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A medium was devised for the rapid presumptive identification of Aeromonas
hydrophila. It also offered good differentiation of Klebsiella, Proteus, and other
enteric species. Mannitol fermentation, inositol fermentation, ornithine decarbox-
ylation and deamination, indole production, motility, and H2S production from
sodium thiosulfate and cysteine could be recorded in a single tube of the medium.

Bacterial species comprising microbial com-
munities in aquatic ecosystems often may be of
public health significance. Usually, selective and
differential media are required for their detec-
tion and enumeration. The principles of such
media are to eliminate species of secondary in-
terest and to select for specific microorganisms.
Unfortunately, most media are not sufficiently
selective for individual species, and additional
biochemical tests must be applied after selection
and purification of isolates before presumptive
identification is possible. Biochemical screening
on a large scale is laborious and time-consuming.
Commercially available miniaturized test kits,
i.e., "mini-tests," such as the API (Analytab
Products, Inc., Plainview, N.Y.), are too expen-
sive for the routine screening of large numbers
of samples, as well as ineffective, in many cases,
for environmental isolates.
During studies of bacterial pathogens and pol-

lution indicator bacteria occurring in Chesa-
peake Bay, an extensive survey of the incidence
and distribution of Aeromonas hydrophila was
undertaken (J. Kaper, H. Lockman, and R. R.
Colwell, Abstr. Annu. Meet. Am. Soc. Microbiol.
1979, N56, p. 188). A. hydrophila has received
increased attention both as an indicator of pol-
lution (13) and as a pathogen (6, 7, 12, 16-19).
The organism has been reported to produce at
least three virulence factors, including entero-
toxin, cytotoxin, and hemolysin (8), and is rec-
ognized to be of public health significance when
found in large numbers in the environment.
Methods for recovery of Aeromonas spp. from
environmental samples have been reviewed re-
cently (R. R. Colwell and J. Kaper, in B. J.
Dutka, ed., Membrane Filtration: Techniques,
Applications and Problems, in press). Most of
the media and procedures presently employed
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for the isolation and enumeration ofAeromonas
spp. are not specific and require a number of
additional biochemical tests for presumptive and
confirmed identification. A specific medium, de-
scribed by Shotts and Rimler (15), is highly
selective and limited in application for natural
environments (unpublished data; V. J. Cabelli,
personal communication).

Strains ofA. hydrophila which are novobiocin
sensitive and lysine decarboxylase positive will
not be detected by this medium. In addition, RS
agar cannot be used to distinguish A. hydrophila
from so-called "group F" or EF6 vibrios (5; I.
Huq, B. R. Davis, R. E. Weaver, G. G. Hollis,
W. T. Martin, and D. J. Brenner, Abstr. 13th Jt.
Conf. Cholera U.S.-Jpn. Coop. Med. Sci. Pro-
gram, p. 82, 1977) which are widely distributed
in the marine and estuarine environments.
These vibrios give reactions identical to those of
A. hydrophila on RS agar and in the API 20
system. Thus, RS agar and the API 20 system
can lead to an inaccurate enumeration of A.
hydrophila in estuarine and marine environ-
ments due to interference by group F vibrios.
Because of the limitations of the medium, as
well as problems encountered with the medium
in the enumeration and identification of Aero-
monas in our laboratory, a multitest medium
was developed to screen for A. hydrophila. For-
tuitously, this medium has also proved useful in
the presumptive identification of Klebsiella and
related Enterobacteriaceae occurring in aquatic
ecosystems.
The A. hydrophila medium (AH medium)

contains (in grams per liter): proteose peptone
(Difco Laboratories, Detroit, Mich.), 5; yeast
extract (Difco), 3; tryptone (Difco), 10; L-orni-
thine hydrochloride, 5; mannitol, 1; inositol, 10;
sodium thiosulfate, 0.4; ferric ammonium citrate,
0.5; bromocresol purple, 0.02; agar, 3. To prepare
the medium, one must thoroughly mix the in-
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gredients in 1 liter of distilled water and adjust
the pH to 6.7. The medium is heated to a boil,
dispensed in 5-ml quantities in tubes (13 by 100
mm), and autoclaved at 121°C for 12 min. Col-
onies of Aeromonas and enteric bacteria can be
picked directly from isolation plates or mem-

brane filters and inoculated into the medium by
stabbing to the base of the tube with a straight
needle. The inoculated tubes are incubated at
35°C for 18 to 24 h, after which reactions are
recorded. For the detection of indole production,
3 to 4 drops of Kovacs reagent are added to each
tube.
The reactions of AH medium are based upon

the principles of the triple sugar iron agar, lysine
iron agar, and motility-indole-ornithine medium
(1). Organisms which ferment mannitol and do
not decarboxylate ornithine will produce an acid
(yellow) butt with a band of purple at the top.
Organisms which are ornithine positive and
either mannitol positive or negative will give an

alkaline (purple) reaction throughout the tube,
because the alkaline decarboxylation reaction
masks any acid produced via mannitol fermen-
tation. Inositol is present at a concentration of
10 g/liter, compared with mannitol, which is
present at a concentration of 1 g/liter, analogous
to that of lactose and dextrose in Kligler iron
agar or triple sugar iron agar. The small amount
of acid that can be produced from 1 g ofmannitol
permits the top of the medium to revert to a
purple color, whereas fermentation of 10 g of
inositol will result in the entire tube turning
yellow. Because of the reduced concentration of
agar included in the medium, i.e., 3 g/liter, mo-
tility can be detected with growth extending
away from the line of inoculation or throughout
the medium only for motile bacteria.
The incorporation of proteose peptone and

yeast extract in the medium enhances hydrogen

sulfide production, and hydrogen sulfide is de-
tected, as in triple sugar iron agar and Kligler
iron agar, by employing sodium thiosulfate and
ferric ammonium citrate as the indicator system.
The production of H2S from thiosulfate is noted
if the butt of the tube turns black. The produc-
tion of H2S from cysteine, but not from thiosul-
fate, can be important in the classification of A.
hydrophila (12). In general, H2S production
from cysteine is indicated by blackening at the
top of the medium, but not in the butt. Tryptone
is included in the medium to test for indole
production. The development of a pink to red
color, after the addition of Kovacs reagent, in-
dicates that the production of indole has oc-
curred. A yellow color signifies that indole is not
present.

