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Figure 11. The changes in  total bacterial counts after su rg ica l removal of the in testinal 
trac t in  d iseased  bullfrog  tadpoles trea ted  w ith DMSO an d /o r antibiotics
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After 24 hours tadpoles trea ted  with antibiotics GOO p g  /  ml each) 

alone o r with 1 percen t DMSO p lu s antibiotics (100 p g  /  ml each) had 

significantly  (P < . 05) low er num bers of tissu e  bacteria  than did  un ­

trea ted  tad p o les . A veraged across time tadpoles trea ted  w ith 1 percen t 

DMSO plus antibiotics had significantly  (P C .05) few er num bers of tissue  

bacteria  than any o ther group te s te d , how ever, th is d ifference was not 

ev iden t after 7 days of trea tm en t.

F igure 13 shows the changes in  animal health over the 7-day p e rio d .

At the end of 7 days of treatm ent, tadpole health  was significantly  (P< .05) 

im proved in  all cases except those which w ere trea ted  w ith 3 percen t DMSO 

and an tib io tics. The most dram atic improvement in  health  was dem onstrated 

by tadpoles trea ted  w ith antibiotics a lone . Although the combined DMSO 

and antibiotic treatm ent lowered tissue  num bers of bac te ria  more than 

o ther trea tm en ts , the o rgans of these anim als showed more gross pathology 

and w ere unusually  soft and lacked s tru c tu ra l in te g r ity .
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DISCUSSION

Antibiotics adm inistered by stomach tube have been successfully  

used in other laboratories in  the treatm ent of adult frogs (Gibbs et a l . ,  

1966), however th is  method is  im practical for trea ting  large  num bers of 

d iseased  an im als. F u rtherm ore , since bacterial septicem ia in  Louisiana 

bullfrogs was especially  fatal to bullfrog tadpo les, the need for im proved 

methods of treatm ent became ev id en t.

Before antibiotic treatm ents can be successfully  ca rried  o u t , an ti­

biotic sensitiv ity  studies should be  perform ed to in su re  that clinically 

im portant bacteria  will be attacked within the anim al. Although te tra ­

cycline and sulfathiazole proved to be an effective combination in in ­

h ib iting  the growth of all b acteria  previously  shown to be pathogenic 

for the Louisiana bullfrog (Glorioso et a l . ,  1974a), it should be em phasized 

that the an tib io tic(s) of choice may vary  from epidemic to epidem ic.

The re su lts  indicate that after 24 h o u rs , the bacterial num bers in 

flowing w ater containers are  significantly lower than in static  w ater 

containers despite  treatm ent with DMSO an d /o r an tib io tics. Since tad­

poles can be infected by free liv ing  pathogens which can be found in the 

aquatic environm ent, the isolation of healthy tadpoles in flowing water 

containers to in su re  low num bers of environm ental pathogens should be 

an in itial disease prevention m easure.

Tadpoles showing clinical s igns of bacteria l septicemia should be 

detected early  and isolated in static w ater co n ta in e rs . The containers
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should be cleaned and trea ted  w ith 100 >ug I  ml of each antibiotic d a ily . 

This would preven t the accumulation of b ac te ria , expose the animals 

to the antibiotic th e ra p y , and reduce  the expense one would encounter 

in  a flowing w ater system . T his method is  supported  by  the reduction  

in  diseased tadpole m ortality among antibiotic trea ted  populations.

After 24 hours of trea tm en t, antibiotics had no effect on environm ental 

bacteria l n u m b ers , although they d id  significantly  reduce  bacterial 

counts w ithin both the in testinal trac t and tissu es of the test anim als.

In add ition , the overall health  of the antibiotic treated  tadpoles was more 

rap id ly  improved than u n der nontreated cond itions. The m ajority of 

deaths among both the antibiotic treated  and un trea ted  tadpoles 

occurred  d u rin g  the f irs t  24 h o u rs , and the un trea ted  anim als continued 

to show m ortalities throughout the observation p e rio d .

Feeding d iseased  tadpoles d u rin g  treatm ent is  undesirab le  since 

the increased  amount of organic m aterial in  the w ater supports the 

rap id  growth of free liv ing  pathogens desp ite  the p resence of an tib io tics . 

M oreover, the starvation of larval anim als in the la tter stages of deve­

lopment increases the ra te  of metamorphosis and apparently  does not 

create  starvation s t r e s s .

The use of DMSO is contraindicated because it proved to be e ither 

harmful to the animal o r did not increase  the overall effectiveness of the 

antibiotic trea tm en t. The general health of tadpoles treated  w ith DMSO 

appeared to be worse than untreated  or antibiotic trea ted  tad p o les . In



addition , DMSO has been shown to concentrate in the thyro id  gland of 

tadpoles and inhib it thyroxine p roduction , a  hormone essen tia l to 

m etamorphosis (Hammerman and R itterm an, 1969) .

