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Abstract 

Cwikova Olga, Alena Hovorkova, O. Mrtz, Iva Steinhauserova and 
Z. Matyas: Aeromonads in SlaUghtered Chickens: Their Species and Pathogenic 
Factors. Acta vet. Brno, 62, 1993: 95-102. 

Washings from 155 eviscerated chicken carcasses coming from 16 agricultural 
co-operatives were examined at 14-day intervals during one yeat. The isolation 
attempts yielded 91 aeromonad strains which were further specified, tested for 
cytotoxicity and examined for pathogenicity for the white mouse. 

Aeromonads were found in 13 (81 %) agricultural co-operatives, being detected 
in 58 (41.4%) out of 140 chickens. 

Examination of the washings detected 36 (39.6%) A. sobria strains, 21 (23.1)% 
A. trota strains, 17 (18.7%) A. hydrophila strains, 9 (9.9%) A. caviae strains and 
8 (8.8) A. jandaei strains. On the respective farms 2 to 3 species were generally found 
in cOmbination. 

Of the 91 strains 89 (97.8%) grew in S-phase, 85 (93.4%) haemolysed blood 
agar and 67 (73.6%) produced cytotoxic effect on tissue culture of MDBK cells. 
Agreement between all these characteristics was found in 63 (69.2%) strains. 

In bioassays the pathogenicity agreed with the results of S-phase -growth in -17 
(77.3%) out of 22 strains, with the results of beta-haemolysis in 16 (72.7%) out 
of 22 strains and with those of cytotoxicity in9 (69.2%) out of 13 strains. Agreement 
between alI these thr~e characteristics was found in 9 (52.9%) out of 17 virulent 
strains. 

As pathogenic were classified 3 out of 4 A. caviae strains, 5 out of 8 A. hydrophila 
strains, 6 out of 8 A. sobria strains (the remaining two strains grew in R-phase) and 
all A. trota strains examined. 

Aeromonads, slaUghter~d chickens, food hygiene 

Only motile aeromonads and then particularly A. hydrophila, A. sobria-and A. caviae, associated'. 
with gastroenteritis, were described as important from the viewpoint of food hygiene (Janda 
et al. 1984). Recently, however, ithas become applfrei:J.fthat some other species, naml'ly A.jandaei 
(Carnahan et al. 1991b), A. veronii (Hickman - Brenner et al. 1987) and possibly also­
A. trota.(Carna,han et al. 1991c) may also be entl;l'Opathogenic. Data on thc;se species are fewer­
in number and none at all have been recorded in this country. 

The only published data on food hygiene-related aeromonads in this country so far have been 
the findings of.i4. hydrophila in faeces (Pauc:kova and Fukalova 1986) and the information 
contained in two reports (Kamenik 1990, Aldova and Schindler 1991). The present study 
on aeromona<ls in slaughtered chickens was therefore. carried out to draw attention to this question. 
in our countrY. 

Relevant published data along this line provide information only on the species A. hydrophila; 
these microorganisms were isolated from pOUltry purchased from retail dealers (palumbo et a1. 
1989) and from refrigerated raw (Nagel et a1. 1960) or cooked pOUltry (Toule and Murphy-
1978). Th¢ pnly study approaching our objective ,is#Ult of Barnhart et al. (1989) who reported 
the recovery of. A. hydrophila from broiler carcasses. Our study is concerned in addition with­
the other aeronionad species and their pathogenic factors. 
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Materials and Methods 

Washings from 155 slaughtered chickens coming from 16 agricultural co-operatives were 
-examined at 14-day intervals during one year. The eviscerated carcasses were put into polyethylene 
bags containing 100 ml 0.1% peptone water and thoroughly shaken. From each washing three 

,dilutions in saline, namely 1 : 10, 1 : 100 and 1 : 1,000, were prepared from which 0.1 ml aliquots 
-were inoculated into two dishes of blood agar and Endo agar. 

