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ABSTRACT
The dissemination of resistance determinants, associated with mobile genetic elements, by
horizontal gene transfer is responsible for the increasing antimicrobial resistance of Aeromonas
spp. Phytochemicals are thus being explored as alternatives to the use of antimicrobial agents
since they have antimicrobial, anti-virulence and immuno-stimulating properties. Aeromonads
from fish and aquatic sources were examined for some of their resistance gene array and the
antimicrobial and anti-biofilm effects of phytochemicals were assessed as an alternative
therapeutic avenue. The presence of P-lactam resistance genes (blargy 1 and 2), extended
spectrum B-lactam resistance genes (blaspyy.;, blacrxaris and blacry.r) and integron-associated
genes in multi-drug resistant Aeromonas spp. isolates was investigated using polymerase chain
reaction (PCR). The antimicrobial effect of three phytochemicals, viz; cinnamaldehyde, vanillin
and crude Kigelia africana fruit extracts on multi-drug resistant Aderomonas spp. isolates was
assessed using disk diffusion assays. Anti-biofilm effect of cinnamaldehyde, vanillin, 10%
ethanolic K. africana extract and crude K. africana fruit extracts against A. bestiarum isolates
was investigated using microtiter plate assays. Amongst test isolates, 17.1% (17/99) and 29.2%
(29/99) were positive for blargy (1) and blargy (2), respectively. None of the test isolates were
positive for the extended spectrum B-lactamase SHV gene while three isolates (3.03%; 3/99)
were positive for both CTX-M-I5 and CTX-M genes. The int/ gene was found in 10.1% (10/99)
of test isolates, while 23.2% (23/99) had the intll gene, and this was correlated to amplification
of their variable regions CS 10.1% (10/99) and Hep 19.1% (19/99), respectively. The gac, sull
and sulll genes were found in 64.6% (64/99), 29.2% (29/99), and 17.1% (17/99) of test isolates,
respectively. None of the study isolates displayed zones of inhibition with 1 mg/ml
cinnamaldehyde, 100png/ml hexane K. africana extract as well as with all concentrations of
vanillin. Cinnamaldehyde (all concentrations) and K. africana 10 mg/ml methanol extract proved
bactericidal for study isolates. Sub-inhibitory concentrations of cinnamaldehyde (50 and 100
pg/ml) were most effective against A. bestiarum biofilms in the initial attachment and mature
biofilm assays. The blargy was the most prevalent of the B-lactamases and extended spectrum [3-
lactamases genes amongst test isolates. Cinnamaldehyde and K. africana fruit extracts appear to
be promising and sustainable phytochemicals that may be used as alternatives to antimicrobial

agents in aquaculture against Aeromonas spp. and 4. bestiarum biofilms.



LIST OF FIGURES

Figure 1.1: Representation of various mechanisms of bacterial resistance (Levy and Marshal,

Figure 1.2: General organization of an integron and gene cassette (GC) recombination
mechanism. Thelntl1protein catalyzes the insertion (A) and excision (B) of the GC in the
integron, with GC integration occurring at the a#f/ recombination site. In example (A), the
circularized GC3 is integrated in linear form inside the integron platform via a specific
recombination mechanism between the att/ site and the attC3 site of the GC3. GC excision
preferentially occurs between two a#tC sites. In example (B), the GC1 is excised following there
combination between the two attCI and attC3 sites. Pc: gene cassette promoter; attl: integron
recombination site; attCl, attC2, and attC3: attC GC recombination sites; intl: the integrase
gene; GC1, GC2, GC3 are the gene cassettes, and arrows indicate the direction of coding

sequences. (Stalder ef al., 2012) ... e 8

Figure 1.3: Proposed-biofilm associated resistance mechanisms: (1) antimicrobial agents may
fail to penetrate beyond the surface layers of the biofilm. Outer layers of biofilm cells absorb
damage. Antimicrobial agent action may be impaired in areas of waste accumulation or altered
environment (pH, pCO,, pO,, etc). (2) Antimicrobial agents may be trapped and destroyed by
enzymes in the biofilm matrix. (3) Altered growth rate inside the biofilm. Antimicrobial agents
may not be active against non-growing microorganisms (persister cells). (4) Expression of
biofilm-specific resistance genes (e.g., efflux pumps). (5) Stress response to hostile

environmental conditions (Del Pozo and Patel, 2007) ..........ccooiiiiiiiiiiiiiiee 16

Figure 1.4: Schematic outlining of the stages in biofilm development and listing the strategies

aimed at inhibiting and/or disrupting biofilm formation at specific stages (Kostakioti et al., 2013)

Figure 2.1: Agarose gel (1.5%) electrophoresis picture of a typical example of 503 bp blargy
type gene amplicons obtained using primer set (1). Lane 1 was O’GeneRuler™ 100bp DNA
Ladder Plus (Fermentas, Canada); Lane 2 was negative control E. coli ATCC 25922; Lane 3 was

vi



positive control E. coli ATCC 35218; Lane 4 was M63; Lane 5 was M64; Lane 6 was M65; Lane

Figure 2.2: Agarose gel (1.5%) electrophoresis picture of a typical example of 857 bp blargy
type gene amplicons obtained using primer set (2). Lane 1 was positive control E. coli ATCC
35218; Lane 2 was M1; Lane 3 was O’GeneRuler™ 100bp DNA ladder (Fermentas, Canada);
Lane 4 was negative control E. coli ATCC 25922; Lane 5 was M6; Lane 6 was

Figure 2.3: Agarose gel (1.5%) electrophoresis picture of a typical example of 1008 bp blasyy
type gene amplicon obtained using primer set blagyy.;. Lane 1 was O’GeneRuler™ 100 bp DNA
Ladder (Fermentas, Canada); Lane 2 was negative control E. coli 25922; Lane 3 was positive
control K. pneumoniae ATCC 700603; Lanes 4 — 11 were eight ESBL producers (M10, M13,
M27, M37, M81, M7, MO4, MOS5) ..ottt sttt sne s 37

Figure 2.4: Agarose gel (1.5%) electrophoresis picture of a typical example of 925 bp blacryaris
and 585 bp blacrx.a gene amplicons obtained using primer sets blacrx.ars and blacry.y. Lane 1
was positive control Salmonella typhimurium; lane 2 was M81; lane 3 was M82; lane 4 was
M88; lane 5 was O’GeneRuler™ 1kb DNA ladder plus (Fermentas, Canada); lane 6 was positive

control Salmonella typhimurium; lane 7 was MS81; lane 8 was M82; lane 9 was

Figure 3.1: Classic integron structure diagram showing gene cassette (cassette 1), capture and

integration by integrase gene int/ at attl site (Gonzalez et al.,2004) .............cooiiiiiiiinn.. 41

Figure 3.2: Agarose gel (1.5%) electrophoresis picture of a typical example of 892 bp intl gene
amplicon obtained using int/ primer. Lanes 1-3 were M42 — M44, lane 4 was M45, lanes 5 — 12
were M46 — M53 and lane 13 was O’GeneRuler™ 100 bp DNA Ladder (Fermentas, Canada)..45

Figure 3.3: Agarose gel (1.5%) electrophoresis picture of a typical of 892 bp intl gene amplicon
obtained using in#I primer. Lanes 1 was O’GeneRuler'™ 100 bp DNA Ladder (Fermentas,

vil



Canada); lane 2 was E. coli ATCC 25922; lane 3 was E. coli ATCC 35218; Lane 4 was M1; lane

Figure 3.4: Agarose gel (1.5%) electrophoresis picture of a typical of 467 bp intll gene amplicon
obtained using in#ll primer. Lane 1 was O’GeneRuler™ 100 bp DNA Ladder (Fermentas,
Canada); lane 2 was A. hydrophila ATCC 7966 ; lane 3 was A. caviae ATCC 15468"; lane 4 was
M63; lane 5 was M64; lane 6 was M65; Lane 7 was M66; Lanes 8 — 13 were M67 —

Figure 3.5: Agarose gel (1.5%) electrophoresis picture of a typical of 417 bp sull gene
amplicons obtained using sull primer. Lane 1 was O’GeneRuler'™ 100 bp DNA Ladder
(Fermentas, Canada); Lane 2 was M85; lane 3 was M86; lane 4 was M87; lane 5 was M88; lane
6 was M&9; lane 7 was M90; lane 8 was M91; lane 9 was M92; lane 10 was M93; lane 11 was

Figure 3.6: Agarose gel (1.5%) electrophoresis picture of a typical of 722 bp sulll gene
amplicons obtained using sulll primer. Lane 1 was O’GeneRuler'™ 100 bp DNA Ladder Plus
(Fermentas, Canada); lane 2 was A. hydrophila ATCC 7966"; lane 3 was A. caviae ATCC
15468T; lane 4 was E. coli ATCC 25922; lane 5 was E. coli ATCC 35218; lane 6 was P.
aeruginosa ATCC 27853; lane 7 was P. aeruginosa ATCC 35032; lane 8 was K. pneumoniae
ATCC 700603; lane 9 was M1;lane 10 was M2......cc.coviiiiiiiiiiii i 49

Figure 3.7: Agarose gel (1.5%) electrophoresis picture of a typical of 230 bp gacEAI gene
amplicons obtained using Qac primer. Lane 1 was O’GeneRuler'™ 100 bp DNA Ladder
(Fermentas, Canada); lane 2 was M54; lane 3 was M55; lanes 4 — 6 were M56 — M58; lane 7 was
M59; lane 8 was MO0; 1ane O was MO L. .. ...ttt 50

Figure 3.8: Agarose gel (1.5%) electrophoresis of CS variable regions of ten int/ positives. Lane
1 was A. caviae ATCC 15468"; lane 2 was E. coli ATCC 35218; lane 3 was M26; lane 4 was
M28; lane 5 was M30; lane 6 was M31; lane 7 was M45; lane 8 was O’GeneRuler™ 100 bp
DNA Ladder Plus (Fermentas, Canada); lane 9 was M57; lane 10 was M62; lane 11 was M63;
lane 12 was M76; 1ane 13 Wwas MO8 . ... ..ottt e, 53



Figure 3.9: Agarose gel (1.5%) electrophoresis of HEP variable regions of int/l positives. Lane
1 was M1; lane 2 was M6; lane 3 was MS; lane 4 was M11; lane 5 was M14; lane 6 was M17;
lane 7 was M19; lane 8 was M26; lane 9 was M41; lane 10 was M53; lane 11 was M62; lane 12
was M65; lane 13 was O’GeneRuler™ 100 bp DNA Ladder Plus (Fermentas, Canada); lane 14
was M66; lane 15 was M74; lane 16 was M75; lane 17 was M76; and lane 18 was M8&3.......... 53

Figure 4.1: Kigelia africana fruit (lam.) Benth. (Saini ef al., 2009) .............coiiiiiiiiinn.. 59

Figure 5.1: Effect of 50 and 100 pg/ml of cinnamaldehyde on initial attachment of 4. bestiarum
isolates following addition at the time of inoculation, using micro-titre plate assays. Data

represents the mean standard deviations of three replicates on three separate occasions.......... 78

Figure 5.2: Effect of 100 and 250 pg/ml of vanillin on initial attachment of 4. bestiarum isolates
following addition at the time of inoculation, using micro-titre plate assays. Data represents the

mean standard deviations of three replicates on three separate 0ccasions...............oceevvvennnn. 79

Figure 5.3: Effect of 150 and 300 pg/ml 10% ethanol K. africana (PhytoForce) extract in initial
attachment of a. bestiarum isolates following addition at the time of inoculation, using the micro-

L0 (S 0] PN R TSt 80

Figure 5.4: Effect of 0.5, 1, 2 and 4 mg/ml ethyl acetate EX1 K. africana fruit extract on initial
attachment of A. bestiarum isolates following addition at the time of inoculation, using micro-
titre plate assays. Data represents the mean standard deviations of three replicates on three

SEPATALE OCCASIONS . ..t utent ittt ettt et e et et et e et e et e e et e e e et e et et e et et e et e et et e eneeneeaeenne 81

Figure 5.5: Effect of 0.5, 1, 2 and 4 mg/ml dichloromethane EX2 K. africana fruit extract on
initial attachment of 4. bestiarum isolates following addition at the time of inoculation, using
micro-titre plate assays. Data represents the mean standard deviations of three replicates on three

SEPATALE OCCASIONS . ...ttt ettt enteett et et e et et e et e et e e et e e e e et et et e e e e e e e ae et e neene e e eaeenne 82

X



Figure 5.6: Effect of 0.5, 1, 2 and 4 mg/ml methanol EX3 K. africana fruit extract on initial
attachment of A. bestiarum isolates following addition at the time of inoculation, using micro-
titre plate assays. Data represents the mean standard deviations of three replicates on three

SEPATALE OCCASIONS . ..t eut ettt enteett et et et et e et e et et e et e e e e et et e aeeae e e e e a e et enneeneeneeaeenne 83

Figure 5.7: Effect of 0.5, 1, 2 and 4 mg/ml hexane EX4 K. africana fruit extract on initial
attachment of 4. bestiarum isolates following addition at the time of inoculation, using micro-
titre plate assays. Data represents the mean standard deviations of three replicates on three

Yo T2 LSl o Lo o 13 o) 1 1 S 84

Figure 5.8: Effect of 50 and 100 pg/ml cinnamaldehyde on pre-formed biofilm of 4. bestiarum
isolates following addition to 24H biofilm, using micro-titre plate assays. Data represents the

mean standard deviations of three replicates on three separate 0ccasions...............c.eevveeennnn. 88

