Chapter I

Introduction

In Thailand,ulcer disease in catfish caused by Aeromonas

hzdrughila has been known sifice f/ The outbreak of the disease

fish might be almospM00f dead wis {2}-

Various che *Lepeutics eg - s, chloramphenicol and

tetracycline has be# feed additive in many

country, unlike lives le growth promotion effect of

i
chemotherapeutics has not b

ing-given certain antibiotics

(eg- tétfacycline- ra sulfa drug) in 1 __ king water as a disease
prophylaxis | gained 1 ght more raptity @:haﬂ marketable size

much sooner than thosesthat were unfiedicated., Soon it became standard
‘practice in ﬁlumm ﬂqm:im,gl:ilﬁ gin in poultr]Ir is due
to the d esgm of the normdl intestin&l bacterial ¥ora, leaving

more nu ﬁqﬁlﬁ:ﬂ ﬁmEmgbgbmiﬂgﬁ Ealsh are noto-
riously ‘."[acking in normal intestin_;l._i bacteria, no appreciable nutrient
saving is accomplished, thus there is no appreciable weight-gaining
advantage to feeding antibiotics to fish as part of their mormal dist(®).



In Japan it was found that, the use of these drugs had caused
a mark in the frequency of drug-resistant strains. A majority of
these drug-resistant bacteria was found to carry transferable, multi-

drug-resistant R-factors G4 .

Chlortetracycline was widlely tested in fishes, and in contrast

effective for a mumbeg caused by gram-negative
arganisms(?'g).

In Thaila ly used to prevent and
treat various infect#fio . cultured 'f‘ 1eS that may lead to increase

some problems, for e resistant bacteria, the

tetracycline residues O one proves that tetracycline

can prevent the in; e_g;,;:;ﬂ"_{ fas hydrophila causing ulcers in

fishes. ) wvt—“' \,\

| | .
For these Qasuns, it 15 inportant to investigate for solVing

these prohlﬁ Wﬂ%%ﬁ%ﬂfﬂfa selected for

Shnllan SNI0 LB Ao

1. To study the pharmacokinetics of tetracycline when treat
the catfish intraperitoneally, intramuscularly and orally.
2. To investigate the prophylaxis of tetracycline against

the bacterial infection caused by Aeromonas hydrophila in catfish




(Clarias batrachus).

"~ 3, To determine the Minimal Inhibitory Concentration (MIC)

of tetracycline hydrochloride to Aeromonas hydrophila strains isolated

from fishes, water, soil [in"fisli cul:n;i'j._ng ponds), and received from

JaI;an Cniieﬂ:inn of Microorganisms.
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I. Tetracycline

The tetracycline are broad spectrum antibacterial agents,
extracted from species of Streptomyces or produced by chemical
modification of the naturally occurring compounds. There are several

derivatives eg.chlortetracycline, oxytetracycline (Fig. I). All

members of'this class are close

among the various ;*. newer ‘tet
doxycycline, are n . an

.

related chemically. In general,

patterns of bacterial s esistam:e to tetracyclines

are similar, but th in the degree of activity

—
yclines, minocycline and

ompound ).

Figure 1 Struc
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The development of the tetracycline antibiotics was the result
of a systematic screening of soil specimens collected from many parts
of the world for antibiotic producing microorganisms. The first of
these cu:mpnunds, chlurtetracycline., was introduced in 1948. Two

> available. Elucidation of the
chemical structure of these a nts %eﬂ their similarity and
i i ““the ‘ i é third member of this

group, tetracycline,

years. later,oxytetracycline becs

.4 fiew'fanily of tetracyclines
was developed, chla absence of the attached
CH, group presanfl; demethylchlortetracycline,
subsequently, giv cline, became available
for general use in Methat 1 2ol vative of oxytetracycline,
was introduced in 1961 &1 i3l Becamd, available in 1966; and

minocycline in 1972,

LY

1 in 10 of witer 00 ml of amohnl, soluble in methyl

alcohol and i im jﬁﬁﬁmﬁﬁ:ﬁi s and carbonates,

practically i in' a ! o ether. A 1% solution
in wates, h of, 1. M ﬁ.[ ;Iéjgte turbid on

stm&m?m:tahﬁﬁi ‘ ‘:’.I tio EI line.

Solutions for injection are prepared aseptically. Tetracycline HCl

darkens in moist air when exposed to strong sunlight, Its potency is *
reduced in solutions having a pH below 2 and it is slowly deStroyed in
solutions at pH 7 and above. All the tetracyclines are more antibacterially

active in wﬁakly acidic than in alkali madia[‘u] .



Store in airtight containers. It needed for injection, the con-

tainers ' should be sterile and sealed to exclude microorganism.