Mer 24-hour incubation at 37° C suspect colonies were transferred to semisolid medium and 
-only facultatively a~erobic motile strains were subjected to further examination. Their identifica­
. tion was carried out with two LACHEMA enterotests supplemented with the following tests: 
. growth in broth without NaCl, nitrate reduction, oxidase reaction and gas production in glucose, 
;all of them conducted at 30 "C. The strains were classified essentially according to the classm­
·cation scheme of Carnahan et aI. (1991a) where only the test for resistance to anti\liotics was 
.more or less left out (Table 1). 

The characteristics of pathogenicity under study included in addition to beta-haemolysin 
.(Caselitz and Krebs 1962) growth phase in 0.5% glucose broth (Namdari and Bottone 
1988) and the test for cytotoxicity (Chanter et aI. 1986). In this test the monolayer of embryonic 
·bovine kidney (MDBK) cells was overlaid with nutrient agar and inoculated with the strain tested. 
In positive cases the cYtotoxic effect was seen after as few as 18 hours of incubation at 37°C in 

-the form of variously wide zone of disintegrating monolayer (Fig. 1 and 2). 
For evaluation of these tests reportedlYl'elated directly to enteropathogenicity (Cumberbatch 

-et al. 1979, Burke et a!. 1982) 24 strains were used in bioassays on mice (N amdari and Bottone 
1988). Pairs of mice were inoculated i. p. with doses of 10' microbe cells suspended in 0.5 ml 

'saline; where the result was dubious the bioassay was repeated. Each strain that killed at least 
.50% of the experimental animals was regarded as pathogenic. 

Table 1 
DilrenDtiatlon of the motile aeromODllda (CARNAHAN et al. 1991 - modif.) 

1 ~ j ., 
:§ I 110 ~ 1 Specie. Importance 

'il I B 
0 > III .J UI 

---
+ - + AG - + + A .• oma From stools and blood of hu-

mana ---
+ - + AG - + - A.janillUi From diarrhoeic stools. wounds 

and blood of human. 

+ - + AG + - + A.llydrophila subap. hydrophila Pathogenic for mammals, fishes. 
frolll and mates 

+ - + A + - A. hydrophila subsp. ananoge-.... 
+ - + A + + A. hydtophila subap.·prot.oly-

tic" 

+ - - A + - + A. C"";IU From diarrhoeic stool of child-
ren 

+ - - AG + - A.~hila Pathogenic only for fishes 

+ - - AG - + - A. trota From stool of humans 

+ + + AG + + + A. f)mlnii From diarrhoeic stool of chlid-
ren 

- - + A - + - A.lChuNnii From abaceases. wounds and 
pleural liquid of humans 

• 

• 

• 

• 
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Results 
~ 

Aeromonads were fouiid in 13 (81%) out of the i6 agricultural co-operatives 
in a total of 58 (41.4%) out of 140 chickens examined. The isolation attempts 
yielded 91 .strains. From the sinusoid, curve (Fig. 3) showing'~ percentages 
of eviscerated chickens contaminated with aeromonads during one year it can 
be seen that the contamination was highest in summer months and lowest in winter 
months." , 

THe species spectrum of the strains w~s as follows·,: 36 (39.6%) A. sobria, 
21(23.1%) A. trota, 17 (18.7%) A. hydrophila, 9 (9;9%) A. caviae'and 8(8:8%) 
A. jandaei; On the respective farms (and in 17.4% of the carcasses) aeromonad~ 
of'2 to 3 species were generally found in comb~tion. The number of microbe 
cells, per each species and chicken was 106 to lOS., the average being 5.106 cells~ 

Of the 91 strains 89 (97.9%) grew in S-phase, 85 (93A%) haemolysed blood, 
agar and 67 (73:6%) produced cytotoxic effect on tis&ue culture. Agreement" 
betweeI?- all these ch~acteristics was f~U?d in 63 (69 .. 2%) strains (Tabl€? 2). .,.~ 

Inbloassays on mIce the pathogeniCIty agreed With the results of S-phasC;,'; 
• growth in 17 (77.3%) out of22 strains, with the results of beta-haemolysisjn, 

16 (72.7%) out of 22 strains and with those of cytotoxicity in· 9 (69.2%). ol1t 
of 13 strains. Agreement with the pathogenicity with two positive characteristiC&;, 
(growth in S-phase + haemolysis) was recorded in 17 (85%) out of 20 strains:' 
and with all three characteristics (including cytotoxicity) in9 (81%) out of 11i 
strains. ,. 