Figure 5.9: Effect of 100 and 250 pg/ml vanillin on pre-formed biofilm of 4. bestiarum isolates
following addition to 24H biofilm, using micro-titre plate assays. Data represents the mean

standard deviations of three replicates on three separate 0CCasIONS...........covevviuiininninninnn. &9

Figure 5.10: Effect of 150 and 300 ug/ml commercial ethanol K. africana extract (PhytoForce)
on pre-formed biofilm of 4. bestiarum isolates following addition to 24H biofilm, using micro-
titre plate assays. Data represents the mean standard deviations of three replicates on three

SEPATALE OCCASIONIS . ..ttt ettt ettt et et et et e et e et et et e e et et et ettt et e et et e e e e e e eaeenne 90

Figure 5.11: Effect of 0.5, 1, 2 and 4 mg/ml ethyl acetate EX1 K. africana fruit extract on pre-
formed biofilm of A. bestiarum isolates following addition to 24H biofilm, using micro-titre
plate assays. Data represents the mean standard deviations of three replicates on three separate

(o oler: 13 (0) ¢ K PP 91

Figure 5.12: Effect of 0.5, 1, 2 and 4 mg/ml dichloromethane EX2 K. africana fruit extract on
pre-formed biofilm of 4. bestiarum isolates following addition to 24H biofilm, using micro-titre
plate assays. Data represents the mean standard deviations of three replicates on three separate

OCCASIONS . e e vttt et ettt e e e e e e e e e e e e e 92



Figure 5.13: Effect of 0.5, 1, 2 and 4 mg/ml methanol EX3 K. africana fruit extract on pre-
formed biofilm of A. bestiarum isolates following addition to 24H biofilm, using micro-titre
plate assays. Data represents the mean standard deviations of three replicates on three separate

QLo ] ) TP 93
Figure 5.14: Effect of 0.5, 1, 2 and 4 mg/ml hexane EX4 K. africana fruit extract on pre-formed

biofilm of A. bestiarum isolates following addition to 24H biofilm, using micro-titre plate assays.

Data represents the mean standard deviations of three replicates on three separate occasions.....94

X1



LIST OF TABLES
Table 2.1: Antimicrobial agent resistance profiles displayed by Aeromonas spp. isolates
obtained from South African seawater and fish sources (Duma, 2012) ...............cooeviiininn. 26

Table 2.2: Primers used in beta-lactamase and extended spectrum beta-lactamase detection....30

Table 2.3: Beta-lactamase resistance phenotypes and amplification of blazgy gene using primer

sets blargy (1) and blargy, (2) from Aeromonas spp. isolated from fish and seawater..............33

Table 2.4: Species designation analysis of Aeromonas spp. blargy gene positives using primer

sets blargy (1) and blargy 622 36

Table 2.5: Percentages analysis of Aeromonas spp. blargy gene positives using primer sets

blargy (1) and blargy (2) based on source of isolation..............coevviiiiiiiiiiiiiiiiiieeene.. 360

Table 3.1: Primers used in detection of integrons and integron-associated genes. ................ 43

Table 3.2: Characterisation of 4eromonas spp. from fish and seawater isolates based on PCR

amplification of integron and associated integron genes content and their resistance

0] 1157 01077 01 46
Table 3.3: Species designation-based analysis of amplified integron genes......................... 51
Table 3.4: Source of isolation-based analysis of amplified integron genes.......................... 52

Table 4.1: Susceptibility analysis of ninety-three Aeromonas and Plesiomonas spp. study

isolates to phytochemical extracts and standard antimicrobial agents.......................coeoneee 63

Table 4.2: Analysis of percentage resistance of test isolates to phytochemicals used based on

S S S Te e (e T a1 b 110 ) D 65

xil



Table 4.3: Analysis of percentage resistance of test isolates to phytochemicals used based on

SOUICE OF 1SOLALION. . e eeee et ettt e e e e e e 65

Table 4.4: Percentage of isolates with cinnamaldehyde and K. africana extracts activity indices

> 1, relative to ampicillin (AMP10) and tetracycline (TE30) ..........ccoooiiiiiiiiiiii, 66

Table 5.1: Aeromonas bestiarum strains selected for anti-biofilm study of phytochemicals and

crude extracts of K. africana fruit @XtractS...........ouvviiitiiiii i 74

Table 5.2: Effect of phytochemicals and K. africana extracts on initial attachment and pre-

formed biofilm of 4. bestiarum Strains.............c.coiiiiiiiiiiii i, 95
Table 5.3: Percentage biofilm reduction in the presence of phytochemicals and K. africana fruit

extracts on initial attachment (IA) and mature biofilms (MB) of A. bestiarum multidrug

FESISTANCE 1S00AtES. . ottt ettt 97

xiil



TABLE OF CONTENTS

DECLARATION. ...utitiiiitiitiiiiiiuiieittiitietiettttnttaseesessstsssssssssssssssssssssssssssnssnsoes ii
ACKNOWDGEMENTS. .. iitiiiiiiiiiiiiiiiiiiiiiiieiitiiiitiietiettttatisteectesssssscnsssssssascsees iv
ABSTRACT .. utiiiiiiiiiiiiiiiiiiiiitiiiittetietttiatisttttettatsssessatssssssescsssssssssssnssnssssaes \%
LIST OF FIGURES . ....uiititiiiiiiiiiiiiiiiiieiiiiiiutietttniiattescsatsasssssssnssnssssssnssnsas vi
LIST OF TABLES. . ...cctitiiiiiiiiiiiiiiiiieiietiiintiatiesesatsasssssssssasessesssssassssnssnsses xii
CHAPTER 1 INTRODUCTION AND LITERATURE REVIEW......ccccciiiiiiiiiiniininnnnnn 1
1.1, The GeNUS ACTOMOMAS .........onuinii e e et et e eeree e e 1

1.1.1. Aeromonas species in aquatic NVIrONMENTS. .........oovteirieenreeriiiiiereeeeiiennennns 2

1.1.2. Aeromonas species in aquaCUltUre. ...........ouvviiintiiiiiret et et eeere e eaeaas 3

1.1.3. Aeromonas species infections in humans..............cccoceeiiiiiiiiiiiiiiiiie e 4
1.2.  Bacterial antimicrobial T€SIStanCe. ..........ouiitiitiit e 5

1.2.1. Antimicrobial resistance in Aeromonas SPP. «......cvecvceereenirreeeeenneeieieennseenennnnnd

1.2.2. Mobile genetic elements associated with antimicrobial resistance in Aeromonas

] 00 P 7
1.2.2.1. Plasmid-associated antimicrobial resistance in Aeromonas spp.....7
1.2.2.2. Integron-associated antimicrobial resistance in Aeromonas spp...9

1.2.3. Beta-lactam resistance in Aeromonas SPP. «......eeeereereeriicieenniiiineenneiieeneennn. 11

1.2.3.1. Penicillin resistance in 4eromonas SppP......cccceeeeeeeeeineennnennnn. 12
1.2.3.2. Extended spectrum Beta-lactam resistance in Aeromonas spp.....12
1.2.3.3. Metallo-Beta-lactam resistance in Aeromonas spp.........c..c.......13
1.3.  Bacterial biofilm development .......... ... 14
1.3.1. Role of biofilms in antimicrobial resistance.................ocooiiiiiiiiiiiiiininn 15

1.3.2. Biofilm formation by Aeromonas spp..........cceveeieiiiiiiiiinieenienieesieneeeeeeeenn L7

1.3.3. Control of blofilms. ... ..o 17
1.3.3.1. The use of phytochemicals in biofilm control..........................19
1.3.3.2. Antimicrobial potential of phytochemicals.............................20
1.3.3.3. Anti-biofilm potential of phytochemicals................................21

1.4.  Rationale of the Study.........coiiiiiiii e 21
O ) o) [Tt 5 A 22
1.6, AIMS Of StUAY ... eii e e e 22

Xiv



CHAPTER 2 CHARACTERISATION OF BETA-LACTAMASE RESISTANCE GENE OF

Aeromonas spp. ISOLATED FROM FISH AND AQUATIC SOURCES...........cuurvveeiruenne 38

2.1 INETOAUCTION. ..ttt e e e e 24

2.2, Materials and Methods. ... ..o 26
2.2.1. Maintenance of bacterial isolates.............ocoiiiiiiiiiiiii e, 26
2.2.2. Genomic DNA isolation and analysis ..............ceiiiiiiiiiiiiiiiiiiiiiienannn, 29
2.2.3. Detection of TEM type beta-lactamase resistance genes ................ceevenene. 29

2.2.4. Detection of extended spectrum beta-lactamase resistance genes ..................31

2.3, R ESUIES . e 31
2.3.1. Identification of TEM type beta-lactamase resistance genes........................ 35
2.3.2. Analysis of TEM type gene content of Aeromonas spp. based on species

designation and source of isolation..............oooiiiiiiiii i 35
2.3.3. Identification of extended spectrum beta-lactamase resistance genes................ 37
24, DISCUSSION. ¢ttt ettt e e 38

CHAPTER 3 IDENTIFICATION OF INTEGRONS ASSOCIATED WITH FISH AND

AQUATIC Aeromonas SPP...ceeceeecieeiieiieeiieiieiieeiatiieeiasiaccsessscessssscssccsscsssssscssssses 40
3.1 INtrOdUCHION. ... e 40
3.2, Materials and Methods. ... ..., 43
3.2.1. Detection of integron and integron-associated components........................... 43
3.2.2. Detection of conserved regions CSand HEP.......................oo, 44
33 R ESUIES . et 44
3.3.1. Identification of integron-associated components................ccevvvveiniennnennnnn. 44

3.3.2. Analysis of integron gene content based on species designation and source of
ISOLATION. L et 50
3.3.3. Identification of conserved regions for «class 1 and 2 integron
POSTEIV S . . vttt ettt ettt ettt et et e et e e et e e e e e e 52

34, DISCUSSION. .t tetttttt ettt ettt 54

XV



CHAPTER 4 CHARACTERISATION OF AQUATIC Aeromonas spp. ISOLATES’
SUSCEPTIBILITY TO PHYTOCHEMICAL COMPOUNDS: CINNAMALDEHYDE,

Kigelia africana AND VANILLIN....ccciiitiiiiiiiiiiiiiiiiiiiiitiiitiiietiittiestosassssssssscsnses 57
410 INEOAUCTION. ...ttt e e e e 57
4.2, Materials and Methods. ...... ..o 60
4.2.1. Maintenance of bacterial isolates..............cooviiiiiiiiii e, 60
4.2.2. Preparation of crude K. africana fruit eXtracts...............ooeviiiiiiiiiiiienienn 61
4.2.3. Phytochemical antimicrobial activity test against study isolates..................... 61
A3, RESUIS. .t 62
4.3.1. Effect of phytochemicals on study isolates.................coooiiiiiiiiiiii i, 62
4.3.2. Analysis of phytochemical effects on Aeromonas Spp...........cccovvvviiiiininnnn. 63
O B F Y11 T ) P 66

CHAPTER 5 ANTIBIOFILM EFFECT OF CINNAMALDEHYDE, VANILLIN AND
CRUDE Kigelia africana FRUIT EXTRACTS AGAINST RESISTANT AQUATIC 4.

bestiarum ISOLATES. ....oiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiittttetosstssssssssssssssssssssnsssnsssnns 70
510 INtrOAUCHION. ... cnt e 70
5.2, Materials and Methods. ..o 72

5.2.1. Bacterial 1S0lates. . .......oiuiie i 72

5.2.2. Effect of phytochemicals on initial attachment (IA) and mature biofilms (MB) of

A. bestiarum 1S0lates. .. ..o 72
5.2.3. Statistical analySes. ........ouiitiiii e 73
5.3 RESUIES. e 73
5.3.1. Effect of phytochemicals on initial attachment (IA) of A. bestiarum isolates
DIOFIIMS . ..t 75
5.3.2. Effect of phytochemicals on mature biofilms (MB) of 4. bestiarum isolates...85
5.3.3. Analysis of percentage biofilm reduction data of A. bestiarum isolates in presence
of phytochemicals/extracts for initial attachment (IA) and mature biofilm (MB)
T2 ) 95
R I 111 13 10 s PP 102
CHAPTER 6 CONCLUSIONS. ..c.uiiitiiiiiiiiiiiiietiettttaiiatiesecsatssssesssssssssssessnssnses 105



REFERENCES. ... utittiiiiiiiiiiiiiiiiiiiiiitiiiiiieiitiittieriactassssctasssscsassasssssssssnssnnsnns

APPENDIX

xvii



CHAPTER ONE
INTRODUCTION AND LITERATURE REVIEW

1.1 The genus Aeromonas

Aeromonas species are Gram-negative bacteria, found in aquatic environments including sewage,
polluted and un-polluted water, sea-water and potable water (Fontes et al., 2011; Igbinosa et al.,
2012). They have even been isolated from raw milk, ice-cream, meat, poultry, vegetables, sea
foods, sediments and soil (Janda and Abbott, 2010; Xanthopoulos et al., 2010 ; Zaky et al.,
2010). This genus belongs to the family Aeromonadaceae along with other genera, viz:,
Oceanimonas, Oceanisphaera and Tolumonas (Igbinosa et al., 2012). Members of the genus
Aeromonas are biochemically characterised into three groups, viz:, Aeromonas hydrophila,
Aeromonas caviae and Aeromonas sobria, which contain a variety of genomospecies (Janda and
Abbott, 2010). The taxonomy of the genus Aeromonas has undergone continual change, due to
extended description of existing species and the addition of newly described taxa (Igbinosa ef al.,
2013). The current classification of the genus Aeromonas is based on DNA-DNA hybridization
and 16S ribosomal DNA relatedness (Fontes ef al., 2011). Currently there are 26 phenospecies
names that have been described in the genus Aeromonas (Beaz-Hidalgo et al., 2013). This list of
species comprises of twelve new species added to the 14 that are already known, i.e., A. tecta, A.
aquariorum, A. bivalvium, A. pisicola, A. fluvialis, A. taiwanensis, A. sanarellii, A. rivuli, A.
simiae, A. molluscorum, A. diversa and A. dhakensis, which was recently proposed to designate
Aeromonas spp. HG13 (Enteric Group 501) (Fontes et al., 2011).