Protect from light.(ln :

Sometimes it may be desirable to maintain antibiotic prepara-

tions for extended periods of time. No loss in tetracycline activity

has been observed when serum ¢ ine specimens were stored frozen

for periods as long as 6 mg p %/ uld be necessary to freeze
init 12TTy-di 3 \mluted acid, an intermediate

dilution using 0.1 -- b6 H, should be made before

freezing. It is impog#®

tents of the frozen

vessel are melted and an:,r portion is withdrawn,
because some local ‘confeutx ga.oﬁ_. By _“ \ ng freezmg[lz}
Solutions of the Tac < annot be I_stei'ilized by heat,

Jactivity when solutions of the

tetracycline are stenlmﬁ_@,@? filtration. Membrane type filter are

e proble : 1e _sintéred plass filters ma
" g Y

puld be at,the highest

practical mncantratiipn and the f:urst purtion of the solution passing

through the ﬂtﬁ WWE}W Ejr}ﬁféud\usahle to use

Seitz ot Handﬂr filters with ‘wlut:l.ons of the tet:rac lines. a2)

QAR WAV e

the tetracyclines. While there are chemical treatments which effecti-
vely destroy the activity of tetracyclines, they are not satisfactory
if the objective is the quantitative recovery of viable microorganisms
originally present in a preparation. When such a solution is passed

through a 0.4 u membrane filter, followed by three separate 200 ml



rinsed with sterile broth, microorganisms retained on the filter can
be demonstrated if the center portion only of the filter is planted
on a appropriate culture medium. The activity of relatively small
amount of tetracycline antibiotics present in clinical specimen can
be partially reversed and any microorganisms present grown if the
material being subjected to test is inoculated into media containing

relatively large amounts of dro: yes:{m salts. Supplementing

.7H D in the media was

recommended. Alternati dd the specimen to a volume
of culture medium
activity below the

periods longer tha

unit A1)

.AIJ":J-" ”_'
One unit of tetl Contained in 0.00101833 mg of the
second Internatio

L e j
which contains 982 UNit per wmg: Y )

0
(12,13,14,15, f]’1? 13 19,20 21) IU

L GUEANTNNNT e e
TR 3R e Rl

assay and radioimmunoassay (RIA) are sensitive (especially RIA, the

(1970). of Tetracycline HC1

sensitivity is 1 ng/ml). HPLC, fluorometry and RIA are more specific
than microbiological assay, but they require special equipments.

Microbiological assay is very simple, but lacks specificity.




For microbiological assay, because pH is such a critical factor
in the activity of the tetracyclines,it is important that samples and
standards within a single assay have the same pH during the incubation
period. In most instance this is accomplished when the solutions are

diluted to the desired antibiotic level with buffer. The microbiological

assay methods in general use tnday are not 3pec:|.f1c for any one of the

tetracycline analogs and argnmsms and media may be used

to measure the activity' ta:mmg any of them. While
| — “ —
the same methods may or| al Wacycline do differ in

their activities r is may vary from system

to system. For th that the reference anti-
biotic against whi ; : i ¥ feparation is measured is
the same tetracycl-i A\ 2 'S ecimﬁn.- When several
different tetracyci' fji y les the total activity may

Hiirelative to one of them, but

it should be ranemberedﬁ tm activity relationship may be different

=t fw
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Mechanism of Actic ,10 -2

Tetrm BB UIRF ro s « 10

effect on hacter:m They merely act to ighibit protein synthesis in

suscepEib 1b|orp i ] Wl 14 dendhtid dolehie HAVIES o mitipty

and reproduce. It is thus neccessary for the defense mechanism of

the host to be operative in order to eliminate the infective agent.tﬁ)

The site of action of tetracycline is the bacterial ribosome,

but at least two processes appear to be required for these antibiotics
(10)

to gain access to the ribosome of gram-negative bacteria.



The first is passive diffusion through hydrophilic pores in
_the outer cell membrane. These structures have been specifically
located within protein IA, one of three proteins in the envelope.
Minocycline and perhaps doxycycline are more lipophilic than the other

congeners and pass directly through the lipid layer.

The second, process involﬁas an energy-dependent active

Such transpoft T ix ;541; ¢ protein-carrier.
Although permeation o | '{i graj f"ﬁitive bacteria is
less well understood, Jt rog :fﬁ‘ ' Afﬁg- rgy-dependent system. Once
the tetracyclines Std ;;jﬁv' :rial cell, they inhibit
protein synthesis , bind specifically
to 305 ribosomes. ) *~f§ ; rc ess of aminoacyl t-RNA
to the acceptor site on th:éi__h :xe complex, This prevents the

addition of amino :fidgf R i T 3 again. Only a small

: e inhibitory effect
of the tetracyclinai] oY wﬁshiig. Therefore, it is

probable that t[e rav‘nﬂihl bound altibiotic is responsible for the

MLERIRE RS
s oL SIS

Therefore, the increased accumulation of drug by bacterial

anti-bacteri

cells partially explains the greater susceptibility of bacteria to
inhibition of protein synthesis. However,active transport does not
account for the high sensitivity of various intracellular microorga-

nisms (eg. rickettsia, chlamydia) to tetracycline, and other factors
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appear to be imrulved.(mJ

The tetracyclines are bacteriostatics at blood levelﬁ
achieved with usual doses, High concentrations may be bactericidal

in vitro. Tetracyclines, even in subinhibitory concentrations,

have been shown to reduce the ability of E. coli to adhere to mama-

lian epithelial cells in vitro racyclines do not inhibit cell

organism (eg. Mycoplass iae;