• 

• 
Fig. L Negative result of testing for cytotoxicity. Coherent monolayer of MDBK cells. Aero­

monas hydrophiia, strain No.7. 
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Fig. 2. Positive result of testing for cytotoxicity. Disintegration of the lD01\Glay« of MDBK 
ceUs. AeromtmaS /tydrop1U1a, strain No. 10. 

As pathogenic were classified 3 out of 4 A. caviaestrains, 5 out of 8 A. hydro­
philastrains, 6 out of 8 A. sobria straim; (the remaining two strains grew in R­
-phase) and all 3 A. trota strains. 

Discussion 

The use of blood and Endo agar for the isolation attempts was dictated by 
non-existence of a special medium on which all aeromonad species would grow. 
However, thanks to a very rare occurrence of protei in the diluted washings no 
difficulties arose and by transferring the suspect colonies from Endo agar possible 
non-haemolytic strains could also be isolated. 

The diagnostic tests were chosen so as to permit differentiation of the strains 
from related vibria and plesiomonads. As to species characteristics some discor­
dance was recorded more or less only with lysine decarboxylation in the A. jandaei 
- A. sobria group, whereas in A. hydrophila subspecies where this characteristic 
is of paramount importance its operation proved satisfactory. A finding of con­
siderable value is the fact that the species A. trota and A. jan.daei were also de­
tected. 

No difficulties were encountered in testing for cytotoxicity and the choice of 
MDBK cells for tissue culture proved adequate. The agreement of this test with 
the pathogenicity for white mice reached only 69.2% but was only slightly lower 
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Fig. 3. Percentage of eviscerated chickens contaminated with aeromonads during the year. 

Table 2 
Some pathopnic lactora and re.ult. 01 biological experiment. _ mJc:e 

I 

I I 
Hemo- l C~?to-I Died/ 

I I Phase I ~= I c~mo-I Died! 
Strain Phase lysis XlClty /whole Strain lIioty Iwhole 

A,romonen cavia, Aeromonas jmJdtui 

I 

I I I I 29 S + + 3/4 25 S + + 0/4 
30 S + - 2/2 
55 S - - 0/4 
85 S + - 2/2 Aeromonas tTota 

Aeromonas hydrophila I I 24 S 

\ 

+ + 2/2 
37 S + - I 2/2 
53 S - - i 2/4 

1 S + - 2/2 
7 S + - 2/2 

10 S + + 2/4 Aeromonas sobTia: 
18 S + - 0/4 
19 S + + 3/4 
20 S + + 1/4 2 R + + 0/4 66 S + '+ 3/4 
67 S + + 2/4 12 S + + 2/4 

17 S + + 3/4 
28 R + + 0/4 
31 S + + 3/4 
41 S + + 2/2 
51 S + - 2/4 
81 S + - 2/2 

I , 
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than the results recorded for beta-haemolysis (72.7%) and S-phase growth (77 .3%). • 
The question thus arises as to the conformity between these factors of virulence 
and enteropathOgenicity of the strains as has been repeatedly claimed in the relevant 
ijterature (Cumberbatch et al.~ Burke et al.~ Namdari and Bottone). 
Such conformity was not confirmed by our results~ is not apparent from those 
lieported by Palumbo et al. (19~5) and was rejected by Morgan et al. (1985). 
; For evaluation of possible human health risks posed by an aeromonad strain 