Aeromonads are straight, cocco-bacillary to bacillary, non-sporing bacteria with rounded
ends measuring 0.3 - 1.0 x 1.0 - 3.5 um across (Parker and Shaw, 2011). Aeromonas species
have an optimum pH range of 5.5 - 9 and optimum sodium chloride concentration range of 0 -
4% (Igbinosa et al., 2012). Many motile strains produce a single polar flagellum, while
peritrichous or lateral flagella may be formed on solid media in some species (Parker and Shaw,
2011). Aeromonas species are divided into two broad groups according to their optimum
temperatures and motility, the mesophilic, motile species with optimum temperatures of 35 — 37
°C typified by A. hydrophila and the psychrophilic non-motile species with optimum
temperatures of 22 - 25 °C typified by 4. salmonicida (Janda and Abbott, 2010). However, there
are some species that can grow at temperature range of 40 - 45 °C (Janda and Abbott, 2010). The

mesophilic motile species such as 4. hydrophila, A. caviae and A. veronii bv sobria are
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associated with human infections while the psychrophilic non-motile species such as A.
salmonicida are associated with fish diseases (Janda and Abbott, 2010; Chuang et al., 2011). 4.
hydrophila and A. veronii have also been implicated in various fish diseases (Janda and Abbott,
2010).

Aeromonas species are facultatively anaerobic, oxidase-positive, catalase-positive,
indole-positive, glucose-fermenting bacteria that are resistant to the 0/129 vibriostatic agent and
are chemoorganotrophic (Parker and Shaw, 2011; Igbinosa et al., 2012). These microorganisms
produce different extracellular hydrolytic enzymes such as arylamidases, esterases, elastase,
amylases, deoxyribonucleases, chitinases, peptidases and lipases (Igbinosa et al., 2012).
Members of the genus Aeromonas have the ability to utilize urease, pectinase, ornithine
decarboxylase, tryptophan and phenylalanine deaminases (Parker and Shaw, 2011). While some
members of this genus have the ability to ferment D-mannitol and sucrose, important
distinguishing qualities from other genera such as Plesiomonas include their inability to grow in
the presence of 6.5% sodium chloride, inability to ferment i-inositol, inability to grow on
thiosulphate citrate bile salts sucrose agar, variable presence of ornithine decarboxylase activities

and the ability to liquefy gelatine (USEPA, 2006).

1.1.1 Aeromonas species in aquatic environments
Members of the genus Aeromonas are known to be autochthonous to aquatic environments, since
they may be isolated from all types of water environments, e.g. rivers, lakes, ponds, seawater,
estuaries, chlorinated drinking water and non-chlorinated drinking water, ground water, waste
water and sewage (Janda and Abbott, 2010). Calhau et al. (2010) detected the presence of A.
media, A. molluscorum, A. sobria, A. veronii, A. salmonicida, A. hydrophila, A. bivalvium, A.
caviae, A. bestiarum, A. popoffii, A. allosaccharophila, A. tecta and A. encheleia in
environmental waters. Carvalho et al. (2012) observed that A. media, A. veronii, A. salmonicida,
A. hydrophila, A. caviae, A. bestiarum, A. popolffii, A. allosaccharophila, A. eucrenophila, A.
tecta and A. encheleia are prevalent in surface waters in Portugal. Aeromonas allosaccharophila,
A. aquariorum, A. enteropelogenes, A. eucrenophila, A. hydrophila, A. jandaei, A. media, A.
punctata, A. sanarellii, A. taiwanensis and A. veronii were detected in raw surface water, ground
water, chlorinated and ozonated drinking water (Figueira et al., 2011). In Brazil, A. encheleia, A.
allosaccharophila, A. hydrophila and A. jandaei were detected in wells and collective reservoir

waters used for human consumption (Razzolini et al., 2010). In South Africa, Igbinosa and Okoh
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(2013) detected the presence of 4. hydrophila and A. caviae in fresh and waste waters in the

Eastern Cape Province.

1.1.2 Aeromonas species in aquaculture

Aeromonads are ubiquitous in water environments and as a result form part of the normal micro-
flora of fish and other aquatic animals (Shayo et al., 2012). Aeromonas species are etiological
agents of a variety of infections in fish and their diversity in isolated species from aquaculture
has been studied (Adeleye et al., 2010; Kadlec et al., 2011; Nagar et al., 2011; Sarria-Guzman et
al.,2013; Ye et al., 2013; Vega-Sanchez et al., 2014). A. hydrophila has been reported to be the
species with highest incidence in fish and aquaculture (Adeleye ef al., 2010; Kadlec et al., 2011;
Nagar et al., 2011; Sarria-Guzman et al., 2013; Ye et al., 2013; Vega-Sanchez et al., 2014). This
can be correlated with the increased isolation of A. hydrophila from clinical samples (Shayo et
al., 2012; Ye et al., 2013; Vega-Sanchez et al., 2014). Fish hemorrhagic diseases due to A.
hydrophila are responsible for huge economic losses in aquaculture every year in China (Ye et
al., 2013). Sarria-Guzman et al. (2013) reported the presence of A. veronii, A. hydrophila, A.
salmonicida, A. media, A. punctata, A. sobria, A. caviae and A. allosaccharophila in moribund
cultured Cyprinus carpio. Multidrug resistant A. hydrophila were isolated from commercialized
seafood in Lagos, Nigeria (Adeleye et al., 2010). Vega-Sanchez et al. (2014) observed that A.
hydrophila, A. bestiarum and A. veronii biovar biovar sobria were implicated in hemorrhagic
septicemia and furunculosis of farmed rainbow trout under stress conditions in Mexico. Other
species identified were A. allosaccharophila, A. popoffi, A. salmonicida, A. media and A.
encheleia. Nonmotile A. salmonicida was implicated in a typical furunculosis among salmonids
(Salmo salar) and goldfish ulcers in non-salmonids and have been identified with 4. hydrophila
in cultured fish for consumption and ornamental fish in Germany (Godoy ef al., 2010; Kadlec et
al.,2011). Dias et al. (2012) observed the prevalence of 4. caviae, A. hydrophila, A. veronii, A.
jandaei, A. media and A. aquariorum in ornamental fish from Portugal. Shayo et al. (2012)
observed that motile Aeromonas species A. caviae, A. hydrophila, A. punctata, A. ichthiosmia
and A. veronii were responsible for motile acromonad septicemia (MAS) in tilapia subjected to
elevated water temperatures, decreased oxygen concentration and increased ammonia and carbon
dioxide concentrations. Outbreaks of hemorrhagic diseases in China have been associated with
A. bestiarum, A. hydrophila, A. salmonicida, A. sobria and A. piscicola (Beaz-Hidalgo et al.,
2010).



Nagar et al. (2011) reported the predominance of A. salmonicida and A. veronii bv sobria
among A. hydrophila, A. caviae, A. jandaei, A. trota and A. eucrenophila identified in
commercialised cultured fresh water and marine water fishes from India. Similarly in Brazil A.
allosaccharophila, A. caviae, A. veronii bv sobria, A. hydrophila and Aeromonas spp. were
detected in reared and commercial Thunnus spp., Oncorynchus spp., Centropomus spp.,
Paralichthys spp., and Mycteroperca spp., farmed for human consumption (Da Silva et al.,
2010). Biological films of cultured adult and juvenile abalone (Haliotis discus hannoi) have been
shown to harbour Aeromonas species among other Gram-negative bacteria (Choresca et al.,
2010). Aeromonas spp. were detected in mucus of farmed adult abalone (Haliotis discus hannai)

(Choresca et al., 2010).

1.1.3 Aeromonas species infections in humans
Aeromonads are responsible for gastrointestinal and extraintestinal infections such as
septicaemia and wound infections in healthy and immunocompromised humans (Janda and
Abbott, 2010). Humans usually get infected with aeromonads via contact or consumption of
contaminated water or food (Khajanchi et al., 2010). The role of aeromonads in waterborne
infections has been established with A. caviae and 4. media being the most prevalent (Khajanchi
et al., 2010; Pablos et al., 2010). Aeromonas species that are associated with human
gastroenteritis are 4. caviae, A. hydrophila, A. media, A. bestiarum and A. veronii (biovars
veronii and sobria) (Pablos et al., 2010). Mesophilic species 4. hydrophila, A. caviae and A.
veronii were reported to be responsible for monobacterial bacteremias in humans (Chuang et al.,
2011). Aeromonas trota, A. sobria and A. jandaei have been implicated in gastroenteritis in
humans (Igbinosa et al., 2012). Aeromonas hydrophila, A. caviae and A. veronii biovars veronii
and sobria), A. jandaei and A. schubertii are associated with peritonitis, meningitis, and various
infections of the eye, joint and bone in humans (Janda and Abbott, 2010). Aeromonas caviae, A.
hydrophila, and A. veronii biotype sobria have been associated with opportunistic infections of
humans such as food-borne gastroenteritis, diarrhoea and wound infections (Naviner et al.,
2011). These infections are usually treated with antimicrobial agents, in both humans and
animals, although increasing frequency of occurrences of antimicrobial resistance have been

reported (Janda and Abbott, 2010).



1.2 Bacterial antimicrobial resistance

Antimicrobial resistance is largely the consequence of drug overuse in human medicine and
animal agriculture and is of great public health concern (WHO, 2004). The abuse of
antimicrobial agents in animal, plant and fish farms has contributed immensely to the emergence
of resistant pathogenic and non-pathogenic bacteria (Kiimmerer, 2009). Antimicrobial resistance
is facilitated by the presence of antimicrobial resistance genes (ARG), and it is established that
these genes usually have environmental origins (Lupo et al., 2012; Marti et al., 2013). In
addition to food and animal production farms, hospital effluents have been identified as a source
of these ARGs that eventually get transported and transferred by horizontal gene transfer in
aquatic environments (Picao et al., 2013). Mobilization of these ARGs by genetic elements and
mobile genetic elements (MGE) such as integrons, transposons and plasmids, means that they
can arrive at drinking water supplies, food products and eventually humans (Kiimmerer, 2009;

Lupo et al., 2012; Marti et al., 2013).
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Figure 1.1: Representation of various mechanisms of bacterial resistance (Levy and Marshal,
2004).

There are four main mechanisms of antimicrobial resistance in bacteria, (Fig. 1.1) viz.;
the innate hydrolysing activities of enzymes, e.g., beta-lactamases against antimicrobial agents,

the activities of efflux pumps that expel antimicrobials from cells, the use of DE novo metabolic
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pathways which provides altered cell walls that do not possess active binding sites for
antimicrobials, and a plethora of mutations that lead limitation of antimicrobials to target sites

(Tenover, 2006).

1.2.1 Antimicrobial resistance in Aeromonas spp.

World-wide reports of the members of Aderomonas spp. suggests that aeromonads are readily
developing single or multiple antimicrobial resistance phenotypes (Janda and Abbott, 2010).
Aeromonas spp. are known to be resistant to B-lactams, tetracyclines, quinolones, and second-
and third-generation cephalosporins (Jacobs and Chenia, 2007; Jun et al., 2010; Surek et al.,
2010; Igbinosa and Okoh, 2012).

Matyar et al. (2010) observed that aquatic environments are possible reservoirs of
antimicrobial resistant Aeromonas spp strains. This increases the risk of contamination of surface
waters and ground water (Goni-Urriza, 2000; Huddleston ef al 2006; Hoa et al., 2011), which in-
turn highlights the fact that potable water can be contaminated by these waters and will indeed
transfer antimicrobial resistance to humans and human pathogens (Xi et al., 2009; Pablos ef al.,
2010). Figueira et al. (2011) observed that aeromonads were relevant in the dissemination of
antimicrobial resistance in water environments and A. media and A. punctata were important
environmental reservoirs of quinolone resistance. Figueira ef al. (2011) observed antimicrobial
resistance in aquatic A. caviae, A. hydrophila, A. veronii, A. jandaei and A. allosaccharophila
from Portugal to beta-lactams, cephalosporins and nalidixic acids. Similarly in the Eastern Cape
Province of South Africa, Aeromonas spp. isolated from waste water treatment plants were
observed to be multidrug resistant to beta-lactams, tetracycline, trimethoprim,
sulphamethoxazole and trimethoprim-sulfamethoxazole (Igbinosa and Okoh, 2012).

