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Aeromonas hydrophila in Wild-Caught Frogs and 
Tadpoles (Rana pipiens) in Minnesota1
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Summary I Frogs and tadpoles were captured at 14 sites in and near Minnesota during 1978-79 and nearly all 
appeared healthy.Aeromonas hydrophila was isolated from 94 of294 (32cfc) juvenile and adult frogs and from 66 of 104 (63%) 
tadpoles. Of the isolates from frogs and tadpoles respectively, 68% and 47% were from the intestine only, 12c1r and 32'7< were 
from the intestine and other sites, and 20% and 21% were from extraintestinal sites only. Isolations were more frequent from 
frogs collected in March-June than in August-November. Evidence was not found that disease due toAeromonas hydrophila 
was a primary cause of declining Rana pipiens populations in Minnesota. 
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Nf'arly all Rana pipiens used in research are 
caught in the wild (1). Over the last two decades, however, 
there has been a dramatic decline in frog populations in the 
upper Midwest, other parts of the United States (1-5), and 
in Britain (6). Minnesota was a primary collecting site for R 
pipiens, but reduced populations resulted in the state being 
closed for sale ot mature frogs in 1975 (2). 

• The reasons for the apparently diminished 
populations of R pipiens are not known, but loss of wetland 
habitat and toxicity due to pesticides or other chemicals 
have been suggested (1,6). Redleg disease due to Aeromo
nas hydrophila has also been proposed as a factor (3). In a 
1974 Wisconsin study, many sick or dead R pipiens with 
signs ofredleg disease (cutaneous hemorrhages, ulcerated 
skin on toes and feet) were observed in the wild, and A 
hydrophila was isolated (4). While disease apparently 
caused by A hydrophila is commonly reported in captive 
frogs in the laboratory (7-10), the prevalence and signifi
cance of A hydrophila in wild R pipiens populations is not 
well documented, although it has been reported to occur 
spontaneously among amphibians in their native habitat 
(11,12). 

The objective·ofthis study was to establish the 
patterns of occurrence of A hydrophila in wild populations 
of R pipiens in and near Minnesota as a preliminary step in 
the assessment of the importance of A hydrophila as a 
cause of reduced R pipiens populations. 

Materials and Methods 
Collection: Frogs were collected in the spring, 

summer, and fall of 1978 and 1979, beginning with emer
gence from overwintering in lakes (March, 1978 and April, 
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1979\ and ending when frogs began to enter lakes for over
wintering (November, 1978 and October, 1979). The collec
tion sites chosen were areas where frogs were relatively 
abundant based on our experience and that of commercial 
frog-catchers. 

Despite considerable searching, frog populations 
dense enough for appropriate sampling were found only in 
grassy habitats (ditches, lawns, pastures) adjacent to 
streams or lakes with sandy shores bearing sparse to mod
erate (never dense) emergent and submerged vegetation. 
All such habitats were on calcareous glacial drift, the wa
ters of which were somewhat alkaline and strongly domin 
ated by calcium and bicarbonate ions. All sites were adja
cent to agricultural land. Breeding ponds were close to the 
overwinter sites, generally 0.5-1.5 m deep, with abundant 
aquatic macrophytes. Twenty-eight collecting trips were 
made to 14 sites: Sand Hill River near Fertile, Polk Co, 
Minnesota (MN) (3 sites); Block Lake, Otter Tail Co, MN; 
Intersection of Highways 12 and 78, east of Dalton, Otter 
Tail Co, MN; Westport Lake, Pope Co, MN; Cushing Pond, 
Morrison Co, MN; Long Lake, Hennepin Co, MN; White 
Bear Lake, Ramsey Co, MN; Diamond Lake, Kandiyohi Co, 
MN; Cedar Lake, Scott Co, MN; farm pond uear Decker, 
Sherburn Co, MN; Shell Lake, Wisconsin; and an unnamed 
pothole lake in Burke Co, North Dakota. 

Collectors walked the fields of each site; frogs 
that hopped were sighted and captured by hand. The col
lectors wore new disposable plastic gloves which were 
changed after each frog was captured. Tadpoles were cap
tured by nets or seines. Each frog or tadpole was placed in a 
separate autoclaved plastic jar which contained carbon
filtered, autoclaved tap water 2-3 em deep. Water samples 
were taken from overwintering lake sites and breeding 
ponds. The animals were then transported to the 
laboratory. 