i!n food it is therefore necessary either to assess its enterotoxin production (a process 
Ilrighly demanding as yet) or to identify its species. A. hydrophila~ A. sobria and 
$. caviae in which this toxin was demonstrated (Watson et al. 1985) have been 
~cknowledged as potential enteropathogens. The aetiological role of other aero­
~onad species in diarrhoeal disease has yet to be determined. 
I 

i\eromonady ujatecnych kulat, jejich druhove zastoupeni a patogenni 
: faktory 

i Behem jednQho roku byly ve 14dennich intervalech vysetreny oplachy z evisce- • 
tovanych trupu 155 kufl\t~ pochazejicich ze 16 zemedelskych druzstev. Bylo izo­
iovano celkem i 91 kmenu aeromomid~ jez byly dale specifikovany~ zkouseny na 
~ytotoxicitu a v biologickych pokusech take na patogenitu pro bilou mys. 
. Aeromonady byly nalezeny ve 13 (81 %) zemedelskych druZstvech~ a to u 58 
(41~4 %) ze 140 kurat. 

V oplasich se zjistilo 36 (39~6 %) kmemi A. sobria~ 21 (23~1 %) kmenu A. trota~ 
17 (18~7 %) kmemi A. hydrophila~ 9 (9~9 %) kmenu A. caviae a 8 (8~8 %) kmemi 
A. jandaei. V jednotlivych chovech se vyskytovaly vesmes v kombinacich 2-3 
druhu. 

Z celkoveho poctu kmemi rostlo 89 (97~8 %) v S-fazi~ 85 (93~4 %) hemolyzo­
valo krevni agar a 67 (73~6 %) dalo cytotoxicky efekt na tkanove kultufe bunek 
MDBK. Konformita ve vsech techto znacich soucasne~ bylazjistena u63 (69~2 %) 
kmemi. 
; V biologickych pokusech prokazalo souhlas s. patogenitou uS-faze rustu 17 
(77~3 %) ze 22 kinenu~ u beta-hemolyzy 16 (72~7 %) ze 22 kmenu a u cytotoxicity 
9 (69~2 %) ze 13 kmenu. Konformita ve vsech tfech znacich soucasne~ byla zjistena 
11 9 (52~9 %) ze 17 virulentnich kmenu. 

Podle jednotlivjch druhu se projevily jako patogenni 3 ze 4 kmenu A. caviae~ 
5 z 8 kmenu A. hydrophila~ 6 z 8 kmenu A. sobria (zbyle dva rostly v R-fazi) 
a vsechny 3 po~ite kmeny A. trota. 

AspoMoHa,qbl y y60HHbiX I.(bmnSIT, MX n,qe,qCTaBneHMe no BM,qaM 
M naToreHHble CIlaKTopbl 

B TelleHHe. OAHoro roAa B ABYXHeAenbHblX HHTepBanax npOBOAHnH 

I-1CcneAOBaHHSI npoMblBHOH >KHAKOCTH 155 BbJnoTpoweHHblx ~bJnnSiT ).13 

16 cenbcKoxo3SiHcTBeHHbix KoonepaTHBoB. 1I130nHpoBanH B HTore 91. 
WTaMM aspoMoHaA, KOTopble BnocneACTBHH YTollHblnH, npoBepSlilH ~HTO­

TOKCHlIHOCTb H B 6HonorHlIecKHx 3KcnepHMeHTax TaK>Ke naToreHHOCTb 

AnSI 6enoH MbIWH. 

A3pOMOHaAbl' 6blnH YCTaHoBneHbl ~ B 13 (81 %) KoonepaTHBax, a HMeH­

HO Y 58 (41,4 %) H3 140 ~bJnnSiT. 

• 

• 
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• B npOMblBHOH >KHAKOCni 6blno YCTaHoBneHo 36 (39,6 %) WTaMMOB 
A. sobria, 21 (23,1 %) WTaMM A. trota, 17 (18,7 %). uiTaMMoB A hy­
drop hila, 9 (9,9 %) WTaMMOB A. caviae H 8 (8,8 %) WTaMMOB A. jan­
daei. Ha OTAenbHblX nTHlIeBOACTBax OHH 60nbweH 4aCTbIO BCTpe4allHcb 
B KOM6HHallHH 2 - 3 BHAoB. 