— %
Bacterial Resistan/ il

Several_gpeé' = bacteria, espe @ x_E;_éoli! beta-hemolytic

watl synthesis and thus ax inst cell wall-deficient

streptocnccité.--v= it e S M. o .u-'-?a=l (. liquefaciens (A.
hydrophila), and strai

increasingly resistant

iigella, have become
22)

in the lahoratnry,ﬁr ';bme bacteria may be

induced to syntheslz%,emzymes that %5gra&e the antibiotic. The major

mechanism ufﬁ%tﬂ:’:j WEH[I % Wﬁé}ﬂ %taks of tetracyclines

by the bacteral cell. This Tesults from slteration%h}n the energy-
R RAIRTAURININ YA o
possibl other organisms) may remain sensitive in vitro to minocycline
and doxycycline, because these highly lipid-soluble derivatives may
passively penetrate the resistant bacterial cell wall in sufficient
concentrations to inhibit the drug-sensitive ribosome. The clinical

importance of this observation is unclear. Resistance to one tetracycline
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usually implies resistance to all, except for minocycline’s activity

against S. aureus and doxycycline’s activity against B. fragilis. (22)

Resistance can be transferred from one organism to another by
transfer of small plasmids (circular, self-replicating, extrachromoso-
mal DNA) called R-factors that contain genetic information for the

development of resistance, An R-factor often induces resistance to

several antibiotics simu1ﬂr[-F

T‘ransferahlw : Q[R -factors) have been

detected in Aeromonas g / all curring Assalmonicida strains,
the non-motile, pla nid 5 -

chloramphenicol, tetsficycli ¢ fath ‘gzole are transferable to
In l ) - .

Escherichia coli. s, the-presence of R-factors

has also been detected have markers of resistance

to sulfonamide, tetracy and chloramphenicol. (23)

Antihiﬁtics and other cli rapeutics .are now being used
in many countrief§ “few g—infections 5 ©: 'tL'ired fish. The high

incidence of R- facE cﬁtured fish and fish

ponds is assumed to hayve resulted from the use of chemotherapeutics

s, Siah mﬂ,ug APIEY ﬁwﬂmﬂ S ki

in fish and f:.sh pond water may have come imal

wmccers) Wncdlonif W'}@‘ﬂ Bkt & El

Antimicrobial Action™1)

The group of tetracycline antibiotic.have a broad spectrum
of antimicrobial acti*.;ity. They are active against a large number

of gram-positive and gram-negative pathogenic bacteria, including some
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which are resistant to penicillin, and are mainly bacteriostatic-un

The organisms which are sensitive to tetracyclines in concen-
trations usually achieved in the body during treatment include Bacillus

anthracis, Bu-r:!et'ella.spp., Brucella spp., Escherichia coli, Haemophilus

spp., Klebsiella spp.,Stﬂphxlgcw:Ci, Streptococci, Mycoplasma, Entamoeba

histolytica, Trichomonas véginalis / eponema pallidum and other species,
- x\ |
and certain ricketts' arger. s. Chlamydiae are also

T —

garis, Pseudomonas

are less susceptibffe. e exceptiol Actinomyces spp. _which

are sensitive, fuug

Adverse effect (1

¥
.ﬂ*lﬂ-ua"i Fii

diarrhoea are con .f. aspe::ia.lly wii:h high doSes and most are attributed

E “m“ﬁnmvmmw 8IN3

Oral cand1dias1s, vdvovag:mitﬂ, and prurigys ani occur due

resistant coliform organisms, Pseudomonas spp. and Proteus spp.,
causing diarrhoea. The most serious supra-infection is by resistant
staphylococci, causing a fulminating enteritis with dehydration and,
occasionally, death; this complication is rare,except after abdominal

surgery, especially gastrectomy.
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Therapeutic doses given to patients with renal disease increase
the severity of ureémia with increased excretion of nitrogen and losses
of sodium and development af‘amrexia, nausea, vomiting, and weakness,
accompanied by acidosis and hyperphosphataemia. These effects are
related to the dose and the swwit}r'uf renal impairment and are

probably due to the antianabolic effects of the tetracycline.

&mxicit}r associated with

mnclmhas been reported in

Wenotsly for pyelonephritis,

¥

Severe and someti
fatty changes in the&
pregnant women giv&

and in other patmnts r those given high doses.

Haemolytic eutropenia, and thrombocy-

Vitamin ' defici : LY OCE speclally with prolonged

Tetrac idudns and permanent teeth

causing discoloratien, 4t reduced mineralisation.
They are also deposn:ad in calc:tfymg areas in bone and the nails

5§ 1 A Y 5 = o o

the late stages of pregnancy }etracyclmas interfere with bone g;rnwth

. {5 A EME A 13 ﬁ‘ﬂ““‘ e

a bulgiﬂg fontanelle in infants, has been reported in patimts given

tetréc}rclines >

Allergic reactions to tetracycline and its analogs . have
been reported and cross-sensitisation is common; photosensitivity of
the skin and nails has occurred, especially after demeclocycline,

.
5
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and onycholysis may be associated with n.a:.l discoloration. Local
irritation can occur when tetracyclines are given parenterally and
thrombophlebitis may follow intravenous injections. A Herxheimer-
like reaction has been reporting in patients with relapsing fever

treated with tetracycline.