Our experience with bacteria l d isease  among tadpoles has shown 

that simple precautions such as clean co n ta in e rs , flowing w ater and 

p ro p er d iets can significantly  reduce outbreaks of epidem ics among 

crow ded populations. H ow ever, despite  these p recau tio n s , if members 

of a population begin  show ing clinical s ig n s , they must be separated  

from healthy animals and treated  immediately.
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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. A verage num ber of bac te ria  isolated from specific tissu es  and
m aintenance w ater of d iseased  Rana ca tesbeiana .

Group I (5) a Group II (5)

T issue tad p o les , m etam orphosing adult frogs 
tad p o le s , and juveniles

num ber of b ac te ria /m l.

heart blood 3.2 x lO4 4.1 x 104

lymph 2.1 x lO3 1.3 x lO4

peritoneal exudate 1.4 x lO6 3.9 x 105

spinal fluid 2 .0  x lO1 0.8 x lO1

maintenance w ater after 24 h r s . 5 .0  x  10® 9.0 x 105

num ber of b ac te ria /g m .

alim entary trac t 8.6 x108 2.5 x109

fat body 2.0 x 107 6.1 x 107

gall b ladder 0.4  x 101 3.7 x 101

kidney 2.7 x104 1.9 x 105

liver 4.9 x 101 2.0 x 103

lung 1.5 x 101 1.3 x 101

muscle 5.5 x 104 1.9 x 104

spleen 5.5 x 104 1.4 x 105

anum ber of animals te s te d .



Table 2. A com parison of two C orynebacteria isolated from septicem ic
aquatic anim als.

C haracteristic Frog Isolate F ish  Isolate

Growth

slow + +
15 c + +
37 C -  . -
facultative anaerobe + +
motile - -

hemolytic - -
size (0 .3 -0 .5X 0 .5 -1 .tyi) + +

ferm entation reactions 
(acid /no  gas)

arabinose - -
sucrose - +
lactose - +
mannitol - +
sorbito l - +
fructose + NDa
insu lin - -
glucose + +
maltose ND +
n itra te  reduction - -
c itra te  utilization - ND
H2S production -  ■ -
indole production - -
reaction of litm us milk NCb ND
5% NaCl b ro th  (grow th) + ND
reaction on m ethlylene blue milk NC ND
methyl red - +
V oges-P rauskauer - -

catalase + +
sta rch  utilization - ND
gelatin  liquefaction

'

anot done 

b no change
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Table 3. Pathogenic bac teria  isolated from the heart blood of d iseased
Rana catesbeiana.

Group I (64)a Group II (76)

Organism tadpo les, metamorphosing 
tadpo les , and juveniles

Adult frogs

Aeromonas hydroph ila lb (2)c 4 (3)

Aeromonas shigello ides 5 (8) 6 (7)

C itrobacter freundii 18 (28) 12 (17)

Flavobacterium  sp . 18 (28) 57 (75)

Mima polym orpha 21 (33) 65 (85)

Proteus m irabilis 39 (61) 8 (11)

Proteus m organii 7 (U ) 0

Proteus re ttg e ri 2 (3) 0

Proteus v u lg aris 38 (60) 10 (13)

Pseudomonas aerug inosa 8 (13) 19 (25)

Pseudomonas fluorescens 7 (11) 17 (23)

Pseudomonas putida 7 (11) 21 (27)

Pseudomonas sp . 0 10 (13)

a num ber of anim als tested

^num ber of anim als in which the bacteria  w ere found 

cpercen t of total num ber of anim als tested



Table 4. Nonpathogenic bacteria  isolated from diseased  Rana catesbeiana

Organism

Group I (64)a Group II (76)

tadpoles, metamorphosing 
tadpoles, and juveniles

adu lt frogs

Achromobacter s p . 3d (5)c 20 (26)

A lkaligenes faecalis 3 (5) 20 (26)

Bacillus cereus 56 (88) 31 (41)

Bacillus megaterium 6 (9) 2 (3)

Bacillus sphaericus 1 (2) 5 (6)

Corynebacterium  sp . 14 (22) 60 (71)

E nterobacter sp . 41 (64) 53 (70)

E scherichia coli 9 (14) 9 (12)

Gaffkya sp . 18 (28) 10 (13)

Klebsiella sp . 1 (2) 2 (3)

Micrococcus sp . 4 (6) 6 (7)

Pectobacterium  sp . 6 (9) 9 (12)

Proprionibacterium  sp . 0 3 (4)

Pseudomonas alcaligenes 5 (8) 7 (9)

Pseudomonas pseudoalcaligenes 0 2 (3)

Sarcina lutea 1 (2) 3 (4)