1113 o6lqero 4Hcna WTaMMOB 89 (97,8 %) lPacnH B S-ct>a3e 85 (93,4 %) 
reMonH3HpoBanH KPOBSIHOH arap H 67 (73,6 %) OTIIH4anHCbllHTOTOKCH-
4eCKHM 3c:pc:peKToM Ha TKaHeBoH KynbType KneTOK MDBK. KOHC:POPMHOC1'b 
Bcex ynOMSlHYTblX npH3HaKoB oAHoBpeMeHHo 6blna YCTaHoBneHa y 63 
(69,2 %) WTaMMOB. 

B 6HonorH4ecKHx 3KcnepHMeHTax 6blno BblSlsneHo corn aCHe C naTO­
reHHOCTblO y S-c:pa3bl pOCTa 17 (77,3 %) H3 22 WTaMMOB, y6eTa-reMonH-' 
3a - 16 (72,7 0/0) H3 22 WTaMMOB H y lIHTOTOKCH4HOCTH - 9 (69,2 %) 
H3 13 WTaMMOB. KOHC:POPMHOCTb y Bcex Tpex npH3HaKoB. oAHoBpeMeHHo 
t>blna YCTaHoBneHa y 9 (52,9 %) H3 17 BHpyneHTHblx WTaMMOB. 

no OTAenbHblM BHAaM naToreHHblMH OKa3anHCb 3 H3 4 WTaMMOB A, 
• caviae, 5 H3 8 WTaMMOB A. hydrophila, 6 H3 8 WTaMMOB A. sobria 

(OCTaBWHecSi ABa WTaMMa pacnH B R-c:pa3e) H Bce TpH Hcnonb3yeMbie 
WTaMMa A. trota. 

• 

• 

References 

AGGER, W. A.-McCORMICK, J. D . ...:.GuRWITH, M. J.: Clinical and microbiological 
features of Aeromonas hydrophila - associated diarrheia. J. Clin. Microbiol., 21,1985: 909-913 

ALDOvA, E.-SCHINDLER, J.: Rod Aeromonas (Souborny refet4t).(;s. Epidem., 40, 1991: 
177-190 

BARNHART, H. M.-PANCORBO, O. C.-DREESEN, D. W.-SHOTTS, E. B.: Recovery 
of Aeromonas hydrophila from carcasses and processing water in a broiler processing operation 
J. Food Protect., 52, 1989: 646-649 

BURKE, V.-ROBINSON, J.-ATKINSON, H. M.-GRACEY, M.: Biochemical characte­
ristics of enterotoxigenic Aeromonas spp. J. Clin. Microbiol., 15, 1982: 48-52 

CAHILL, M. M.: Virulence factors in motile Aeromonas species (A review). J. of Applied 
Bact., 89, 1990: 1-16 

CARNAHAN, A. M.-BEHRAM, S.-JOSEPH, S. W.: Aerokey II: A flexible key for identi­
fying clinical Aeromonas species. J. Clin. Microbiol., 29, 1991a: 2.843-2.849 

CARNAHAN, A.-FANNING, G. R.-JOSEPH, S. W.: Aeromonas jandaei (formerly geno­
species DNA group 9 A. sorbia), a new sucrose-negative species isolated from clinical speci­
mens. J. Clin. Microbiol., 29, 1991b: 560-564 

CARNAHAN, A. M.-CHAKRABORTY, T.-FANNING, G. R.-VERMA, D.-ALI, A.­
JANDA, J. M.-JOSEPH S. W.: Aeromonas trota sp. n., an .ampicillin-susceptible species 
isolated from clinical specimens. J. Clin. Microbiol., 29, 1990c: 1.206-1.210 

CASELITZ, F. H.-KREBS, D.: "Ober die Tierpathogenitiit von Aeromonas-Stiimmen. Zbl. 
Bakt. I. Orig., 187, 1962: 56 