The use of out-of-date fiefracyclines has been associated with

N/

by polyuria, glycosuri@i;“aeidosis, nohciduria.

type syndrome characterised

These effects

The tetracycl on of doxycycline are
generally contra-indicat with renal impairment. Care
must be taken wpﬁ liver hepatotoxic drugs
should not be giué - ild compounds such as

mﬂsumwwﬁwa s e s

adninisterad%o women duringgthe 1atter half of pregpancy, to nursing
o) T A5 PRGSO B
d1scoloratiun of the child’s teeth may occur. Symptoms of myasthenia
gravis may be exacerbated b}r tetracyclines. Absorption of te‘_trar:yclines
is diminised by milk, alkali, aluminium, hydroxide, and fhe salts of
other trivalent, and divalent cations including calcium, iron, and

magnesium, when these are taken concomitantly.
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Doses of anticoagulants may need to be reduced when patients

are given tetracyclines.

Tetracycline should not be given to patients with known

hypersensitivity of any of this group of antibiotics.

Because of possible antagonism of the action of the penicillins

by predominantly bacteriostat clines it has been recommended

that the two types of mntibio ‘ s; be given concomitantly,
B SS—

especially when a rapi id S necessary.

| irregularly absorbed
from gastro-intestiga _ {fa;r degree sorption is diminished
by the soluble salts/of jdi f+:§;g:- ‘ a". nt metals, with which
tetracyclines form st 1efv : 54 © a variable degree by milk

or food. It has been acyclines should be

given before fool+ \ance the absorption

of tetracycline.

~ AN

produce therapeutically ective plasma concentration of tetracycline
¢ o /s

SERAWIANTTTE ANV TEIR g

Intravefously injections of 250 to 500 mg produce plasma concentra-
tion of 15 to 20 mcg per ml at 0.5 hours falling to 4 to 10 mcg per
ml at 1 to 2 hours, though at 12 hours 1 to 3 mcg per ml may still

be present. Intramuscular doses of 100 mg yield plasma concentra-

tion of up to 2 mcg per ml and 250 mg-doses up to 3.6 mcg per ml

at 3 to 4 hours.(ll}

009576
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In the circulation, tetracycline are bound to plasma proteins
in varying degrees, and figures have been reported ranging from 20 to
35% for n:iyte_tra.cyn::line , from 24 to 65% for tetracycline, and from
41 to 90% fnr demeclocycline. They are widely distributed throughout
the body tissue and fluids. Concentrations in cerebrospinal fluid

are ralativaly low, but may be raised if the meninges are inflamed.

Tetracycl:l.nes nppea:r in the milk o sing mothers where concentra-
tions may be 60% or &- = plasma. They diffuse
across the placenta ¢ w circulation in concen-

small amounts & i al SETS tra-ocular fluids., Tetra-
cyclines are retaj ¥ gites of new be ation and recent

calcification, in fopin sth, and in'some injured soft tissues.{u]

oxyt etrncycl:l.ne ES hou:

ﬂ.ﬂ,,iJﬁﬁﬂﬂﬁ%‘ﬂﬂjﬁmﬁ;ﬁi’ﬁ’
A A

hours. Up to 60% of an intravenous dose and rather less of a dose by
by mouth is eliminated in the urine but only about 10 to 15% of

dose of chlortetracycline is eliminated in the urine.

The tetracycline are excreted in the bile when concentrations

5 to 20 times those in plasma can occur. Since there is some
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reabsorption, complete elimination is slow. Considerable quantities
occur in the faeces after administration by mouth and lesser amounts

after administration by injection. (11)

In cows and ewes, the biological half-life of tetracycline
has been reported to be 5.73 + 0.6 hours, comparable figures reported

for other tetracyclines are axy

gtracycline 4.10 + 0.6 hours,
aéthylchlortetracycline 7.10 #+
1.2 hours, methacycling™osis xyr:}rcline 9.24 + 1.0

jours, niinacyclinam-’— T » DY inomethyl-tetracycline

4.10 + 0.5 hours, £yélineslomethyd. lysine 4.20 + 0.8
hours. (¢4 :

The biologi ycline in dogs (6.02 %
1.51 hours) was shor han' 1} uhd in kows (9.12 + 1.50 hours)

the biological half life

— 13
of tetracyclme in dogs was al: (3-4 hours]'.: )

os Ty 5 ‘#gf_

8% b day; intramuscular,

200 to 500 mg a d@ in 2 to uses;ﬁntrmrennus, 0.1 to

0.2 ml of a 0,5% sofution ﬂaﬂm or sufficient 1% ointnent

i @Mﬂlﬂﬂ N8N
R ARSI MBI B

maximm! of 250 mg, in 2 to 3 divided doses or 25 to 50 mg/kg/day
in 4 divided doses.

Veterinary Dnsetzﬁ)— In general, intramuscular or intravenous,

1 to 5 mg/lb once or twice daily; oral, daily divided in 3 or 4

doses, large animals (nonruminants), 5 to 10 mg/lb and small animals,
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15 to 50 mg/lb.