Jun et al. (2010) observed multi-resistance to amoxicillin/clavulanic acid, ampicillin,
chloramphenicol, tetracycline and trimethoprim-sulfamethoxazole in 4. hydrophila isolated from
farmed Korean Misgurnus anguillicaudautus. Ornamental koi carp (Cyprinus carpio koi) and
common carp (Cyprinus carpio) from Czech Republic were observed to possess 4. hydrophila,
A. sobria and A. veronii sub-species sobria exhibiting resistance to oxytetracycline,
ciprofloxacin, chloramphenicol, spectomycin, oxolinic, streptomycin, florfenicol and
trimethoprim (Cizek et al., 2010).

In Brazil ampicillin, cephalothin and cefazolin resistance was detected in clinical strains

of A. caviae, A. hydrophila, A. veronii bv sobria and Aeromonas spp. from humans with
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diarrhoea (Surek et al., 2010). Obi et al. (2007) also detected multi-drug resistance in A. caviae,
A. hydrophila and A. sobria isolated from clinical samples in the Limpopo Province of South

Africa.

1.2.2 Mobile genetic elements associated with antimicrobial resistance in
Aeromonas spp.

Antimicrobial resistance genes are elements that encode resistance to antimicrobials and may be
passed on to members of the same species through vertical transfer or to different species of
bacteria through horizontal gene transfer via MGEs. Thus antibiotic resistance genes can be
transferred between bacteria in the environment through different MGEs, viz.; plasmids,
integrons and transposons (Akinbowale et al., 2007). Horizontal gene transfer often involves
plasmids, and in Aeromonas spp. antimicrobial resistance has been correlated with the possession

of plasmids and integrons (Palu et al., 2006; Ndi and Barton, 2011).

1.2.2.1 Plasmid-associated antimicrobial resistance in Aeromonas spp.
Plasmid-associated resistance genes have been found to encode for multidrug resistance in
bacteria including quinolone, aminoglycoside and trimethoprim-sulfamethoxazole resistance
(Samaha-Kfoury and Araj, 2003; Poole, 2004). Plasmids with varying molecular weights have
been reported in several strains of Aeromonas spp. High molecular weight plasmids are
responsible for multiple drug resistance in 4. salmonicida (Sorum et al., 2003) and A. hydrophila
(Majumbar et al., 2006) and this resistance could be transferred along with the transfer of
plasmid (Sorum et al., 2003; Casas et al., 2005). In Brazil, human and food aeromonad isolates
have been shown to harbour plasmids (Palu ef al., 2006), while a high prevalence of small (2.3
kb) plasmids has been observed in Malaysian retailed fish (Radu ef al., 2003). These plasmids
offer the greatest source and route of dissemination of antimicrobial resistance genes and their
determinants such as integrons. A. caviae isolated in Brazil displayed resistance to tetracycline
which was associated with presence of a 15 kb plasmid (Palu et al., 2006). A. salmonicida
isolates possessing multi-resistance plasmids have been described globally (Najimi ef al., 2008).
A broad-host range plasmid pRASI1, first isolated from an atypical A. salmonicida, encoded
phenotypic resistance to sulphonamides, trimethoprim, and tetracycline, which were determined
by sull, dfri6 and tetA genes (L’Abee-Lund and Sorum, 2001; Balassiano et al., 2007).

Mclntosh et al. (2008) reported the occurrence of A. salmonicida harbouring a large transferable
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IncA/C plasmid, and nucleotide sequence analysis revealed that the genes encoding the
resistance phenotypes were organized into three separate resistance cassettes. These cassettes
were a class I integron containing an aadA7 gene encoding for an aminoglycoside-3'-
adenyltransferase, a cassette with 99% nucleotide sequence homology to a cassette previously
identified in the Salmonella enterica IncA/C plasmid pSN254, containing floR, tetA, sulll and
strA/strB sequences and a third cassette showed 100% nucleotide sequence similarity to a
transposon-like element, containing a blacvy, P-lactamase in association with sugFE and blc

sequences.
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Figure 1.2: General organization of an integron and gene cassette (GC) recombination
mechanism. Thelntl1protein catalyzes the insertion (A) and excision (B) of the GC in the
integron, with GC integration occurring at the attl recombination site. In example (A), the
circularized GC3 is integrated in linear form inside the integron platform via a specific
recombination mechanism between the att/ site and the a#tC3 site of the GC3. GC excision
preferentially occurs between two a#fC sites. In example (B), the GC1 is excised following there
combination between the two attCI and attC3 sites. Pc: gene cassette promoter; attl: integron
recombination site,; attCl, attC2, and attC3: attC GC recombination sites; intl: the integrase
gene; GC1, GC2, GC3 are the gene cassettes, and arrows indicate the direction of coding
sequences (Stalder et al., 2012).

1.2.2.2 Integron-associated antimicrobial resistance in Aeromonas spp.
Integrons are defined as genetic elements that play a key role in the dissemination of resistance

determinants in the environment (Stalder ef al., 2012). They do this through encoding a site-
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specific recombination system that recognises and captures mobile genetic cassettes (Ma et al.,
2011). The integron structure consists of a functional platform (Fig. 1.2) viz.; 5’conserved
segments (CS) and 3°CS, an intl gene encoding an integrase protein, a specific recombination
site attl, and a promoter, Pc (Stalder et al., 2012). Gene cassettes are non-replicable mobile
elements which consist of a 59-base element known as the a#tC recombination site and an open
reading frame (orf) but lacking a promoter (Chang et al., 2007; Stalder et al., 2012). The gene
cassettes are usually located between the 5’CS and 3’CS (Fig. 1.2) within the functional platform
and they consist of one or more antimicrobial resistance genes which leads to the multi-drug
resistance that integrons confer to bacteria (Ma et al., 2011; Lupo et al., 2013). There are over
130 known gene cassettes and most encode antimicrobial resistance (Stalder et al., 2012).
Although not mobile, integrons are often associated with MGEs such as plasmids and
transposons that disseminate them in the environment and among bacteria (Ma et al., 2011; Ndi
and Barton, 2011).

There are five different classes of mobile integrons currently from classes 1 to class 5,
with the class 1 integrons being more prevalent than other classes (Ma ef al., 2011; Stalder et al.,
2012). Class 1 integrons are ubiquitous elements occurring naturally in aquatic and land
environments, and are the most widely distributed among Gram-negative bacteria (Chang ef al.,
2007; Stalder et al., 2012). They have been associated with the evolution and spread of
antimicrobial resistance in clinical Gram-negative bacteria (Chang et al., 2007; Lupo et al.,
2012). The classic structure of class 1 integrons includes the int/ gene, the attl integration site,
the common promoter in the 5°CS and the gacEAI and sull genes in the 3’CS region conferring
resistance to quaternary ammonium compounds and sulphonamides, respectively (Chang et al.,
2007). Clinical isolates containing class 1 integrons are usually similar in gene cassette content
and structure, while those found in environmental isolates are usually varied in terms of gene
cassettes and structure (Stalder et al., 2012). Class 1 integrons are associated with the Tn402-
transposons and it has been established that they originated from environmental bacterial
communities (Lupo et al., 2012).

Class 2 integrons are less prevalent than the class 1 integrons and also have low incidence
in aquatic environments (Stalder et al., 2012). Their basic structure is truncated, as the int/I gene
has a stop codon which means that the class 2 integrons lacks the 5’CS and 3’CS regions (Stalder
et al., 2012). However, their gene cassette area is more stable than the class 1 integrons and

usually consists of dfr41, aadAl, sat?2 and an unknown orfx. Their presence may lead to
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trimethoprim, spectinomycin, streptomycin and streptothricin resistances in bacteria that carry
them. They are associated with Tn7 transposons, which ensure their dissemination (Stalder et al.,
2012).

Class 3 integrons are suggested to be involved in the dissemination of antibiotic
resistance in both clinical and environmental settings and also participating in exchange of
antibiotic resistance gene cassettes (GC) between these two ecosystems (Stalder et al., 2012).
This class of integrons are abundant in aquatic environments, and are usually resistance integrons
(Stalder et al., 2012). In literature only five classes of integrons have been characterised; the
first was detected in a clinical sample, the second was identified in an Enterobacteriaceae strain,
the third and the fourth were both detected in environmental Delftia strains and the fifth was
detected in an Enterobacter cloacae isolate from a hospital effluent (Stalder et al., 2012). In
South Africa Jacobs and Chenia (2007) detected the presence of int[3 gene in an A. veronii
biovar sobria isolate from aquaculture systems. Wen et al. (2012) also detected the presence of
the intl3 gene in Flexneri spp. clinical isolates. Class 3 integrons are characterised as frequently
as class 1 integrons, however when identified, it mediates IMP-1 Metallo-Beta-lactamase
(Stalder et al., 2012).

Class 4 integrons are called super integrons as they contain hundreds of gene cassettes
that encode antimicrobial resistance and adaptations (Stalder ef al., 2012). The presence of class
4 integrons in bacterial chromosomes has been traced back to pre-antibiotics times and in recent
years intISXT has been characterized among Vibrionaceae and Pseudomonas spp. (Stalder et al.,
2012). Class 5 integrons are rarely characterised, and in literature the int/HS has only been
detected once in a Vibrio spp. (Stalder et al., 2012)

In Aeromonas spp., class 1 integrons are most prevalent (Chang et al., 2007; Lee et al.,
2008; Sarria-Guzman et al., 2013) although class 2 have been detected in members of this genus
from different geographical regions (Jacobs and Chenia, 2007; Carvalho ef al., 2012; Maravic et
al., 2013). Chang et al. (2007) observed that many Aeromonas spp. that were integron-positive
were multi-drug resistant to three or more commonly used antimicrobial agents. Sarria-Guzman
et al. (2013) detected the presence of class 1 integrons in A. caviae, A. hydrophila, A. veronii, A.
media, A. salmonicida, A. sobria, A. punctata and A. allosaccharophila isolated from
commercialised fresh fish in Mexico with antimicrobial gene arrays of aadA2, aadAS, dhfrAl7,
dhfrAl, oxa2, blapxa-10 and catB3 conferring resistance to adenylyl transferase, dihydrofolate

reductases, beta-lactamase, oxacillinase and chloramphenicol, respectively. In Portugal,
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Carvalho et al. (2012) detected the presence of both class 1 and 2 integrons from raw water, both
with similar antimicrobial resistance gene arrays, viz.; aadAl, aadA2, dhfrA12, dhfrAl, sat2,
catB8. Jacobs and Chenia (2007) observed that Aeromonas spp. isolates from tilapia, trout and
koi aquaculture systems in South Africa harboured class 1 integrons with gene cassettes
ant(3’’)la, aac(6’)la, dhfrl, oxa2a and/or psel. Lee et al. (2008) observed that dhfrAl and
aadA2 were the most common integron-associated genes encountered in clinical isolates of A.
caviae, A. hydrophila, A. veronii, and A. sobria in Taiwan. The most commonly found genes
among class 1 integrons are the aadA4 genes (Chang et al., 2007; Sarria-Guzman et al., 2013),
which accounts for the prevalent aminoglycoside resistance observed among Aeromonas spp.
isolates. In a study of the occurrence and diversity of integrons and f - lactamase genes among
ampicillin-resistant isolates from estuarine waters, Henriques et al. (2006) detected the presence

of blatgm, blaSHv, blacphA and blaoxa.p in Aeromonas strains.

1.2.3 Beta-lactam resistance in Aeromonas spp.

Bacterial resistance to B-lactams by the expression of B-lactamases is one of the most common
mechanisms of resistance in bacteria. Antimicrobial resistance in Aeromonas species is usually
chromosomally mediated, but B-lactamase production by Aeromonas may occasionally be
encoded by plasmids or integrons (Aravena-Roman et al., 2011). The B-lactamase genes and the
enzymes they encode continuously undergo mutations as a strategy to beat the diversity of -
lactams in use (Samaha-Kfoury and Araj, 2003). These continuous mutations are due to heavy
antimicrobial agent use which has led to the emergence of extended spectrum B-lactamase
enzymes (Samaha-Kfoury and Araj, 2003; Poole, 2004).

Aeromonas spp. isolates are resistant to many -lactams as a result of multiple inducible,
chromosomally-encoded p-lactamases which are under a single mechanism of coordinate
expression (Goni-Urriza et al., 2000). These organisms are able to produce three different f—
lactamases including group 1 molecular class C cephalosporinase, a group 2d molecular class D
penicillinase and a group 3 molecular class B metallo-B—lactamases (Fosse ef al., 2003; Talavera
et al., 2006; Libisch et al., 2008). Different strains of f—lactamase producing Aeromonas spp.
have been grouped into five major classes viz.; A. hydrophila complex strains expressing class B,
C and D B-lactamases, A. caviae strains expressing class C and D B-lactamases, A. veronii group
strains containing class B and D B-lactamases, A. schubertii strains harbouring class D -

lactamases, and A. trota strains with class C B-lactamases. Aeromonas spp. are among the few
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microorganisms harbouring different chromosomal B—lactamase genes including cphA, cepH,

and ampH, encoding for classes B, C and D B-lactamases (Carminato et al., 2007).