S erra tia  sp . 16 (25) 4 (3)

Shigella sp . 6 (9) 2 (3)

Staphylococcus aureus 0 3 (4)

d u m b e r  of animals tested
^num ber of animals in  which the bacterium  was found 
°percen t of total num ber of animals tested



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

Group I (64)® Group II (76)

Organism tadpo les , m etam orphosing adu lt frogs
tadpo les, and juveniles

Staphylococcus epiderm idis 5 (8) 12 (16)

Streptococcus sp . 47 (73) 61 (80)

Vibrio s p . 2 (3) 2 (3)

unclassified  gram neg . bacilli 0 2 (3)

anum ber of animals tested
^num ber of animals in  which the bacterium  was found 
cpercen t of total num ber of anim als tested



Table 5. E rythrocyte and leukocyte total counts and leukocyte differential counts from healthy 
and diseased bu llfrogs.

Cell Type
Healthy a 

Average (range)
Diseased a 

A verage (range)
Level of 

Significance

E rythrocytes 285 (140-595) 207 (105-360) P <  .01

Leukocytes 3.85 (3 .0 -4 .8 ) 7.65 (5 .4-9 .85) P <  .01

Lymphocytes 60 (42-77) 61 (41-82) N . S . b

N eutrophiles 19 (7-31) 22 (8-36) P <  .10

Monocytes 9 (2-16) 12 (1-23) P < .10

Eosinophiles 9 (0-18) 6 (0-12) N . S .

Basophiles 7 (0-15) 5 (0-10) P <  .01

avalues from 50 frogs 
b not significant



Table 6. Dimensions of blood cells from healthy and diseased Rana catesbeiana .

Cell Type
Healthy a 

Average (range) b
Diseased a 

Average (range) b
Level of 

Significance

E rythrocyte 2.21 ^ (1.49-4.45) 2 . 4 4 c (1.&2-4.65) P 4  OS"'

E rythrocyte nucleus 2.07 c (1.20-3.74) 2.03c a . 39-3.20) N .S . e

Thrombocyte nucleus 1.96 c (1.52-2.49) 2 .05°  a . 37-3.25) N.S .

Small lymphocyte 8 . 8 d (6.40-11.0) 7.1 d (5.4-9.4) P <  .01

Large lymphocyte 15.1 (11.2-23.5) 12.5 (10.8-14.8) P <  .01

Neutrophil 16.8 (12.2-23.6) 15.0 (10.8-18.5) P <  .10

Monocyte 16.1 (12.8-22.0) 14.5 (10.8-17.8) P <  .10

Eosinophile 17.2 (12.5-23.2) 13.5 00.8-17.2) P <  .05

Basophile 11.3 (7.7-16.4) 9.3 (6.9-16.0) N.S.

‘Values from 50 frogs enot significant
b • microns
caxial ratio
^diameter



Table 7. Serum biochem istries of healthy and d iseased  Eana catesbeiana . 

Serum biochem istry Healthy d__________________ D iseased d_________

creatine  phosphokinase8 107; 33

alkaline phosphatase8 6; 25

serum  glutamic a 
oxalacetic transam inase

total protein

globulin*3

cholesterol6

glucose6

u rea  n itrogen0

calcium0

phosphorus0

30; 95;75

2.5

1.0;1.4

55

15

11.2; 6.5

7.6;2 .6

333;272 **

11; 15; 19 

185; 200;195 * 

4.6; 5.1 

1.9;2.3 

75; 90 

15; 15 

0; 4; 3

13.5;11.1; 7.0 

7.4; 6 .0 ;5 .2

*P <  .05 

**P <  .01

units
3
gms p e r 100 ml serum

'mg p e r  100 ml serum  
i
each value rep re sen ts  a pooled serum  
sample from 5 frogs
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Table 8. Stability of the toxic factor (s) produced by  the growth of the 
Flavobacterium s p . in B acto-nutrien t b ro th .

Treatm ent of M illipore F iltered  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 m inutes +

pH 4 - 10 +

Dialysis -
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Table 9. Lethal effects of bacteria l p roducts on bu llfrogs and tadpoles

Number of Deaths out of Five Animals

Preparation Frogs Tadpoles

M illipore F iltered  Broth C ulture

Pseudomonas sp . 5 5

Aeromonas sp . 5 5

C itrobacter freundii 5 5

Flavobacterium  sp . 5 5

Escherichia coli 0 0

CM Chrom atography Fractions 4 and 5

Flavobacterium  sp . 4 5

(900 mg/L ammonia)

Sephadex Chrom atography Fractions 6 and 7

Flavobacterium  s p . 5 5

(20 mg/L ammonia)

CM Chrom atography Fractions 4 and 5

Flavobacterium  sp . 5 5

(no ammonia)
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