Administration of drugs in fish(®)

Chemotherapy of bacterial diseases affecting fish has been
attempted by administering antibiotics and other chemical in the

feed, by injection, and by mcurpurat:l.nn of the agents into bath. (6,27)
(29) (30)

Dx}rtetracyclme{ J :u:_-,.‘ E v; and some sulfonamides

have been demonstrated as & treatment of systemic

infections when incw‘ ! va‘, when fish are
anoretic due to di/ 7 \dition

such as observed, i ; e ‘, . dicated feeds are of no
value. Those fish ' : ‘ less aggressive receive little

or no medication, : hea :-; £ ‘ ssive ones probably obtain

rather than as a traatmem;‘j"m
.- «--"":-*.-ﬁ

more damaging ir ong run. St here #rg occasions when it
kl
'nm- of fish at all

have seen, this may be even

may be the n:n'.lljlr

a]ushle stock that is difficult to catch out of

an area for ﬁw{}ﬂ 8m wmﬂ ‘spund cannot be

drained or difing an acute atta.ck of bactenal hnrrhagln septicemia,

e A ] ARG FRTR PH I o o

extensiVe population may be the only workable solution. Dosage

in a complement o

problems also can be encountered with medicated feeds because
environmental temperature changes affect food consumption or because

of leaching of the antibiotic from the feed in water. (27)
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While parenteral administration of antimicrobial agents in
fish assures the proper dosage to all individuals, it requires time
consuming handling of the fish and is not economically _feasihle
unless the fish are very valuable or only a few involved. Handling
may also mechanically damage the skin or spread infections by contact

contamination with handling equi (27)

Intravenous inj

and the most f::f:l.’fh::tT

Unfortunately, it can est of specimens, as

a fish’s body is comp® capillary networks

rather than major vg (the heart § the caudal

artery) lend themse of drugs in the circula-

tory .#:.;«.r:-‘.1:a':111|.cﬁJ
There are some drdWbECES - 4 4# ramuscul ar injection “in fish.
The skin of a fi"sga are thave preat deal of contrac-
‘k 7' B i

ieedle hole is punmched 3 ‘,.; it, it does not
.m'herefm:e, leakage of

the medication back @®ut of the injection site occurs fraquently enough

to be cmiﬁ%&%m&m ﬁw mm—@ injected intra-

musculary a:re not absorbed imto the fish, system rapigly enough to

vo erfletle,| G SF liarl b bedont Pefdod et o e

effect. This is the poikilothermic-nature of the fish and the

seal itself as welg as most

metabolic activity of its muscles rather that to any fault of the
drug. Still other drugs are not absorbed at all and become pockets
of localized overdoses. This causes the cells in the vicinity of the
infection site to die from antibiotic toxicity, resulting in sterile

abscess. Injectable oxytetracycline and some of sulfonamides fall
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into this category. On the other hand, gentamycin works best when

(ﬁ} ; ' . I

- injected intramascularly.

The intraperitoneal method is quite simple. It is only to
insert the needle into visceral cavity and squeeze the plunger. The
drug must be highly absorbable and able to pass through either the

intestinal wall or some oth

ape and absorbed into the fish’s
() //
system, ‘
2 L
T—
Bath trea igtics been used almost

NN
NN

exclusively for c on.{z?} Absorption
through the fish e - ,th-.w,,‘;‘ oF the integument for
treatment in case nge; al hafte ial dised@se is a rather in-
efficient method o e  ._;” .,$\, aexceptions, eg.

(6)

Euranac.

Uses or Traatment.nﬁ='“ ““Lletracycline HC1l or Oxytetra-
_,Er"

- ——

W

L)
il
atis), emphysematous

putrefactiv | i(nﬁ fj" mﬂuhﬁw la tarda),

cycline HC1) : %‘w- ositive ar .=:ffi?ﬂ bacteria, cold-
water disease (.ni_;.‘ hemorrhagic

septicemia, columidris (Chondrococcus colum

furunculosisgBseudomonas, disease of trout, ulcer disease

Conguen BT PPTRIES | 900 SYPEPIR B

(Ichthybpththirius)

Dosgge

1. 3 mg/100-400 gm[ﬁ} or 0.5 mg/120 gm(sz} of fish body

weight as intraperitoneal injection
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#

2. 50-75 mg/kg (6) of fish wai'gh:t per day in food for 10 days
or 750 mg)’kg(n) of fish body weight per day in food for 14 days.