1.2.3.1 Penicillin resistance in Aeromonas spp.

In aeromonads, resistance to penicillins are encoded for by blargy native genes, which express
class D penicillinases (Balsalobre et al., 2010). In China, Deng et al. (2014) observed the
presence of blargy gene in A. hydrophila isolated from cultured fresh water fish. The intrinsic
occurrence of blartpv genes in Aeromonas spp. from aquatic environments (Carminato et al.,
2010) points to the possibility of the aquatic environment being the reservoir of these P—
lactamase genes (Henriques et al., 2006; Hernould et al., 2008). The blarg), family B—lactamases
are plasmid-mediated and common among environmental Gram-negative bacteria, particularly
Aeromonas spp. This Bush group 2d penicillinase of f—lactamases confers resistance to narrow
and broad spectrum penicillin resistance penicillin and ampicillin (Janda and Abbott, 2010). The
blargy genes are contained in ampicillin resistance transposons (7nA4), and are associated with
the prevalent 7n/, Tn2 and Tn3 transposons (Tristram et al., 2005; Tristram et al., 2012).

TEM-I B-lactamases have been noted to be the progenitor of TEM-type extended [-
lactamases (ESBL) due to diverse point mutations in the blargy.; gene (Tristram et al., 2005).
Single base mutations are responsible for amino acid substitutions such as glutamate to serine at
position 104, arginine to serine or histidine at position 164, glycine to serine at position 238 and
glutamate to lysine at position 240 which produces the ESBL phenotype in TEM-type genes
(Chroma and Kolar, 2010). These diverse point mutations in the TEM B-lactamases genes has
given rise to enzymes with extended activity against first, second and third generation

cephalosporins in addition to penicillins.

1.2.3.2 Extended spectrum beta—lactam resistance in Aeromonas spp.
The production of extended spectrum B—lactamase (ESBL) genes in Aeromonas species has been
reported (Marchandin et al., 2003; Fosse et al., 2004; Picao et al., 2008; Lu et al., 2010; Girlich
et al., 2011). ESBLs belong to the class A B-—lactamases and confer resistance to penicillins,
aztreonam and first, second and third-generation cephalosporins but are susceptible to
clavulanate and tazobactams (Chikwendu et al., 2011; Chen et al., 2012). Environmental isolates
of A. media and A. hydrophila harbouring ESBLs genes has been described (Picao et al., 2008;

Lu et al., 2010; Girlich et al., 2011) and 4. allosaccharophila, a non-clinical important species,
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was observed to harbour the PER-6 extended spectrum gene (Girlich et al., 2010). Even though
production of ESBLs is not an intrinsic feature of aeromonads (Janda and Abbott, 2010), studies
suggest that environmental Aeromonas spp. could be important reservoirs for ESBL
dissemination (Girlich et al., 2010; Carminato et al., 2010).

In recent years ESBLs derived from the TEM and SHV families are gradually being
replaced by the blacrx.m. The CTX-M enzymes are class A P-lactamases that are able to
hydrolyse cefotaxime more than ceftazidime (Chen et al., 2012). The genus K/uyvera has been
identified as the reservoir of these blacrx.m genes and is known to contain the progenitor of these
ESBLs in their chromosome (Lupo et al., 2011). Kluyvera spp. are known environmental
bacteria, hence the reason why these blactxm genes are increasingly described from
environmental and aquatic isolates (Lupo et al., 2011). The blactx.m genes are classified into five
groups based on aminoacid homology viz.; blactxm.1 blactx-m2 blactxm-s blactx-m-9 and blacrx-
m2s. The blactxm.is gene is the most disseminated ESBLs among Gram-negative bacteria and
have also been detected in fish pathogenic Aeromonas spp. (Ye et al., 2010; Gomez-Garces et
al., 2011). GOomez-garcés detected the presence of blacryas;s in a clinical isolate of A.
hydrophila in Spain and in China clinical isolates of 4. caviae was observed to be a CTX-M-3
producer (Ye et al., 2010). In Croatia Maravic et al. (2013) detected the presence of blactx-m-15
gene in aquatic isolates of 4. caviae and A. hydrophila. In Aeromonas spp. these ESBLs are
usually acquired through horizontal gene transfer mediated by MGEs (Chen ef al., 2012). The
transferability of these extended spectrum P—lactamases genes via horizontal gene transfer is of
public health importance (Ye et al., 2010; Gomez-Garces et al., 2011). Therefore, the prevalence
of these ESBL genes amongst aquatic aeromonads suggests that Aeromonas spp. are possible

agents of dissemination of f—lactamases and ESBLs (Girlich ez al., 2011).

1.2.3.3 Metallo-beta—lactam resistance in Aeromonas spp.
Under selective pressure of certain antimicrobials, emergence of f—lactamase over-expressing
carbapenem resistant Aeromonas spp. has been observed (Libisch et al., 2008). These
carbapenemases are metallo-f—lactamases (MBL), and are located chromosomally in
aeromonads (Sanchez-Cespedes et al., 2009; Chen et al., 2012). They hydrolyze oxyimino-
cephalosporins, cephamycins, carbapenems and monobactams to a lesser extent. They are not
readily inhibited by clavulanate acids (Sanchez-Cespedes et al., 2009). Amongst Aeromonas

spp., the CphA is the most widely described MBL (Chen et al., 2012). The CphA
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carbapenemases have a relatively narrow substrate profile (Libisch et al., 2008) and contain a
zinc ion in its active site (Libisch et al., 2008). The prevalence of CphA in Aeromonas spp. is
species-specific (Chen et al., 2012). Aquatic isolates of 4. veronii and A. caviae were observed
to harbour CphA (Rossolini et al., 1995). Balsalobre et al. (2009) detected the presence of CphA
in aquatic environment isolates of 4. jandaei and A. hydrophila. Ornamental fish isolates of A.
aquariorum have been found to carry these CphA MBLs (Martinez-Murcia et al., 2008).
Although they carry chromosomal Aeromonas MBLs, wild type isolates are categorized as being
susceptible to carbapenems (Neuwirth et al., 2007; Libisch et al., 2008), but on exposure to
certain P—lactamases inhibitors will over-express carbapenemases due to selective pressures
(Libisch et al., 2008; Balsalobre et al., 2009; Sanchez-Cespedes et al., 2009).

Another MBL that is 98% identical to the CphA P—lactamase in terms of amino acid
content is the ImiS B—lactamase (Wu ef al., 2012). It has been detected in clinical isolates of A.
veronii biovar sobria. This has been correlated to imipenem resistance in clinical isolates of
Aeromonas spp. (Tsai et al., 2006) and it also confers resistance to meropenem but susceptibility
to other f—lactam (Sanchez-Cespedes et al., 2009).

Some MBLs have been found to be associated with integrons. Neuwirth et al. (2007) and
Libisch ef al. (2008) observed that blapp-19 and blayiv.a, respectively, were borne-on integrons.
In addition to the three groups of P—lactamases that Aeromonas spp. possess and confer as
resistance to  — lactams, efflux pumps are also involved in the mode of resistance to 3 — lactam

antimicrobials (Henriques ef al., 2006).

1.3 Bacterial biofilm development

Bacterial biofilms are communities of microorganisms that form and grow attached to surfaces,
encased in an exopolysaccharide matrix (Kostakioti et al., 2013). Biofilms may comprise of
single or multiple species colony, such as dental plaque biofilms (Kreth et al., 2008). Bacteria
possess the ability to form biofilms on many surfaces (Kostakioti ef al., 2013). Tthis increases
the detrimental effects of these microbial communities in the medical and industrial settings that
they occur in (Lopez, 2010). For example in food industries, they contribute to biofouling and
normal sanitary procedures are no longer sufficient in eradicating these sessile communities
(Simoes, 2010). In medical settings biofilms can form in hospital hot water systems, dental unit
water lines and domestic shower heads can act as a source of infection in immune compromised

patients (Jacques et al., 2010).
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Biofilm formation is a bacterial survival response to adverse environmental changes,
which consists of five basic stages. The first stage is the initial attachment, here bacteria respond
to nutrient composition and utilizes flagella or chemotaxis in order to overcome surface repelling
hydrodynamic (Lopez et al., 2010; Kostakioti et al., 2013). However this stage is reversible
owing to sheer surface forces that can slough bacteria off desired niches, various surface
properties, nutrient levels, ionic compositions and temperature (Kostakioti et al., 2013).
Adherence to attached surface follows, usually through secreted adhesins or adhesive
appendages such as pilli, curli, fimbriae and antigen 43 (Kostakioti et al., 2013). Successive
adherence leads to the irreversible attachment of bacteria and sessile growth of cells along with
exopolysaccharide (EPS) construction by resident cells can begin. As cells actively multiply and
exchange genetic material such as resistance genes, there is up-regulation of biofilm phenotype
factors that encourage sessility and stabilize biofilms (Fuente-Nunez et al., 2012; Kostakioti et
al., 2013). The mature biofilm community is characterised by different gradients of nutrients,
oxygen and toxic by-products, as a result of active and dead cells within sessile community.
Inevitably biofilm dispersal follows as a natural end of sessile community. This dispersal can be
passive as a result of environment stress or exogenous dispersal inducing compounds. Dispersal
can also be active and initiated by resident cells due to environmental cues viz.; nutrient
availability, oxygen fluctuations, increased toxic products and stress induced conditions (Fuente-
Nunez et al., 2012). Cells within biofilms have been found to be resistant to adverse
environmental effects, ultraviolet damage, metal toxicity, anaerobic conditions, acid exposure,
salinity, pH gradients, desiccations, bacteriophages and a host of other hostilities (Fuente-Nunez

etal. 2012).

1.3.1 Role of biofilms in antimicrobial resistance
Antimicrobial resistance in biofilms is suggested to be a combination of various mechanisms
(Drenkard, 2003). Bacteria existing in biofilms are 1000-fold more resistant to treatment with
antimicrobials than planktonic cells (Fuente-Nunez et al., 2013). This is because the resistance
mechanisms within a biofilm differ from resistance mechanisms present in planktonic cells
(Drenkard, 2003; Simoes et al., 2010). Biofilm bacteria express sets of genes that differ from
planktonic bacteria, including specific antimicrobial resistance genes that are activated as part of

the unique biofilm phenotype (Mah and O’Toole, 2001; Drenkard, 2003; Simoes et al., 2010).
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The various mechanisms of biofilm resistance (Fig. 1.3) are dependent on the species of
bacteria in question and antimicrobial in use (Mah and O’Toole, 2001; Fuente-Nunez et al.,
2013). There are also general mechanisms that include the structure and composition of the
biofilm (Simoes et al., 2010; Fuente-Nunez et al., 2013). The exopolysaccharide (EPS) matrix of
the biofilm consists of polysaccharides, proteins and extracellular DNA (eDNA), and it has been
shown to be a protective barrier against exogenous stress, host immune phagocytosis and
antimicrobial substance (Kostakioti et al., 2013). In addition to the EPS, the heterogeneous
population of biofilms with bacteria at different growth states also play a part in the resistance of
biofilm bacteria to certain antimicrobials (Fuente-Nunez ef al., 2013). Exogenous stresses such
as starvation, anaerobic conditions, sub-inhibitory concentrations of antimicrobials and heat
shock have been suggested to activate adaptive resistances in bacteria within a biofilm (Fuente-

Nunez et al., 2013).
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Figure 1.3: Proposed-biofilm associated resistance mechanisms: (1) Antimicrobial agents may
fail to penetrate beyond the surface layers of the biofilm. Outer layers of biofilm cells absorb
damage. Antimicrobial agents action may be impaired in areas of waste accumulation or altered
environment (pH, pCO2, pO2, etc). (2) Antimicrobial agents may be trapped and destroyed by
enzymes in the biofilm matrix. (3) Altered growth rate inside the biofilm. Antimicrobial agents
may not be active against nongrowing microorganisms (persister cells). (4) Expression of
biofilm-specific resistance genes (e.g., efflux pumps). (5) Stress response to hostile
environmental conditions (Del Pozo and Patel, 2007).

Other mechanisms include varying physiological gradients of oxygen and nutrients and
several biofilm specific phenotypes such as activation of certain efflux pumps, activity of

perisplasmic glucans and persister cells (Drenkard, 2003; Lewis, 2005; Fuente-Nunez et al.,
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2013). Persister cells are non-dividing biofilm bacteria that express toxin-antitoxins that block
antimicrobials targets (Lewis, 2005). These cells have been suggested to be bacteria that tolerant

to antimicrobials and are there to insure the propagation of cell species (Lopez, 2010).

1.3.2 Biofilm formation by Aeromonas spp.
Aeromonas spp. are strongly inclined to form colonies on surfaces known as biofilms (Medino-
Martinez et al., 2006; Khajanchi et al., 2009; Ponnusamy et al., 2009; Santos et al., 2010). They
are able to efficiently colonize various surfaces like contact lenses, glass, stainless steel and
micro-titre plates (Merino et al., 2001; Lynch et al., 2002; Gavin et al., 2002; Bechet and
Blondeau, 2003; Asha et al., 2004). Biofilm-forming A. hydrophila was identified on
commercialised green-leafy vegetables in Saudi Arabia (Elhariry, 2011). Aeromonads are an
important constituent of bacterial biofilms in water distribution systems or food processing for
environmental strains, and in the gastrointestinal tract for clinical strains (Scoaris et al., 2007).
Aeromonas spp. are known to possess a polar unsheathed monotrichous flagellum (fla) expressed
for the swimming ability in liquid environments and inducible lateral flagella (/af) expressed for
swarming motility on solid media. This phenomenon is associated with expansion of area of
colonization, biomass production and biofilm formation (Kirov et al., 2002; Gavin et al., 2003).
Aeromonad efficacy in micro-colony development has been attributed to hyperpiliation of
Aeromonas spp. strains through the presence of type IV pilli and to the cell surface
hydrophobicity, which would promote auto-aggregation of bacterial cells (Bechet and Blondeau,
2003). As biofilm formation is a feature of persistent infections and characterize up to 30% of
Aeromonas gastroenteric infections, it is important to understand the mechanisms of
antimicrobial resistance within aeromonad biofilms with a view to develop alternatives in the

treatment of Aeromonas infections both in humans and animals.