Clinical and public health microbiologists, in
general, follow the scheme of Ewing and Hugh
(4) for the identification ofA. hydrophila, which,
however, differs in several respects from that
presented in the 8th edition of Bergey's Manual
of Determinative Bacteriology (14). Further-
more, the key for Aeromonas spp. given in Ber-
gey's Manual differs from other proposed
schemes (11).

In Table 1 are listed the reactions in AH
medium of A. hydrophila and selected spp. of
Enterobacteriaceae. A very distinct, typical
combination of reactions was observed for A.
hydrophila, i.e., a yellow butt with a purple band
at the top, since this species fermented mannitol,
but not inositol, and did not decarboxylate or-
nithine. The color of the butt varied from bright
yellow to yellowish gray. Certain biotypes
ofA. hydrophila may produce H2S from cysteine
(12), detected by observing a slight blackening
only at, or near, the top of the tube. The reaction
is enhanced if the inoculated tube of medium is
held for 48 h. A. hydrophila is described as being

TABLE 1. Reactions of enteric bacteria in AH medium

*No. of Reaction'
Species N.o

strains tested Top Butt Motility H2S Indole
A. hydrophila 700 K A + - +
K. pneumoniae 21 A A - - -
K. oxytoca 9 A A - - +
E. coli 10 K K orAb + or- - +
Salmonella spp. 10 K or A K or A + +
Enterobacter spp. 6 K or N K or N +
Proteus spp. 4 R K or A + + or- +b
Yersinia enterocolitica 2 K or N K or N - - + or -
Citrobacter spp. 2 K A or K + +
Serratia spp. 2 N or K N or K +
' Symbols: K, alkaline reaction; A, acid reaction; R, red; N, bleached neutral color due to the destruction bf

indicator; +, 90% or more positive; -, 90% or more negative.
b The response of individual strains of the species listed may vary as indicated, consistent with biochemical

patterns compiled by Edwards and Ewing (2).
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motile (14) and will produce turbidity through-
out the medium after inoculation and incuba-
tion. However, nonmotile strains may be en-
countered (11) and should be considered. Indole
production is also usually positive for A. hydro-
phila, with the reported incidence of indole pro-
duction among strains of A. hydrophila varying
with the classification scheme employed (4). The
combination of reactions produced by A. hydro-
phila was unique among the facultatively anaer-
obic bacteria that were examined. An occasional
strain of Escherichia coli or Enterobacter ag-
glomerans produced the combination of char-
acteristics for identifying Aeromonas spp., but
the oxidase test readily separated them from the
aeromonads. Alkalinity at the surface permitted
the oxidase test to be done by picking from
growth at the surface of the tube since an acid
reaction on a primary isolation medium will
interfere with the oxidase test (10; A. H. Have-
laar, C. J. Hoogendorp, A. J. Wesdorp, and W.
A. Scheffers, Abstr. 12th Int. Congr. Microbiol.,
p. 159, 1978). The AH medium is also useful in
distinguishing Aeromonas from some of the ox-
idase-positive Vibrio spp. that occur with high
frequency in aquatic environments since, with-
out added sodium chloride, the growth of V.
parahaemolyticus and related halophilic vibrios
will not occur.
AH medium has proved useful in the pre-

sumptive identification of Klebsiella spp. from
both clinical and nonclinical sources. Klebsiella
spp. produce a unique pattern of reactions due
to the production of acid from inositol through-
out the tube. Even though a few strains of Kleb-
siella ozaenae may prove to be exceptions to a
generalization, klebsiellae ferment inositol but
do not decarboxylate ornithine. The pattern of
characteristics for Klebsiella spp., together with
the lack of motility and results in the indole test,
permits the identification of the two Klebsiella
species, Klebsiella pneumoniae and Klebsiella
oxytoca, most frequently encountered both in
the hospital environment and in polluted waters.
AH medium can be used also to separate the

major groups of coliforms, i.e., Klebsiella, En-
terobacter, and E. coli, chiefly on the basis of
motility and indole production (Table 1). Other
enteric species have been found to be readily
differentiated in AH medium. Selected results
are given in Table 1. Reactions of Enterobacter
spp. differ from those of other enterics since a
purple-gray or "bleached" purple color may be
produced throughout the medium, a result of
the combination of inositol fermentation and
ornithine decarboxylation, yielding neither a to-
tally alkaline nor a totally acid reaction, but,
rather, an intermediate coloration due to the

alteration of the bromocresol purple indicator
(9).

Species of Proteus and Providencia produce
a distinct appearance, i.e., a red surface over a
black, alkaline or acid butt, arising from oxida-
tive deamination of the ornithine. As occurs in
lysine iron agar, an orange color is produced
when the bromocresol purple indicator is omit-
ted; the red coloration arises from the combi-
nation of the orange color and the purple indi-
cator (3).

Variations in the basic formula of the AH
medium are possible. For example, agar can be
added to a final concentration of 15 g/liter, and
the medium can be prepared as a slant, render-
ing gas production obvious by the splitting of
the agar. Lactose may be substituted for inositol,
if lactose-negative organisms are sought.
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