CHANTER, N. - RUTTER, J. M. - LUTHER, P. D.: Rapid detection of toxigenic Pasteurella 
multocida by an agar overlay method. Vet. Record, 119, 1986: 629-630 

CUMBERBATCH, N.-GURWITH, M. J.-LANGSTON, C.-SACK, R. B.-BRUNTON, 
J. L.: Cytotoxic enterotoxin produced by Aeromonas hydrophila: Relationship of toxigenic 
isolates to diarrhoeal disease. Infect. Immun., 23, 1979: 829-837 

HICKMAN-BRENNER, F. W.-McDONALD, K. L.-STEIGERWALT, G. R.-FANNING, 
G. R.-BRENNER, D. J.-FARMER, J. J.: Aeromonas veronii, a new ornithine decarbo­
xylase positive species that may cause diarrhea. J. Clin. Microbiol., 25, 1987: 900-906 

JANDA, J. M.-REITANO, M.-BOTTONE, E. J.: Biotyping of Aeromonas isolates as a corte­
late to delineating a species-associated disease spectrum. J. Clin. Microbiol., 19, 1984: 44-47 

KAMENiK, J.: Rod Aeromonas a jeho yYznam v hygiene potravin. Veterin8rstvi, 40, 1990: 560 
NAGEL, C. W.-SIMPSON, K. L.-VAUGHN, R. H.-STEWART, G. F.: Microorganisms 

associated with spoilage of refrigerated poultry. Food Technol., 21, 1960: 21-23 



102 

MORGAN, D. R.-JOHNSON, P. C.-du PONT, 1I. L.-'-SATTERWHlTE, J. K.-WOOD, • 
L. V.: LacJt of conelation between known virulence properties of Aeromonas hydrophila and 
enteropathogenicitY for' humans. Infect. and Immunity, SO, 1985: 62-65 . 

NAMDARI, H. - BOTTONE, E. J.: Correlation of the suicide phenomenon in Aeromonas 
species with virulence and· enteropathogenicity. J. Clin. Microbiol., 28, 1988: 2.615-2.619 

NAMDARI, H. - BOTTONE, E. J.: Cytotoxin and enterotoxin production as factors delineating 
enteropathogenicity of Aeromonils caviae. J. Clin. Microbiol., 28, 1990: 1. 796 -1.798 

PALUMBO, S. A.-'-DONNA,'R.-MORGAN-BUCHANAN, R. L.: Influence oftemperature, 
, NaCl, and pH on the growth of Aeromonas hydrophila. J. Food Science, SO, 1985: 1.417 -1.421 

PALUMBO, S. A.-MARIANNE, M.-BENCIVENGO-CORRAL, F.-WILLIAMS, A. C. 
-BUCHANAN, R. L.: Characterization of the Aeromonas hydrqphilagl'o~p isolated from 
retail foods of animal origm. J. Clin. Microbio!., 27, 1989: 854-859 ' 

PAUCKovA, V.-FUKALOvA, A.: Occurence of Aeromonas hydrophila and Aeromonas 
shigelloides in faeces. Zbl. Bakt., A 208, 1968: 212-216 

PQTOMSKI, J.-BURIqJ,,,V.;-:-,,WATSON, I.-GR.\CEY,.M.: Purification of cytotoxic ente-' 
.' rotoxin of Aeromopas sqbtia by use of monoclonal antibodies. J. Med. Microbio!., 23, 1987: 
171-177' . ,,' , , . 

TOULE, G.-MURPHY, '0.: A study of bacteria contaminating refrigerated cooked chicken, 
their spoilage POtencial, and possible origin, J. Hyg., 81,1978: 161-169 

WATSON, I. M.-RQBINSON, J. O.-BUJ,U<E, V.-GRACEY, V.: Invasiveness of Aero­
monas spp. in relation t~ biotype, virulence factors and clinical features. J. Clin. Microbiol., • 
22, 1985: 48-51 ' 

• 

• 