1.3.3 Control of biofilms
The control of biofilms targets the different stages of biofilm development (Fig 1.4) (Simoes et
al., 2010; Fuente-Nunez et al., 2013). The initial biofilm formation stage known as adhesion
phase, has been explored as a strategy to prevent biofilm development. Several compounds such
as polysaccharides secreted by mature biofilms, human and animal antimicrobial peptides,
glycoside hydrolase, compounds that inhibit pili and curli syntheses and lyse mature biofilms

have been explored (Fuente-Nunez et al., 2013). The use of substances that are able to cause
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biofilm self-destruction is a factor that can be explored in seeking strategies to eradicate biofilm
because most biofilm e.g., Pseudomonas fluoresens lyse their exopolysaccharides, liberating
cells within the biofilms on oxygen and substrate depletion (Drenkard, 2003). Lytic phages that
lyse bacteria cells have also been explored in controlling biofilms at microcolony formation and
mature stages. Chelating agents such as sodium citrate and the use of silver nanoparticles have
been observed to be effective at controlling bacteria at microcolony formation and mature stages
as well (Kostakioti ef al., 2013). The dispersal of mature biofilms by the use of enzymes such as
DNAse 1, D-amino acids, polyamine norspermidine, nitric acid and dispersin have all been
explored in the search for effective and efficient methods of controlling biofilms (Defoirdt ef al.,
2003; Fuente-Nunez et al., 2013). Kaplan et al. (2005) observed that Actinobacillus
actinomycetemcomitans produces a soluble glycoside hydrolase called dispersin B, which
degrades polysaccharide intercellular adhesins. Eradication of persister cells phenotype using a
synergy of biofilm dispersal compounds and conventional antimicrobials may be effective
therapy for biofilm-associated infections (Lewis, 2001). The engineering of universal signaling
molecule 3, 5 cyclic diguanylic acid (c-di-GMP). Deactivation of cell-to-cell communication
known as quorum sensing has been explored as a means of inhibiting biofilm development
(Lynch et al., 2002; Fuente-Nunez et al., 2013). The uses of quorum-quenching enzymes and
inhibitors have been identified as a possible strategy in biofilm dismantling (Dong et al., 2005).
Phytochemicals have also been established to interfere with the signalling pathways of certain

Gram-negative bacteria (Husain ef al., 2013).
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Figure 1.4: Schematic outlining of the stages in biofilm development and listing the strategies
aimed at inhibiting and/or disrupting biofilm formation at specific stages (Kostakioti et al.,
2013).

1.3.3.1 The use of phytochemicals in biofilm control
Phytochemicals are defined as bioactive, non-nutrient plant compounds found in fruits,
vegetable, grains and other plant products (Doughari et al., 2009). They are also known as
constitutive secondary metabolites that enable plants to overcome temporary or continuous
threats integral to their environment, while also controlling essential functions of growth and
reproduction (Molyneux et al., 2007). Medicinal plants have always been used successfully and
approximately 80% of the world’s population still rely on them as primary health care. The
optimal effectiveness of a medicinal plant may not be due to one main bioactive component, but
a concerted action of all the secondary metabolites within the plant (Senthilkumar et al., 2005).
The use of plant antimicrobials has many advantages, including the lack of deleterious side
effects compared to synthetic antimicrobials, their vast therapeutic potential. There are thousands
of phytochemicals that have been discovered and they are grouped according to function and
source. Four different groups of phytochemicals exist, including flavonoids and flavones,
quinones, tannins and phenols and phenolic acids (Cowan, 1999). The antibacterial active
components of plants may lyse the cell wall, block protein synthesis and DNA synthesis, inhibit
enzyme secretions and/or interfere with the signaling mechanisms of the quorum sensing

pathway (Chakraborty and Hancz, 2011).
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1.3.3.2 Antimicrobial potential of phytochemicals

Phytochemical compounds present in plant extracts have been in use for the treatment of
ailments of bacterial and fungal origins (de Britto et al., 2011; de Britto et al., 2012a, b;
Dhayanithi et al., 2012). Cinnamaldehyde is a phytochemical belonging to phenol class and has
been shown to have antibacterial activity against Gram-negative and Gram-positive bacteria,
e.g., Staphylococcus aureus, Clostridium botulinum, Escherichia coli O157:H7, Salmonella.
typhimurium and Vibrio species (Brackman et al., 2008; Jia et al., 2011). This is attributed to its
hydrophobicity, which enables it to enter and disturb the lipid bilayer of the cell membrane and
cause increased permeability to protons. Nascimento et al. (2000) observed that plant extracts of
P. granatum, Syzygyum joabolanum (jambolan) and Carophyllus aromatus (clove) exhibited
inhibitory properties against antimicrobial resistant strains of Pseudomonas aeruginosa and other
resistant bacteria tested. Methanolic extracts of five green vegetables (Coriandrum sativum,
Lactuca sativa, Menthe pierita, Portulaca oleracea and Raphanus sativus) were assessed for
their antibacterial activities and all were observed to possess inhibitory properties against clinical
strains of Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli, Bacillus subtilis and
Pseudomonas aeruginosa (Bhat and Al-Daihan, 2014).

The antibacterial activity of several phytochemicals has been explored using Aeromonas
spp. as models (Siri et al., 2008; Dhayanithi et al., 2012; de Britto et al., 2012a, b). Methanolic
extracts of leaves, stem, flowers and fruits of Murraya koenigii (L) were observed to be
antibacterial against 4. hydrophila (de Britto et al., 2012b). Siri et al. (2008) demonstrated that
Punica granatum aqueous extract exhibited antibacterial activity against 4. caviae. Methanol
extracts of Phyllanthus amarus, P. emblica, Cassia auriculata, Acalypha indica, Aerva lanata
and Caesalpinia pulcherrima was observed to have antibacterial activity against A. hydrophila
(de Britto et al., 2012a). Aeromonas hydrophila isolated from ornamental fish was inhibited by
Excoecaria agallocha leaves (Dhayanithi et al., 2012). Crude aqueous extracts of the stem barks
and fruits of K. africana displayed antimicrobial activity against Gram-negative and Gram-
positive bacteria (Grace et al., 2002; Eldeen and Staden, 2008; Saini et al., 2009). Ethanol
extracts of the stem bark and fruits of K. africana displayed inhibitory activity against S. aureus
and P. aeruginosa (Saini et al., 2009). Water-and-ethanol extracts of P. granatum were observed

to contain phenolic, sterols, proanthocyanidins and flavonoid compounds which contribute to its
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antibacterial activity against Gram-negative bacteria (Siri et al., 2008). Allicin a major

component of garlic was observed to be bactericidal against 4. hydrophila (Nya et al., 2010).

1.3.3.3 Anti-biofilm potential of phytochemicals
Phytochemicals have also been studied for their anti-biofilm and anti-fouling properties
(Ponnusamy et al., 2010). The control of biofouling does not entail limiting bacterial growth but
to block the expression of biofilm-forming phenotypes (Lade ef al., 2014). Reduction in biofilm
formation of A. hydrophila and Pseudomonas aeruginosa was observed on treatment with clove
oil (Husain ef al., 2013). Similarly, Millezi et al. (2012) reported an interference with biofilm
development of 4. hydrophila on stainless steel on application of essential oils of thyme and
lemon grass. Majtan et al. (2014) observed the reduction in biofilm formation and complete
biofilm detachment of Enterobacter cloacae and Proteus mirabilis at sub-inhibitory and
inhibitory concentrations, respectively. Trans-cinnamaldehyde was observed to control biofilms
of uropathogenic E. coli on polystyrene plates and urinary catheters at 0.1 to 1.5% concentrations
(Amalaradjou et al., 2010). Jia et al. (2011) demonstrated that cinnamaldehyde detached and
eradicated all methicillin resistant Staphylococcus aureus (MRSA) at 5x MIC and MBCs
(0.0625 — 0.5% v/v). Vanillin was effective against 4. hydrophila biofilm formation in a water
purification system at 0.16 mg/ml concentration (Ponnusamy et al., 2014). Plyuta et al. (2013)
showed vanillin enhanced biofilm production of Pseudomonas spp. at concentrations ranging

from 40 to 400 pg/ml but inhibited biofilms at higher concentrations.

1.4 Rationale for study

Aquaculture is one of the fastest growing food producing industries and worldwide this sector
has increased at an average of 9.2% per year since 1970 (FAO, 2002). Disease outbreaks in
aquaculture have been reported to cause significant constraints in the growth of this sector, with
losses of billions of dollars worldwide. Aeromonas has been highlighted as one of the primary,
opportunistic microorganisms plaguing this industry causing 100% losses in some cases
(Defoirdt et al., 2004). The increasing incidence of antimicrobial resistance and adverse drug
side effects has created an opportunity for the revival of phytomedicine and many plants are
being investigated for their pharmacological activities against diverse disease conditions

(McGaw et al., 2008).
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There is growing concern worldwide due to the increasing incidence of antimicrobial
resistance and dissemination of antimicrobial resistance genes amongst pathogenic and non-
pathogenic bacteria in varying environments. The dissemination of resistance determinants by
horizontal gene transfer is responsible for antimicrobial resistance in Aeromonas spp. and this is
facilitated by MGEs. Members of this genus play a major role as a reservoir and vector of
antimicrobial resistance determinants (Goni-Urriza et al., 2000; Radu et al., 2003; Palu et al.
2006; Jun et al., 2010). Foods, especially fish and water, remain the important vectors of these
infectious pathogens. Antimicrobial resistance determinants in aquaculture ecosystems may be
transmitted to human pathogenic bacteria, via fish and fish products, and this can lead to serious
public health issues (Jun et al., 2010). The danger of antimicrobial resistance in aquaculture is
treatment failure, which is very expensive and may result in complete loss of fish stocks. It is,
therefore, important to identify selected antimicrobial resistance genes found in Aeromonas spp.
This will lead to an exploration of prophylactic and treatment alternatives by investigating the
antimicrobial and anti-biofilm effects of phytochemicals on aeromonads isolated from

aquaculture and aquatic environments.

1.5 Objectives
The following objectives have been established:

1.5.1 To determine the prevalence and diversity of B — lactam, extended spectrum 3 —
lactam and integron-associated resistance genes associated with multi-drug
resistance in Aeromonas spp. isolates;

1.5.2 To investigate the antimicrobial effects of selected phytochemicals on Aeromonas
spp. isolates; and

1.5.3 To investigate the effect of these phytochemicals on aeromonad biofilm

formation.

1.6 Aims
The following aims will be pursued:
1.6.1 To isolate genomic DNA of Aeromonas spp. isolates, using the CTAB-NaCl
protocol;
1.6.2 To amplify p-lactam, and extended spectrum [-lactam resistance gene

determinants by PCR;
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1.6.3
1.6.4

1.6.5

To identify integron platform structures by PCR;

To determine the susceptibility of Aeromonas spp. isolates to cinnamaldehyde,
vanillin and K. africana extracts using the disk diffusion method, and

To determine the effect of cinnamaldehyde, vanillin and K. africana extracts on

biofilm formation of 4. bestiarum isolates using micro-titre plate assays.
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CHAPTER TWO
CHARACTERIZATION OF BETA-LACTAMASE RESISTANCE GENE OF Aeromonas
spp- ISOLATED FROM FISH AND AQUATIC SOURCES

2.1 Introduction

Aeromonas spp. are aquatic, Gram-negative microorganisms that are food and ornamental fish
pathogens and are emerging as human pathogens worldwide (Lamy ef al., 2009; Verner-Jeffreys
et al., 2009; Janda and Abbott, 2010). Antimicrobial resistance amongst this genus is
increasingly being described (Janda and Abbott, 2010; Figueira et al., 2011; Carvalho et al.,
2012). This resistance poses therapeutic challenge for infections caused by aeromonads and is a
potential public health risk (Chen et al., 2012). Aeromonas spp. are known to be resistant to
penicillins, cephalosporins and carbapenems due to chromosomal and inducible B-lactamases
(Chen et al., 2012). Aeromonads are known to produce various B-lactamases which confer
resistance to a broad-spectrum of B-lactams (Janda and Abbott, 2010).

Beta-lactams are commonly used antimicrobials in the treatment of human and animal
infections (Paterson and Bonomo, 2005). They are often used at sub-therapeutic doses in fish and
animal farming for the prevention of infectious diseases (Henriques ef al., 2006). This has led to
the rise in production of resistance enzymes known as B-lactamases that hydrolyze B-lactam
antimicrobials (Henriques et al., 2006; Cabello et al., 2013). However, B-lactam resistant
bacteria have been detected in environments with no direct antimicrobial selection pressures
(Ktimmerer, 2009; Balsalobre et al., 2010; Chenia and Vietze, 2012; Marti et al., 2013). Beta-
lactamases of Gram-negative bacteria are the most important mechanism of resistance against f3-
lactams (Henriques et al., 2006; De Luca et al., 2010), and their mode of action is hydrolysis of
the B-lactam ring (Hall et al., 2004).