Sampling: Specimens were sampled within 48 
hours of capture, except those from distant collection sites 
such as North Dakota. Frogs were killed by cranial and 



spinal pithing and tadpoles by decapitation. Snout-vent 
length was measured, and the sex oflarger frogs was deter
mined. Samples for bacteriologic examination were taken 
aseptically; instruments were cleaned, dipped in 95o/r ethyl 
alcohol, and flamed between each sample from each ani
mal. Skin, muscle, heart blood, and intestine were sampled 
in that sequence from each frog, and skin, muscle, and 
intestine from each tadpole. 

Skin samples of approximately 1 em' were taken 
from the lateral side of frog thighs or from tails of tadpoles. 
Before removal, the area was swabbed with 10% formalin. 
From the underlying area, a muscle sample of approx
imately 0.75 em' was removed. Blood samples were taken 
by inserting a sterilized 18-gauge needle into the exposed 
heart, allowing passive filling of enough blood so that 3-4 
drops could be used for inoculation of media. When this 
procedure was not successful, the entire heart was removed 
and several drops of blood were allowed to fall into the 
culture tube. Intact sections 1.5-2 em long were taken from 
the midgut. 

Bacteriologic examination: Each sample was 
placed in a nutrient broth of peptone meat extract' im
mediately after removal from the animal and incubated for 
24 hours at 30° C. After thorough mixing, approximately 
3 ml from each water sample was inoculated into 10 ml of 
nutrient broth. Broth cultures were then streaked on 
MacConkey agar and incubated at 30° C for 24-36 hours 
after which opaque non-lactose fermenting colonies were 
picked, subcultured on nutrient slants, and incubated for 
2'4 hours at 30° C. Isolates that were oxidase-positive were 
retained for further testing. 

Further biochemical tests were performed by 
standard methods (13,14). Cultures were incubated for 24 
hours at 30° C, except the lysine decarboxylase test which 
was incubated at 37o C. Cultures that were Gram-negative, 
motile, showed fermentation on triple sugar-iron-agar, and 
fermented mannitol, but were negative to lysine decar
boxylase and hydrogen sulfide and failed to ferment malon
ate, dulcitol, and inositol were considered to be A hydrophic 
la (13-15). A.' known culture of A hydrophila' was used as a 
control for each test of all groups of isolates. 

Results 
Health of frogs and tadpoles: Dead or obviously 

ill frogs and tadpoles were rarely seen in the field. Dead 

Table 1 

Isolation of Aerom.ona.s hydrophilia from Rana pipiens by season and sex 

Aeronwnas hydrophila in Rana pipiens 

frogs were occasionally observed on lake bottoms in the 
spring as the ice melted at overwintering sites. Nearly all 
specimens received at the laboratory seemed clinicnlly 
healthy as judged by movements, posture, and skin colora
tion and luster. 

Isolation by site and season: Acromonas hv
drophila was isolated from 94 of 294 (32'7t) frogs and from 
66 of 104 (63%) tadpoles. The intestine was the most com
mon site of isolation. In 75 of94 (80'k) frogs from which it 
was detected, A hydrophila was found in the intestine. In 
64 of 94 (68%), it was found only in the intei:itine. In tad
poles from which it was isolated, A hydrophila was reco
vered from the intestine in 52 of 66 ( 79'7t ). In :n of 6G ( 4 7';; ) 
tadpoles, it was found only in the intestine. Acromonas 
hydrophila was cultured from 34 of 104 (33'7c) samples of 
tadpole skin, but from only 18 of 294 (G<;;) samples of fi·og 
skin. Isolations were made from 5 of 294 (2'/r) samples of 
frog muscle and G of 104 (6%) samples of tadpole muscle. 
The organism was recovered from 12 of294 (4'7t) samples of 
frog heart blood. 

During the spring and early summer (March
June), the organism was isolated from 39 of 85 ( 4G';() frogs; 
while in the late summer and early fall (August
November), it was isolated from 55 of 209 (2G'7t) frogs. 
Frogs collected in August-November were in summer 
foraging areas or in congregations near overwintering 
sites. Frogs collected in March-June were just emerging 
from overwintering sites, or they were ncar breeding 
ponds. Both March-June collection sites had high recovery 
rates of A hydrophila [overwintering sites, 30 of G7 ( 4.5';; l 

frogs; breeding ponds, 9 of 18 (50%)]. 
Isolation by sex: The difference in isolation of A 

hydrophila between male and female frogs was small: .52 of 
137 (38%) males and 27 of 79 (34%) females were infected 
(Table 1). Small frogs were not sexed. 