3. 10 ppm in watar'(ﬁ} (not effect against Saprolegnia)

4, 10-20 mg/1 (€) as a long duration bath

5. 5-8 mg/1 (6) as a long duration bath

Withdrawal time(®)

Probably the mpSt wide u@ecmmded of all antibiotics

used in the treatmen ' A.5. law require that its

use must be discontd ' t least 2).da before fish are killed

. X
T

i¥
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II Aeromonas hydrophila

Taxonomy § Characteristics

The genus Aeromonas including in the Family of Vibrionaceae

was divided into 4 species, namely A.hydrophila, A.caviae, A.sobria

and&salmnitlda.( 3) (see t b ,)) 2)

The definition -; d:r ¥1a" )

en in Bergey’s Manual of
systemic Bacteriolog gs:Eram negative straight
rods (0.3-1.0 ¥m i length) ,motile by a
single polar flape 1..., ichus flagella may
occur on solid medi oy | psulated, optimum
growth temperature t agar. (white to buff,
circular and convex the ability to use L~
histidine, L-arabinosefand’ealici 2 carbon sources, the ability
to hydrolyse esculin, in KCN medium, the ability
to ferment salicim Goility TS producs "fj': d acetoin from

glucose, the abiliB sﬁlng, and the mol %

G+ C of the DNA ¢Tan ging drom 5&’62 (G = guanine, C =

srbestesy, ﬂ‘UEI’J NENINEINT

NI

inositol fermentation (-); ornithine decarboxylase (-); growth in 0%
NaCl (+); HZS production from TSI (-) (HZS may be produced by some
strains from cysteine), and motility (+). A multi-test medium was
devised for presumptive identification of A. hydrophila, allowing

determination of all of the above reactions in single tube medium.



Table 1 Differentiation between Aeromonas hydrophila, Aeromonas caviae, Aeromonas sobria, and Aeromonas
|
salmonicida
4. A. salmonicida subsp.
Characteristics

salmonicida achromogenes masoucida

Motility

Monotrichous flagellation in liquid medi;
Lophotrichous flagellation in liquid medi

Coccobacilli in pairs, chains and clumps + + +
Rods in singles and pairs . - "
Brown water-soluble pigment y:? , + - _
Growth in nutrient broth at 37°C ]B . 5 . -
Indole production in 1% peptone water € + Q) + + " + +
Esculin hydrolysis AUEINBNINEING . - :

Symbols; +, tnda_:auir pusiti.’a_q W’Lﬁﬁlﬂ ﬁﬂiu % inmmsiﬂ :

¢?
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Table 1 Differentiation between Aeromonas hydrophila, Aeromonas caviae, Aeromonas sobria, and Aeromonas

salminicida (continued)

4. A. salmonicida subsp.

Characteristics : : ﬁ sobidi
 —— salmonicida achromogenas masoucida

Growth in nutrient broth at 37°C

Indole production in 1% peptone water

Esculin hydrolysis + = +
Growth in KCN broth (Mgller technique) - - =
L-Histidine and L-arginine utilization - = -
L-Arabinose utilization + - +
Fermentation of salicin d d d
Fermentation of sucrose - +* +
Fermentation of mannitol + = +
Breakdown of inositol - = -
Acetoin £rom glucose w—mﬁ%&ﬂ’)ﬂ&lﬂ‘ﬁﬂﬂ’m‘i : : +

Gas from glucose * = +

Hys trom cystotne Qmmnmwnwmaﬂ : : +

Symbos; +, typically pnsitwa; -, typically negative; d, differs among strains.

bz
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Table 2 Other characteristics of motile Aeromonas species.,

(species 1-3) and Aeromonas salmonicida (species)?

Motile i
Characteristics Aeromonas i
Species salmonicida

Oxidase + +
HD; reduced to NO, + +
Lysine decarboxylase) ' d d
Ornithine decarboxylas - -
Arginine dihydrolasg + +
Tryptophan ans phenyl - -
Urease b -
Starch, gelatin, DNA @hd 4;4.;* + +
Tween 80 esterase * +
Citrate (Simmons’) d -
Citrate (Christensen’s d a
Growth in peptonj'??; " , + 4
ONPG test g + d

b “=h

e 315131 ¥ CL: wemT
R YR T N 1A

xylo§e, raffinose and adonitol

- Breakdown of malonate, mucate and D-tartrate - -
Fermentation of glycerol d d
Tetrathionate redutase ' d -

® For symbols see Table I.

b Aberrant strains occur.
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With addition of the cytochrome oxidase (+), gelatinase (+) and
0/129 (2,4 diamino-6,7-diisopropylpteridine) sensitivity (-) tests
the "minimum plexus" of unit characteristics for identification of

A hydrophila was obtained. (%)

Medium for the isolation of Aeromonas hydrophila

Bacterial species ¢ W robial communities in aquatic

ecosystems often may gnificance. Usually,

selective and diffeze gd for their detection

and enumeration. are to eliminate

species of seconda®y pecific microorganisms.

Unfortunately, mo selective for individual

cation is possible, E a (fe8ining on a large scale is

laborious and time

ﬂlrganism has been

reported to ﬂwaﬂ%]mwmﬁﬂh including

enterotoxin, (@ytotoxin, an is recugnised to be of

S TN T I e 8

environient .

indicator of pollution and as pathogen.

Shotts and Rimler [19?3][35} developed a simple medium
called Rimler-Shotts medium (RS medium) for the rapid isolation and
identification A.hydrophila.This medium was effective in presumptive

identification of the strains of A.hydrophila. However, strains of
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Citrobacter which were hydrogen-sulfide-variable could not be separated

from _&. hxdroghila.

Rimler-Shotts medium components

L-lysine-hydrochloride 5 gm.

