniles

Staphylococcus epidermidis. 5 ¢:)) 12 (16)

Streptococcus sp. 47 (73) 61 (80)

Vibrio sp. ' 2 3) 2 3)

unclassified gram neg. bacilli 0 , ' 2 €))
a

number of animals tested
bnumber of animals in which the bacterium was found

Cpercent of total number of animals tested



Table 5. Erythrocyte and leukocyte total counts and leukocyte differential counts from healthy

and diseased bullfrogs.

Healthy 2@ Diseased & Level of
Cell Type Average (range) Average (range) Significance
Erythrocytes (140-595) 207 (105-360) P .01
Leukocytes (3.0-4.8) 7.65 (5.4-9.85) P .01
Lymphocytes 61 N.s.P
Neutrophiles 22 P< .10
Monocytes 12 P ( .10
Eosinophiles . 6 N.S.
Basophiles 5 P .0

8values from 50 frogs

b

not significant
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Table 6. Dimensions of blood cells from healthy and diseased Rana catesbeiana.

- Healthy & Diseased & Level of
Cell Type Average (range) b Average (range) b Significance
ETytATOCyte 2.21C (1.49-4.45) 2.44C (1.62-4.85) —PZ .05
Erythrocyte nucleus 2.07 ©(1.20-3.74) 2.03¢ (1.39-3.20) | N.S.€
Thrombocyte nucleus 1.96 ¢ (1.52-2.49) 2.05¢ (1.37-3.25) N.S.
Small lymphocyte 8.84 (6.40-11.0) 7.19(5.4-9.4) PpL .01
Large lymphocyte 15.1 (11.2-23.5) 12.5 (Q0.8-14.8) | P .01
Neutrophil 16.8 (12.2-23.6) 15.0 (10.8-18.5) PL .10
Monocyte 16.1 (12.8-22.0) 14.5 (10.8-17.8) PL 10
Eosinophile 17.2  (12.5-23.2) 13.5 (10.8-17.2) P<L .05
B_asophile .3 (7.7-16.4) 9.3 (6.9-16.0) | N.S.

8yalues from 50 frogs €hot significant

bmicrons

Caxial ratio

ddiameter

L9
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Table 7. Serum biochemistries of healthy and diseased Rana catesbeiana.

Serum_biochemistry Health;Ld Diseased 9
creatine’ phosphokinase® 107; 33 333; 272 **
alkaline phosphatase? 6;25 11;15;19
serum glutamic 30; 95; 75 185; 200;195 *
oxalacetic transaminase
total proteinb 2.5 4.6;5.1
globulinP 1.0;1.4 1.9;2.3
cholesterol® 55 175; 90
glucose® 15 15;15
urea nitrogen® 4 0;4;3
calcium® 11.2;6.5 -13.5;11.1; 7.0
phosphorus® 7.6;2.6 7.4;6.0;5.2

*P L .05 %units
**p (.01 , bgms per 100 ml serum

C‘mg per 100 ml serum

deac_h value represents a pooled serum
sample from 5 frogs



PER CENT VIABILITY
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Figure 6. (appendix) Viability of the four pathogenic bacteria in glass distilled water
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Table 8. Stability of the toxic factor (s) produced by the growth of the
Flavobacterium sp. in Bacto-nutrient broth.

Treatment of Millipore Filtered Broth Toxicity for tadpoles
Freeze-Thaw (5 x) +
4 C for one week +
25 C for one week +
60 C for one hour +
121 C at 15 p.s.i. for 30 minutes +
pH 4-10 _ +
Dialysis ' -




PROTEIN (mcgm/ml)

5004 | -1000

4004 | -800
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Figure 7. (appendix) Elution patterns from Sephadex G-15 column
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Table 9. Lethal effects of bacterial products on bullfrogs and tadpoles

Number of Deaths out of Five Animals

Preparation Frogs Tadpoles

Millipore Filtered Broth Culture

Pseudomonas sp. 5 5
Aeromonas sp. | 5 5
Citrobacter freundii 5 5
Flavobacterium sp. 5 5
Escherichia coli 0 0

CM Chromatography Fractions 4 and §

Flavobacterium sp. ' 4 5

(8900 mg/L ammonia)
Sephadex Chromatography Fractions 6 and 7

Flavobacterium §2. 5 5

(20 mg/L ammonia)
CM Chromatography Fractions 4 and 5

Flavobacterium sp. 5 5

(no ammonia)




VITA

Joseph C. Glorioso, III was born in Louisville, Kentucky, July 9, 1945.
He became a Louisiana resident in 1949. After g‘raduatiné from Lafayette
High School in 1963, he entered the University of Southwestern Louisiana
where he majored in psychology and minored in chemistry, English, sociology,
and biology. He received a B.S. degree in 1969. In the fall of 1969 he entered
graduate school in the Department of Microbiology at the Universify of
Southwestern Louisiana. He received an M.S. degreé in 1971. He continued
his graduate training at Louisiana State University where he is now a
candidate for the Ph.D. degree in microbiology. During his college career
he was elected to the honor societies of Psi Chi, Phi Sigma, and Phi Kappa Phi

and has co-authored eleven scientific publications.

73



EXAMINATION AND THESIS REPORT

Candidate: Joseph Charles Glorioso , III

Major Field: Microbiology

Title of Thesis: Studies of Diseased Bullfrogs , Rana catesbeiana

Approved:

6?06-»&\' J. Qw&%

Major Professor and Chairman

Lod [

Dean of the Gradufte School

EXAMINING COMMITTEE:

Lo Ll 2Lkl iy
Kt (]

Date of Examination:

June 14, 1974