Isolation by frog size: Seasonal variations in A 
hydrophila isolation were seen in all sizes of frogs, but they 
were less pronounced in the largest frogs <Table 2). The 
organism was cultured less often from the smallest frogs in 
late summer and early fall than from larger frogs. Small 
frogs that overwintered successfully had a rate of infection 
approximating those of larger frogs. 

Isolation by site of collection: Infection rates for 
frogs and tadpoles varied considerably according to. collec
tion site (Table 3) of which only the principal ones are 

Females 

Collection 
season 

Frogs 
collected Number positive·'~ F!, J 

Fmgs 
collected f\.'umher positive i'; 1 

March .June 

August-November 

Total 
(March·Novemberl 

39 

98 

137 

"Number of frogs from which A hydrophilW. was cultured from any site 

'Difco Laboratories, Detroit, MI. . . 
"Stock No 7966. American Type Culture Collectwn, RockVIlle, MD. 

19<48.71 

33133.71 

52138.01 

24 

55 

79 
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Table 2 

Isolation of Aeromonas hydrophilw from Rana pipiens, by season and snout-vent length 

Snout·vent (mm! 

"'60 61-69 d'70 

Collection Frogs Frogs Frogs 
season collected Number positivea (9c) collected Number positive (r~) collected Number positivf' t1 t l 

March .June 21 10147.61 29 16155.21 33 12<:l6.41 

August-November 93 16<17.21 46 16134.81 69 221:ll.91 

Total 114 26122.81 75 32142.71 102 34133.:11 
(March-November) 

•Number of frogs from which A hydrophilw was cultured from any site 

Table 3 

Isolation of Aeromonas hydrophilw from Rana pipiens by collection site 

Frogs Tadpoles 

Number 
Collection site collected Number positive a (<;() 

Number 
collected Number positive ((}(I 

Westport Lake, MN 38 
Fertile, MN 44 
Dalton, MN 7 
Diamond Lake, MN 50 
Block Lake, MN 40 
Cedar Lake, MN 57 
Sherburn Co Pond, MN 17 
Cushing Pond, MN 
Burke Co, ND 24 

•Number of frogs or tadpoles from which A hydrophilw wa' cultured 

listed. These data are difficult to interpret for frogs, how-
-ever, due to the confounding effects of season and frog size. 
Certain sites were only suitable for collection of frogs 
emerging from overwintering. Other sites were suitable 
only for collection of foraging frogs in late summer so that a 
relatively greater proportion of small frogs was collected. 

Isolation from water: Aero monas hydrophila was 
isolated from 1 of 8 (12.5%) water samples taken from 
overwintering lake sites and from 8 of 19 (42%) samples 
taken from breeding ponds. 

Discussion 
Aeromonas hydrophila has long been associated 

with disease in frogs (9,16-18). The disease has been called 
"red-leg" (17), but the signs are not sufficiently consistent 
or specific to justify the term (9). In the present study, dead 
or obviously ill frogs and tadpoles were rarely seen in the 
field, yet A hydrophila was often isolated. The organism 
has been isolated from apparently healthy R pipiens 
(19,20) and from apparently healthy members of other 
species of frogs such as bullfrogs (Rana catesbeiana) 
(10,21). It is difficult to judge the health of a frog by its 
appearance (1,7), and survivability for long periods in the 
laboratory has been suggested as the principal criterion for 
frog health (1). In recent years, apparently healthy frogs 
have died in much greater numbers than formerly follow
ing commercial shipment (1,3). It is not known, however, 
whether decreased survival offrogs in the laboratory signi
fies decreased survivability if these frogs had been left in 
their native habitat. 
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14136.81 

21147.71 
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10120.01 
9122.51 

21136.81 
1()(58.81 

7129.21 

31 
29 

20 

19 

17154.81 

23<79.31 

10150.01 

16184.21 

Collection sites in this study were selected be
cause of the presence of frogs in relatively large numbers, 
so that adequate numbers could be collected. It is possible, 
therefore, that the frogs collected were the survivors of 
unknown factors responsible for decreases in other frog 
populations, and as such may not truly represent the entire 
frog propulation before its apparent decline. The collection 
method may have resulted in a non-representative sample 
of the frog population at each site, as the frogs collected 
were those that hopped when disturbed. These frogs may 
differ in unknown ways from non-hopping frogs. 