In addition to the chromosomal B-lactamases, class A ESBLs have been detected in
aeromonads (Chen et al., 2012). In aeromonads, the majority of ESBLs belong to the TEM-,
SHV- and CTX-M-type enzymes (Chen et al., 2012). These ESBLs are usually borne on
integrons and MGEs such as plasmids and transposons (Chen et al., 2012). Although Aeromonas
spp. are intrinsically resistant to B-lactams (Chen et al., 2012), extra-chromosomal B-lactamases
have also been detected in this genus (Wu et al., 2011; Maravic et al., 2013). Maravic et al.
(2013) identified blacryaris, blarox., and blasyy.; genes on a conjugative plasmid (IncFIB-type)

from A. hydrophila and A. caviae isolates in Croatia. In Taiwan, the blapgg.; gene was identified
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in both chromosomal and plasmid DNA from A4. hydrophila and A. caviae isolates (Wu et al.,
2011). Neuwirth et al. (2007) and Libisch et al. (2008) observed that blapp.;9 and blaypy 4,
respectively, were borne on class 1 integrons.

The earliest report of aeromonads carrying ESBLs was in a faecal 4. caviae strain
harbouring blatgm.o4 (Marchandin et al., 2003). Since then environmental isolates harbouring
blapgr.1, blapgr.s, blasyv.12, blayes.1a, and blaggs.7 have been described (Lu et al., 2010; Girlich et
al., 2011). Picao et al. (2008) detected the presence of blapgr.; from a Swiss lake A. media
isolate, while blatpm.4 and blactx 27 were identified in Aeromonas spp. from an urban river in
China (Lu et al., 2010). The ESBL blasyy gene is responsible for penicillin and 2" and 3"
generation cephalosporin resistance (Rubtsova ef al., 2010), and has been identified in
environmental Aeromonas spp. (Maravic et al., 2013). Although the CTX-M enzymes are the
most prevalent ESBLs, group 1 (CTX-M-15) is increasingly being described worldwide (Haque
et al., 2012). They hydrolyze ceftazidime efficiently, unlike the other groups of CTX-M
enzymes, viz., CTX-M-2, CTX-M-8, CTX-M-9 and CTX-M-25 (Naas et al., 2007). In Croatia,
Wu et al. (2011) identified blacry.as ;s in environmental isolates of 4. hydrophila and A. caviae.

The most common metallo-B-lactamase (MBL) found in aeromonads is CphA. CphA has
a substrate-specific profile as it is only active on carbapenems and penems (Chen et al., 2012).
CphA has been described in 4. hydrophila, A. veronii, A. jandaei and A. aquariorum (Martinez-
Murcia et al., 2008; Balsalobre et al., 2009). However, other MBLs have been detected in
various Aeromonas spp., such as ImiS in A. veronii biovar sobria isolates (Walsh et al., 1998)
and IMP-19 in a clinical 4. caviae isolate in France (Neuwirth ef al., 2007). A multi-resistant
strain of A. hydrophila isolated from a stool sample was observed to produce a VIM metallo-f3-
lactamase (Libisch ef al., 2008).

Characterization of B-lactamase genes in South Africa shows that TEM and SHV types
are predominant (Paterson and Bonomo, 2005; Meyer et al., 2007). Resistance phenotype of
Aeromonas spp. from catfish, tilapia, goldfish and seawater (Duma, 2012) shows resistance
profiles common in fish and aquatic environments (Jacobs and Chenia, 2007; Balsalobre et al.,
2010; Carvalho et al., 2012; Igbinosa et al., 2013; Marti et al., 2013; Ye et al., 2013). Duma
(2012) observed that these isolates were largely resistant to penicillins such as ampicillin (92.9%;
92/99) and amoxicillin (91.9%; 91/99) across all species tested. Resistance to 2" and 3™
generation cephalosporins (cefoxitin 9.1%; 9/99, cefuroxime 17.1%; 17/99 and cefpodoxime

20.2%; 20/99) was observed in Aeromonas spp., Aeromonas spp. 45, A. allosaccharophila, A.
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bestiarum, A. caviae, A. culicicola, A. hydrophila, A. jandaei and A. veronii species. Although
MBL production was not observed, ESBL production was detected by double disc assay for
8.08% (8/99) of isolates. It was, therefore important to assess the -lactamase and ESBL gene
content of these Aeromonas spp. study isolates and correlate gene presence with their resistance

phenotypes.

2.2 Materials and Methods
2.2.1 Maintenance of bacterial isolates

Ninety-three Aeromonas spp. and six Plesiomonas shigelloides isolates (Table 2.1), cultured
previously from moribund or healthy Cyprinus carpio (koi carp), Clarias gariepinus (catfish),
Oreochromis mossambicus (tilapia), and sea water (Duma, 2012), were selected for study as well
as two Aeromonas spp. type strains, viz. A. caviae ATCC 15468" and A. hydrophila ATCC
7966".  Aeromonas spp. isolates were previously characterized to species level using
biochemical and physiological tests and MALDI-ToF biotyping (Duma, 2012). Aeromonas spp.
isolates were maintained on tryptic soy agar (TSA) plates at 4 °C and for long-term storage in

tryptic soy broth (TSB) containing 40 % glycerol at -70 °C (Jacobs and Chenia, 2007).

Table 2.1: Antimicrobials resistance profiles displayed by Aeromonas spp. isolates obtained

from South African seawater and fish sources (Duma, 2012).

ISOLATES FISH SPECIES FISH HOST RESISTANCE PHENOTYPES*
MI A. culicicola Catfish NA,0X, T
M2 A. hydrophila Catfish AMP,AML,0X,W.RL
M3 A. allosaccharophila Catfish AMP,AML,0X
M4 A. jandaei Catfish AMP,AML,AMC,OX,W,RL
M5 A. hydrophila Catfish AMP,AML,0X,W,RL
M6 A. hydrophila Catfish AMP,AML,NA,0X,W
M7 A. culicicola Catfish AMP,AML,E,0X,T,W,RL
M8 A. allosaccharophila Tilapia AMP,AML,AMC,0X,T,W,RL
M9 P. shigelloides Catfish (0):¢
M10 A. culicicola Catfish AMP,AML,CPD,0X,W,RL
M1l Aeromonas spp. Catfish AMP,AML,AMC,E,OX,W
M12 A. bestiarum Catfish AMP,AML,0X,W,RL
M13 A. hydrophila Catfish AMP,AML,0X,W RL
M14 A. hydrophila Tilapia (0),4
M15 Aeromonas spp. Tilapia AMP,AML,AMC,FOX,0X
M16 A. jandaei Tilapia AMP,AMC,CPD,CXM,FOX,0X,W,RL
M17 A. hydrophila Tilapia AMP,AML,0X,W.,RL
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M18
M19
M20
M21
M22
M23
M24
M25
M26
M27
M28
M29
M30
M31
M32
M33
M34
M35
M36
M37
M38
M39
M40
M41
M42
M43
M44
M45
M46
M47
M48
M49
M50
M51
M52
M53
M54
M55
M56
M57
M58
M59
M60
Mol

A. caviae
A. jandaei
Aeromonas spp.
A. allosaccharophila
A. culicicola
A. culicicola
A. jandaei
A. culicicola
Aeromonas spp. 45
Aeromonas spp. 45
A. jandaei
A. culicicola
A. jandaei
A. culicicola
A. culicicola
Aeromonas spp. 310
Aeromonas spp. 45
A. culicicola
A. jandaei
Aeromonas spp. 45
A. culicicola
A. culicicola
A. culicicola
Aeromonas spp.
A. culicicola
Aeromonas spp. 310
A. icthiosmia
P. shigelloides
P. shigelloides
P. shigelloides
A. icthiosmia
A. sobria
A. hydrophila
A. hydrophila
A. hydrophila
A. hydrophila
A. icthiosmia
A. veronii
A. culicicola
A. veronii
A. culicicola
A. caviae
A. hydrophila

A. culicicola

Tilapia
Tilapia
Tilapia
Tilapia
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Sea water
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Catfish
Catfish
Tilapia
Catfish
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
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AMP,AML
AMP,AML,AMC,FOX,0X,W,RL
AMP,AML,FOX,CPD,CXM,0X,W,RL,SXT
AMP,AML,AMC,FOX,CPD,CXM,0X,W.S
AMP,AML,0X,W,RL
AMP,AML,0X,RL
AMP,AML,0X,RL
AMP,AML,0X,RL
AMP,AML,0X,RL
AMP,E, OX, W, RL
AMP,AML,0X,RL
AMP,AML,0X,RL
AMP,AML,0X,RL
AMP,AML,0X,W,RL
AMP,AML,0X,RL
AMP,AML,ATM,NA,OX,W,RL
AMP,AML,0X,RL
AMP,AML,0X,RL
AMP,AML,E,OX,RL
AMP,AML,0X,T,W,RL
ATM,0X,RL
AMP,AML,0X,RL
AMP,AML,ATM,OX,RL
AMP,AML,0X,RL
AMP,AML,NA,0X,RL
AMP,AML,NA,0X,RL
AMP,AML,0X,RL
AMP,AML,AMC,0X,T,W,RL
AMP,AML,E,NA,OX,W,S,RL,SXT
AMP,AML,0X,W,RL
AMP,AML,0X,W,RL
AMP,AML,AMC,0X,T
AMP,AML,CXM,E,NA,0X,W,RL
AMP,AML,AMC,0X,W,RL
AMP,AML,AMC,CPD,CXM,E,0X,T,W,RL
AMP,AML,0X,T,W,RL
AMP,AML,AMC,E,OX,T,W,RL
AMP,AML,0X,W,RL
AMP,AML,E,NA,0X,W,RL
AMP,AML,AMC,CPD,CXM,C,E,0X,T,W,RL
AMP,AML,AMC,0X,W,RL
AMP,AML,0X,T,W,RL
AMP,AML,AMC,E,OX,T,W,RL
AMP,AML,0X



M62 A. hydrophila Tilapia AMP,AML,0X,RW,RL

M63 A. veronii Tilapia AMP,AML,AMC,0X,W,RL

Mé64 A. hydrophila Tilapia AMP,AML,CPD,FOX,0X,W,RL
M65 A. hydrophila Tilapia AMP,AML,0X,W,RL

M66 P. shigelloides Tilapia AMP,AML,0X,RL

M67 P. shigelloides Tilapia AMP,AML,0X,W RL

M68 A. caviae Koi carp AMP,AML,AMC,CPD,0X,W,RL
M69 A. bestiarum Koi carp AMP,AML,AMC,CPD,0X,W,S,RL
M70 A. bestiarum Koi carp AMP,AML,AMC,CPD,0X,T,W,RL
M71 A. bestiarum Koi carp AMP,AML,CPD,CXM,E,OX,W
M72 A. bestiarum Koi carp AMP,AML,0X,W,RL

M73 A. bestiarum Koi carp AMP,AML,AMC,CXM,FOX,0X,W,RL
M74 A. allosaccharophila Koi carp AMP,AML,C,NA,OX,T,W,RL
M75 Aeromonas spp. 45 Koi carp AMP,AML,CPD,CXM,C,E,0X,W
M76 A. salmonicida Koi carp AMP,AML,AMC,CPD,0X,W,RL
M77 A. salmonicida Koi carp AMP,AML,AMC,CPD,0X,W,RL
M78 A. bestiarum Koi carp AMP,AML,AMC,CPD,CXM,0X,W,RL
M79 A. bestiarum Koi carp APM,AML,0X

M80 A. bestiarum Koi carp AMP,AML,NA,0X,T,W

M81 A. bestiarum Koi carp AMP,AML,CXM,CTX,0X,W,RL
M82 A. culicicola Koi carp AMP,AML,AMC,ATM,CPD,CXM,E,FOX,0X,W.RL
M83 A. bestiarum Koi carp AMP,AML,0X,W.RL

M84 A. bestiarum Koi carp AMP,AML,OX,W,RL

M85 A. allosaccharophila Koi carp AMP,AML,AMC,0X,W,RL

M86 A. hydrophila Koi carp AMP,AML,AMC,0X,W,RL

M87 A. bestiarum Koi carp AMP,AML,AMC,OX,W,RL

M88 A. bestiarum Koi carp AMP,AML,AMC,CPD,CXM,E,FOX,0X,W,RL
M&9 A. allosaccharophila Koi carp AMP,AML,AMC,CPD,CXM,0X
M90 A. bestiarum Koi carp AMP,AML,AMC,CXM,0X,W,RL
M91 A. bestiarum Koi carp AMP,AML,OX,W,RL

M92 A. allosaccharophila Koi carp AMP,AML,CPD,OX,W,RL

M93 A. allosaccharophila Koi carp AMP,AML,C,NA,0X,W,RL

M94 A. hydrophila Koi carp AMP,AML,AMC,E,OX,T,W,RL
M95 A. hydrophila Koi carp AMP,AML,AMC,CXM,E,OX,T,W,RL
M96 A. bestiarum Koi carp E,0X,T

M97 A. bestiarum Koi carp E,OX,T

M98 Aeromonas spp. 310 Koi carp AMP,AML,OX,W,RL

M99 A. bestiarum Koi carp AMP,AML,CPD,CXM,0X

*AMP=ampicillin (AMP10), AML=amoxicillin (AML10), AMC=augmentin (AMC30), AZM=azithromycin
(AZM15), ATM=aztreonam (ATM30), CPD=cefpodoxime (CPD10), CXM=cefuroxime (CXM30), E=erythromycin
(E15), FOX=cefoxitin (FOX30), NA=nalidixic acid (NA30), OX=oxacillin (OX1), W=trimethoprim (W1.25),
S=streptomycin (S10), RL=sulphamethoxazole (RL25), TE=tetracycline (TE30), TS=cotrimoxazole (TS25).
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2.2.2 Genomic DNA isolation and analysis
Genomic DNA of Aeromonas spp. and P. shigelloides isolates was obtained according to the
CTAB/NaCl protocol (Ausubel et al., 1989). Bacterial cultures (1.5 ml) were pelleted, following
overnight growth in LB broth, by centrifugation at 12 000 rpm for 2 min. Pellets were
resuspended in 567 pl TE buffer and subjected to alkaline lysis by addition of 30 pul of 10% SDS
and 3 pl of 20 mg/ml proteinase K, followed by 1 h incubation at 37 °C. Alkaline lysis, removal
of cell debris, left over protein and polysaccharide was achieved by the addition of 100 pul of
cetylthrimethyl ammonium bromide CTAB and 80 pl of NaCl, followed by 10 min incubation at
65 °C. Genomic DNA was extracted using an equal volume of chloroform/isoamyl alcohol,
followed by centrifugation at 12 000 rpm for 5 min and upper aqueous phase transferred to fresh
tube. Equal volumes of phenol/chloroform/isoamyl alcohol was added, followed by
centrifugation for 5 min at 12 000 rpm. There after high quality DNA was precipitated out of the
upper aqueous solution by the use of 0.6% of volume isopropanol, followed by centrifugation for
2 min at 12 000 rpm. Fifty pl of 70% ethanol was added to purify the DNA and pellets were
resuspended in 20 pl of TE buffer, and stored at -20 °C. Aliquots (2 pl) were subjected to
electrophoresis in 1% TAE agarose gels, stained with ethidium bromide and viewed by UV

transillumination, to determine the quality of the DNA samples (Jacobs and Chenia, 2007).