L-ornithine hydrochloride “ 6.5 gm.

maltose 3D gm.
sodium thiosulfs 6.8 gm.
L-cysteine hy 0.3 gm.
bromothymol 0.03 gm.
ferric ammomfundCitrgte : ‘ 7 0.05 gm.
sodium deo & - 1.0 gm.
novobiocin v f 0.005 gm.
yeast extric A -f.‘ P 3.0 gm.
sodium chlori T ‘ 5.0 gm.
agar 5 13.5 gm.
water q - 1,000 ml
A
The ts were dissolved Dy s_tiaing; pH was adjusted

to 7.0; an was boiled/ for - 1 minute, cooled

i mei D NI HEATS, e e
“"“‘Wﬂmnﬁmmmﬂﬂ'laﬂ

YThe ingredients used in this medium were selected and com-
pounded so as to achieve a maximal acidic (maltose fermentation) or
basic reaction (decarboxylation of lysine or ornithine, or both).
Hydrogen sulfide production was primarily dependent upon the utili-
zation of sodium thiosulfate or L-cysteine hydrochloride, or both,

with ferric ammonium citrate being utilized to help visualize this
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reaction. The inhibitors, sodium deoxycholate, and novobiocin, -
were added to eliminate gram-positive organisms and vihric- Spp.
which may have caused false reactions. The use of novobiocin to
inhibit the growth of Vibrio Spp. minimizes the confusion after
encountered in differentiation of these organism from anaerobic

strains of Ahydrophila.. The balance of the ingredients provide a

nutrient base and chemophysical stEility for the medium.

The cnlc:-ny- ains in RS medium was

yellow caused by m i .. ] t is important that the

medium be ‘incubatec the pnssible growth of

Av.salmonicida wh:ich . mperature: This
organism will producgfa f! k\: colony on RS medium
at reduced temperaturg nee colorgohanges occur due to pH

reactions, colonial gragWth mus i;,- between the 20 th and

-24 th for maximal accurac .
__—.-JMJ;"

e R
ep—

i #

selective and limiTed

diceribed by ShaFie and Rimler is highl
, SLICTIDSC ] 5 ghly
al environment.
Strains of A.hydro E'.IH la which are nnvnb:.m:m sensitive and lysine

s A Y YR s et 1

addition, RS ‘Wedium cannot h? used to distingu:.sh 51 y drophila . -

e @ FHEAR T Y| VRIINR B

d:l.stnﬂlted in the marine and estuarine environment.

Kaper et al (1979) (34) developed a new medium called A.
hydrophila medium (AH medium) for the rapid presumptive identification

of Avhydrophila. It also offered good differentiation of Klebsiella,
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Proteus, and other enteric species. Mannitol fermentation, inositol
fermentitinn, ornithine decarboxylation and deammination, indole
production, motility, and H,S production from sodium thiosulfate
and cysteine could be ﬁcnrdad in a single tube of the medium. (see
table 3.)

AUEININTNYINT
ARIAIATAUNNIINGIAY



Table 3 Reactions of enteric bacteria in AH medium

Reaction
Species

Motility H,S Indole
A. hydrophila - ¢ 5 +
X, pewsctiioy = 5 :
K. oxytoca - - +
E. coli + Oor - - +
Salmonella spp. + + "
Enterobacter spp. + = -
M Spp. + + Or - P
Yersinia enterocolitica = “ + 0T -
Citrobacter spp. + + -
| f uginemiweans -

as:mhuls- K, alkaline rea

e e TS T

b,

patterns compiled by Edwards and Ewing}

The repsonse of mhnﬂual strains of the species listed may vary as indicated, consistent. with biochemical

(36)
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AH medium (in grams per liter) components

proteose peptone 5
yeast extract 3
tryptone 10
L-ornithine hydrochloride 5
mannitol 1
inositol 10
0.4
0.5
bromocresol f u 0.02
3

ghly mix the ingredients
in 1 liter of distill or i'f > t\the pH to 6.7. The medium

: tities in tubes (13 by

100 mm) ,and autur:lmred at 12 % £ gt mi Colonies of Aeromonas
and enteric baet& U-—-1;.:-_i:_:L.-;:.;;:-_-.;4,;-a~i;'\_“'--' isolation plates or
membrane filters and ine _ o by stabbing to the

base of the tube Hlt%.ﬂ straight naadle. The inoculated tubes are

incubated atﬁﬂﬁ {3 ‘ﬁ H WWW@mm CAIINE -1
BV s ) e

and the medium can be prepared as a slant, rendering gas production

obvious by the splitting of the agar. Lactose may be substituted for

inositol, if lactose-negative organisms are sought.