In this study, A hydrophila was isolated most 
frequently from frogs in the spring months and from tad
poles. In Minnesota, R pipiens overwinters in water deep 
enough not to freeze completely, and as the surface ice 
melts during spring thaw, frogs emerge and migrate to 
shallow breeding ponds (22). Adults leave the breeding 
ponds soon after egg laying, and spend the summer forag
ing in fields and meadows adjacent to marshes, ponds, 
lakes, and streams (22). Young frogs begin to forage outside 
the breeding ponds soon after metamorphosis. In Septem
ber, the frogs start to migrate toward overwintering sites in 
lakes and streams (22). Aeromonas hydrophila, which is 
considered to be a resident aquatic microorganism (15,23), 
was isolated most frequently from the life cycle stages of R 
pipiens most closely associated with water. In temperate 
zones, A hydrophila populations appear to increase with 
warmer water temperatures in the spring and summer, 
and to decrease in the fall and winter (24-26l. The pattern 
of isolation from water in this study was consistent with 
previous findings. . 



It is interesting that whereas tadpoles had the 
highest rate of infection, small frogs collected in the late 
summer (and which had recently undergone metamor
phosis) had the lowest rate of infection. Apparently the 
organism did not persist in R pipiens after the change from 
tadpole to frog. 

Conditions during the overwintering period 
may also contribute to the higher infection rate observed in 
frogs emerging from overwintering sites. During over
wintering, frogs do not feed and are exposed to low temper
atures. Laboratory experiments simulating overwintering 
conditions for R pipiens (19) and R catesbeiana (21) have 
shown that the numbers and variety of types of intestinal 
microflora are greatly reduced. Some strains of A hy
drophila are considered facultative psychrophiles (27), and 
lower temperatures may give A hydrophila and other 
potential pathogens a selective advantage for maintenance 
and survival during overwintering (21). 

Aeromonas hydrophila is often considered to be 
an opportunistic pathogen in frogs and other animals in
cluding man; such stresses as intercurrent disease, spawn
ing, or shipment may precipitate disease (20,28,23,29-31 ). 
Human septicemia has been associated with the combined 
presence of A hydrophila in the intestine and lesions ofthe 
gastrointestinal tract (30,31). Frogs emerging from over
wintering sites appear to be especially vulnerable due to 
the stress associated with overwintering and the apparent 
selection for potentially pathogenic gut microflora discus
sed previously (21,28). 

• The results of this study neither refute nor con-
firm the speculation that disease due to Aeromonas 
hydrophila is responsible for reduced frog populations in 
Minnesota. It has been demonstrated, however, that A 
hydrophila can be isolated from many apparently healthy 
frogs and tadpoles in their natural environment. Others 
have correctly observed that the mere isolation of A hy
drophila from a dead or dying frog is of questionable di
agnostic value (10). We speculate that if A hydrophila is 
associated with declining R pipiens populations in Minne
sota, its importance may be secondary to as yet unidenti
fied primary factors. 

References 
1. Gibbs EL, Nace GW, Emmons ME. The live frog is 

almost dead. Bioscience 1971; 21:1027-34. 
2. McKinnell RG, Gorham E, Martin FE, et al. Increased 

prevalence of mature females bearing pigmented oocytes from 
populations of Minnesota Rana pipiens. Lab Anim Sci 1979; 
29:68-70. 

3. Anonymous. Where have all the frogs gone? Modern 
Med 1973; 41:20-24. 

4. Hine RL, Les BL, Hellmich BF, et al. Preliminary 
report on leopard frog (Rana pipiens) populations in Wisconsin. 
Wisconsin Department of Natural Resources Research Report 81, 
April, 1975. 

5. McKinnell RG, Gorham E, Martin FB, et al. Reduced 
prevalence of the Lucke renal adenocarcinoma in populations of 
Rana pipiens in Minnesota. J Nat Cancer lnst 1979; 63:821-23. 

Aeromonas hydrophila in Rana pipiens 

6.Cooke AS. Indications of recent changes in status in 
the British Isles of the frog (RanJJ temporarial and the tnad (Bufo 
bufo). J Zoot (Landi 1972; 167:161-78. 

7. Nace GW, Culley DD, Emmons MB, c/ a/. Amphi
bians: Guidelines for the Breeding, Care and ManagementofLabom
tory AniTnals. Washington: National Academy of Sciences, 1974. 