For isolation and enumeration of Ashydrophila, MacConkey

agar with trehalose substituted for lactose in the formulation was
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used by Kaper et al (1981) [33}, because RS agar was found to be too
selective. Incubation was at 35°C for 24 h. Colonies were picked

and the isolates presumptively identified, using a multitest screening
medium (AH medium). Strains which yielded an ' alkaline surface and
an acid butt and were motile were considered, presumptively, to be

Ashydrophila and were tested fumther for cytochromé oxidase(+), gelatin

hydrolysis (+) and sensitivity #//29 (2,4-diamino-6,7-diisopropyl-

numeration of Ashydro-
phila in natural wa and Cabelli.{zn The

complex, primary medj 19y : lose as a fermentable carbohydrate

by an in situ oxidase t < ';_'_" er differentiate A hydrophila

Fporganisms present in fresh-

from other aquatic and terres

=
e

waters. The prir

by about two orders_g

The superiorify=of the mA method over RS medium, when the
latter is usﬁ

i kg d 413 3HbELe) Bl rocoveny of

A+ hydro hilafqz.'jom several factbrs. Firsts the RS medduim was not
dmhﬁq [LISRARVARRATG AN AN R LD 1IQRA TPy

nor was it developed primarily for the quantitative examination of
water samples. Second, the use of novobiocin in the RS medium
eliminates those environmental A.hydrophila which are sensitive to
that antibiotic. Third, the weakly lysine decarboxylase-positive
Ashydrophila strains observed among our environmental isolates may

not be counted on the RS medium, (37)
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The incorporation of vibriostatic agent 0/129 in the mA
medium may impove recovery of Aeromonas spp by the mA method when

estuarine and marine samples are processed. (33)

Aeraﬁ.'::mas infection (33 ’_38 »39)

inhabitants of aquatic envir I ment & rophila has recieved
particular attention because é;:ﬂ: human disease
and economic fish di ! ad from both pulluted
and unpolluted bod » In addition it is
considered to cdfiprige 4 fov -ion 4 £ iormal flora of fishes, as

well as other aqua - Animals plam % At '€an cause infections

and epizootics in afagiegy ‘ iflals, dineluding alligators, turtles,

frogs, snails, snakes| lizards, rept irds, vampire bat, and

Fatal and ﬂ'l

fatal of A. hzdragh:.la Q human have been

reported mﬁﬂmaﬂlﬁﬂ?ﬂﬂ ﬁrﬁﬁical manifestations,

including sepficemia, neningitis, cmeal ulcers, mund infections,

prco S P 4655 TP e e

reported!in both healthy and immunologically compromised hosts. The
center for disease control documented an epidemic of A.hydrophila

nasocomial infections, including two deaths. Aeromonas infection

could occur as a result of contact with water and soil.tss)

From results of laboratory studies,aeromonads are now recogni-

ged to produce entertoxin, haemolysin, endotoxin, and cytotoxin. (33)
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Some strains of Aeromonas induce fluid accumulation in ligated ileal

loops of adult rabbits, comparable to toxigenic strains of Vibrio

cholera. (33)

Formerly, Aeromonas spp. were considered opportunistic

pathogens of low virulence often associated with polymicrobial infection.

‘ vy ed that Aeromonas spp. might
ence (38)

More recent literature, how:

Heat killg

om A hydrophila were

prepared by Sait e produced, after

the injection of th in cat-fish (Clarias
batrachus). The agglufigat .n .p,gi .. B <5 wiiich vere vaccinated
by formalinized vaccin v asting 1!‘.}]’1ng1‘ than in the fish,
vaccinated by the heat dva “iflés Whey also proved that the iﬁmunity

could prevent theé e

¥ 3 of f bydeeph <

Environment effentsm AM and the 1ﬂectmn in fish

mﬁummwm Bbe |4 dyeophita r 58

could grow in tha very wide rdnge of envi®onmental cofidition. A.

oot N AT LU S s AR D ARLL

optimal pH for the all growth was between pH 5 to 11.5. The growth

of Ahydrophila F 588 decreased at the pH 5, or higher than 11.5,
marev&:;:' the all growth was completely stopped at pH 4.0. Sodium
chloride concentration from 0 to 3 percent had no effect on the growth
of this organisms. The organism was severely inhibited when cultivated

in a nutrient broth containing sodium chloride higher than 6 percent.
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The optimal temperature for the growth of A.hydrophila was at 30°c.

A hydrophila could not grow at 8°C and 45°C.,

Water temperature was found to affect significantly the

population size of A.hydrophila in Chesapeake Bay.- Counts were highest

in the summer months and lowest in the winter. The majority of human

W ed in the spring and summer

entrations showed no

infections caused by Aerom
(33)

months.

The effect g

different when the 30°C in the absence or

in the prescence,c ion levels from 0-10

ppm. However the g¥o d at the concentration

of paraquat higher stopped at 200 ppm.{dz}

A hydrophila s “found in healthy fish, and

infected fish.
hydrophila. 4*)

changes, low dissel

infected by A.

xample, temperature

‘Content, waste product

ejﬂfish weak and stress.csg)

mﬂ TR ST p—

nitrogen uhic in a2 nutrient for A Eﬂ!ﬂiﬁlla ) at ﬂq&ﬁ resulted in the

o A ARSI Wk 0.0

casaminn acid plus the inoculation of A, hydrophila F 588 resulted in

form fish and pnll]iant from factories caus

faster infection and:higher fish death than the group without the
inoculation and they found that paraquat was not predisposing cause

Son-4lin infection:of this Eishdiseass. ™)
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