8. Reichenbach-Klinke H. Elkan E. The Pnncipal Dis
eases of Lower Vertebrates. New York: Academic Press, 1965. 

9. Gibbs EL, Gibbs TJ, VanDyck PC. Rana plplens: 
Health and disease. Lab Anim Care 1966; 16:142-53. 

10. Glorioso JC, Amborski RL, Amborski GF, et al. Mic
robiological studies on septicemic bullfrogs (Rana calesbeiana l. Am J 
Vet Res 1974; 35:1241-45. 

11. Dusi JL. The natural occurrence of"red-leg" Pseudo
monas hydrophila in a population of American toads. Bufb america
nus. Ohio J Sci 1949; 49:70-71. 

12. Hunsaker D, Potter FE. "Red-leg" in a natural 
population of amphibians. Herpetologica 1960; 16:285-86. 

13. Ewing WH, Hugh R. Johnson JG. Studies on the 
Aeromonas Group, US Department of Health, Education and Wel
fare, Public Health Service, Communicable Disease Center, 1961. 

14. Ewing WH, Hugh R. Aeromonas. In: Lennette EH, 
Spaulding EH, TruantJP, eds. Manual of Clinical Microbiology, 2nd 
ed. Washington: American Society for Microbiology, 1974: 230-37. 

15. Schubert RHW. Aeromonas. In: Buchanan RE, 
Gibbons NE, eds.Bergey's Manual of Determinative Bacteriology, 8th 
ed. Baltimore: Williams and Wilkins Co, 1974: 345-48. 

16. Russell FH. An epidemic, septicemic disease among 
frogs due to the Bacillus hydrophilus fuse us. JAmMed Assoc 1898; 
30:1442-49. 

17. Emerson H, Norris C. "Red-leg" -'An infectious 
disease of frogs. J Exp Med 1905; 7:32-58. 

18. Kulp WL, Borden DG. Further studies on Proteus 
hydrophilus, the etiologic agent in "red-leg" disease of frogs. J Bac
terio/1942; 44:673-85. 

19. Vander Waaij D, Cohen BJ, Nace GW. Colonization 
patterns of aerobic gram negative bacteria in the cloaca of Rana 
pipiens. Lab Anim Sci 1974; 24:307-17. . , 

20. Gibbs EL. Rana pipiens: Health and disease-- How 
little we know. Amer Zool 1973; 13:93-96. 

21. Carr AH, Amborski RL, Culley DD, et a/. Aerobic 
bacteria in the intestinal tracts of bullfrogs maintained at low 
temperatures. Herpetologica 1976; 32:239-44. 

22. Merrell DJ. Life history of the leopard frog, Rana 
pipiens in Minnesota. Occasional Papers: 15. Minneapolis: Bell 
Museum of Natural History, University of Minnesota, 1977. 

23. Hazen TC, Fliermans CB, Hirsch RP, et al. Preva
lence and distribution of Aeromonas hydrophila in the United States. 
Appl Environ Microbiol1978; 36:731-38. 

24. Cabelli VJ, Brezenski FT, Dufour AP, et al. Micro
biological methods for monitoring marine waters for possible health 
effects. Proceedings of seminar on methodology for monitnring the 
marine environment. Washington: US Environmental Protection 
Agency Publication EPA-600/4-74-004, 1974. 

25. Hazen TC. Ecology of Aeromnoas hydrophila in 
a South Carolina, USA, cooling reservoir. Microb Ecol 1979; 
5:179-95. 

26. Seidler RJ, Allen DA, Lockman H, et al. Isolation, 
enumeration, and characterization of Aeromonas from polluted wa
ters encountered in diving operations. Appl Enuiron Microbiol1980; 
39:1010-18. 

27. Rouf MA, Rigney MM. Growth temperatures and 
temperature characteristics of Aeromonas. Appl M icrobiol 1971; 
22:503-{)6. 

28. Shotts EB, Gaines JL, Martin L, et al. Aeromonas 
Induced deaths among fish and reptiles in an eutrophic inland lake. 
JAm Vet Med Assoc 1972; 161:603-{)7. 

29. Trust TJ, Sparrow RAH. The bacterial flora in the 
alimentary tract of fresh-water salmonid fishes. Can J Microbial 
1974; 20:1219-28. 

30. Davis II WA, Kane JG, Garagusi VF. Human Aero
monas infections. A review of the literature and a case report of 
endocarditis. Medicine 1978; 57:267-77. 

31. Ketover BP, Young LS, Armstrong D. Septicemia 
due to Aeromonas hydrophila: Clinical and immunologic aspects. 
J Infect Dis 1973; 127:284-90. 

169 


	magr27832
	magr27833
	magr27834
	magr27835