2.2.3 Detection of TEM type beta-lactamase resistance genes
Based on data from Duma (2012), study isolates displayed high levels of resistance to -lactams
(92.9%; 92/99), while (100%; 99/99) were susceptible to carbapenems (imipenem).
Cephalosporin resistance was detected in 27.3% (27/99) of study isolates (Table 2.2), with
resistance to cefoxitin (33.3%; 9/27), cefpodoxime (74.1%; 20/27) and cefuroxime (62.9%;
17/27). Thus two primers (blargy (1) and blargy (2)) were designed to characterise the [-
lactamase gene content of study isolates. A 503 bp blazgy (1) gene fragment was amplified by
PCR using B-lactamase gene primers (Table 2.2) described by Guerra et al. (2001). Reaction
mixtures (20 pl) consisted of 100 ng template DNA, 200 uM of each dNTP (Fermentas), 50
pmol of each primer, 1.5 mM MgCl, (25mM) and 1 U Super Therm 7ag DNA polymerase
(Southern Cross Biotechnology), together with 1 x Super Therm reaction buffer. PCR cycling
parameters consisted of 35 cycles of 94 °C for 30 s; 55 °C for 30 s; and 72 °C for 2 min in a MJ
mini thermal cycler (Biorad). An initial denaturation step of 95 °C for 5 min and a final

elongation step of 72 °C for 10 min were included in reactions. The positive control used for this
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assay was E. coli ATCC 35218 while E. coli ATCC 25922 was used as the negative control. The
type strains A. caviae ATCC 15468" and A. hydrophila ATCC 7966", P. aeruginosa ATCC
35032 and P. aeruginosa ATCC 27853 were also included in the assays.

Table 2.2: Primers used in beta-lactamase and extended spectrum beta-lactamase detection.

Target Gene Sequence Size (bp) References
blargy (1) 5’-TTGGGTGCACGAGTGGGT-3’ 503 Guerra et al. (2001)
blargy 5’-TAATTGTTGCCGGGAAGC-3’
bla gy (2) 5’-GAGTATTCAACATTTTCGT-3’ 857 Maynard et al. (2004)
bla rpy 5’-ACCAATGCTTAATCAGTGA-3’
blagyy 5’-GCCCGGGTTATTCTTATTTGTCGC-3’ 1008 Wu et al. (2007)
blasyy 5’-TCTTTCCGATGCCGCCGCCAGTCA-3’
blacryxiis 5’-TTTCCCCATTCCGTTTCCGC-3’ 925 Jacoby et al. (2006)
blacry u.is 5’-TTCGTATCTTCCAGAATAAG-3’
blacry.y 5’-CGATGTGCAGTACCAGTAA-3’ 585 Hopkins et al. (2007)
blacryn 5’-TTAGTGACCAGAATCAGCGG-3’

An 857 bp blargy (2) gene fragment was also amplified by PCR using a -lactamase gene
primer set (Table 2.2) that could detect all variants of the blargy-type gene (Maynard et al.,
2004). Reaction mixtures (20 pul) consisted of 100 ng template, DNA 200 uM of each dNTP
(Fermentas), 50 pmol of each primer, 1.5 mM MgCl, and 1 U Super Therm 7ag DNA
polymerase (Southern Cross Biotechnology), together with 1 x Super Therm reaction buffer.
PCR cycling parameters consisted of 35 cycles of 94 °C for 30 s; 53 °C for 30 s; and 72 °C for 2
min in a MJ mini thermal cycler (Biorad). An initial denaturation step of 95 °C for 5 min and a
final elongation step of 72 °C for 10 min were included in reactions. The positive control used
for this amplification was E. coli ATCC 35218 while E. coli ATCC 25922 was used as the
negative control.

Ten pl of both blargy (1) and blargy (2) PCR reaction products were subjected to
electrophoresis in 1.5% agarose gels, stained in ethidium bromide, and viewed by UV
transillumination to identify the 503 and 857 bp B-lactamase gene fragments, respectively, with
O’GeneRuler™ 100 bp DNA Ladder Plus or O’GeneRuler'™ 100 bp DNA Ladder as markers
(Fermentas, Canada) (Jacobs and Chenia, 2007).
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2.2.4 Detection of extended spectrum beta-lactamases resistance genes

PCR reaction mixtures as described in Section 2.2.3 were used to amplify ESBL resistance
genes. The presence of SHV (blasyy.;) and CTX (blacrxasss and blacry.y) type ESBLs were
investigated using primers described previously by Wu et al. (2007), Jacoby et al. (2006), and
Hopkins et al. (2007) respectively (Table 2.2). Duma (2012) had previously observed eight
isolates to be ESBL producers, i.e., M10, M13, M27, M37, M81, M87, M94, M95, so these
isolates were screened by PCR for the presence of blasyy.;. The blasyy.; primer set targets
variants of the blagyy gene that express FOX, CPD and CXM resistance. All variants of blacry.y
genes were targeted by the blacryy primer set, while the blacry.as ;s primer set targets the blacry.
M.15 resistance gene. Both are plasmid-borne and mobile. K. pneumoniae ATCC 700603 was
used as the positive control for SHV (blasyy.;) assay while E. coli ATCC 25922 was used as
negative control. A previously identified Salmonella typhimurium CTX-M positive strain was
used as positive control for the CTX (blacryaris and blacryx.yr) assay and E. coli ATCC 25922
was used as negative control.

Five microliters of each PCR reaction mixture was subjected to electrophoresis in 1%
agarose gels, stained in ethidium bromide, and viewed by UV transillumination with
O’GeneRuler™ 100 bp DNA Ladder and/or O’GeneRuler™ 1kb DNA Ladder Plus as markers
(Fermentas, Canada) (Jacobs and Chenia, 2007).

23 Results

2.3.1 Identification of TEM type beta-lactamase resistance genes
It was observed that 46.4% (46/99) of isolates possessed blargy genes. Using the blargy (1)
primer set, 17% (17/99) were positive with amplification of a 503 bp fragment ((Fig. 2.1; Table
2.3). The blarg) gene positive control E. coli ATCC 35218, P. aeruginosa ATCC 35032 and the
two type strains; 4. caviae ATCC 15468" and A. hydrophila ATCC 7966" were also positive for
TEM presence with the blargy, (1) primer set.
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Figure 2.1: Agarose gel (1.5%) electrophoresis picture of a typical example of 503 bp blargy
gene amplicons obtained using primer set (1). Lane 1 was O’GeneRuler™ 100 bp DNA Ladder
Plus (Fermentas, Canada); lane 2 was negative control E. coli ATCC 25922; lane 3 was positive
control E. coli ATCC 35218; lane 4 was M63; lane 5 was M64; lane 6 was M65 and lane 7 was

Mé66.

Since resistance profiles of isolates suggested a greater prevalence of blargy gene, a
second primer set described by Maynard ef al. (2004) was also used. It was observed that 29%
(29/99) of study isolates were positive with the blargy(2) primer set. The amplification of an 857
bp fragment (Fig. 2.2; Table 2.3) was observed for all 29 positives. Figure 2.2 is a typical picture

of 503 bp gene fragments obtained from blargy, (1) primer set.

Figure 2.2: Agarose gel (1.5%) electrophoresis picture of a typical example of 857 bp blargy
type gene amplicons obtained using primer set (2). Lane 1 was positive control E. coli ATCC
35218; lane 2 was MI; lane 3 was O’GeneRuler ™ 100 bp DNA Ladder (Fermentas, Canada);
lane 4 was negative control E. coli ATCC 25922, lane 5 was M6 and lane 6 was MO.

Although an 857 bp blargy fragment was amplified from positive control E. coli ATCC
35218 using the blazgy (2) primer set, it was not possible to amplify the gene fragment from A.
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caviae ATCC 15468" and A. hydrophila ATCC 7966'. Of the isolates assayed, 12% (12/99)
were positive with both blargy (1) and blarg (2) primer sets.

Table 2.3: Results of amplifications of blargy, gene using primer sets blargy, (1) and blargy (2)
from Aeromonas spp. isolated from fish and seawater.

ISOLATES SPECIES DESIGNATION blargy (1)* blargy (2)*
MI A. culicicola +
M2 A. hydrophila
M3 A. allosaccharophila
M4 A. jandaei
M5 A. hydrophila
Mo A. hydrophila + +
M7 A. culicicola
M8 A. allosaccharophila
M9 P. shigelloides + +
M10 A. culicicola +
M11 Aeromonas spp. +
M12 A. bestiarum
M13 A. hydrophila
M14 A. hydrophila + +
M15 Aeromonas spp.

M16 A. jandaei + +
M17 A. hydrophila +
M18 A. caviae

M19 A. jandaei + +
M20 Aeromonas spp. + +
M21 A. allosaccharophila +
M22 A. culicicola

M23 A. culicicola +
M24 A. jandaei

M25 A. culicicola

M26 Aeromonas spp. 45

M27 Aeromonas spp. 45

M28 A. jandaei + +
M29 A. culicicola + +
M30 A. jandaei

M31 A. culicicola

M32 A. culicicola +
M33 Aeromonas spp. 310

M34 Aeromonas spp. 45

M35 A. culicicola

M36 A. jandaei

M37 Aeromonas spp. 45
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M38 A. culicicola

M39 A. culicicola
M40 A. culicicola
M41 Aeromonas spp.
M42 A. culicicola
M43 Aeromonas spp. 310
M44 A. icthiosmia
M45 P. shigelloides
M46 P. shigelloides
M47 P. shigelloides
M48 A. icthiosmia
M49 A. sobria
M50 A. hydrophila
MS51 A. hydrophila
M52 A. hydrophila
MS53 A. hydrophila
M54 A. icthiosmia
M55 A. veronii
M56 A. culicicola
MS7 A. veronii
M58 A. culicicola
M59 A. caviae
Mo60 A. hydrophila
Mol A. culicicola
Me62 A. hydrophila
Me63 A. veronii
Mo4 A. hydrophila
Me65 A. hydrophila
Mo66 P. shigelloides
Me67 P. shigelloides
Mé68 A. caviae
M69 A. bestiarum
M70 A. bestiarum
M71 A. bestiarum
M72 A. bestiarum
M73 A. bestiarum
M74 A. allosaccharophila
M75 Aeromonas spp. 45
M76 A. salmonicida
M77 A. salmonicida
M78 A. bestiarum
M79 A. bestiarum
MS80 A. bestiarum
M81 A. bestiarum
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MS82 A. culicicola

M83 A. bestiarum

M84 A. bestiarum

M85 A. allosaccharophila

M86 A. hydrophila

MS87 A. bestiarum

M88 A. bestiarum

M89 A. allosaccharophila

M90 A. bestiarum

MI1 A. bestiarum

M92 A. allosaccharophila

M93 A. allosaccharophila

M94 A. hydrophila +
M95 A. hydrophila

M96 A. bestiarum

M97 A. bestiarum +
M98 Aeromonas spp. 310

M99 A. bestiarum

A. hydrophila ATCC 7966
A. caviae ATCC 15468
E. coli ATCC 29522
E. coli ATCC 35218 + +
K. pneumoniae ATCC 700603
P. aeruginosa ATCC 27853

2.3.2 Analysis of TEM type gene content based on species designation and source
of isolation

The fourteen different species groups were analyzed with respect to presence of TEM gene
within each species group (Table 2.4). Among the 17.1% (17/99) of isolates positive for the
blargy gene using the blargy (1) primer set, the highest prevalence was observed for A.
hydrophila (29.4%; 5/17) and P. shigelloides (23.5%; 4/17). Of blargy (2) positives (29.2%;
29/99), the blargy gene was most prevalent in 4. culicicola (27.6%; 8/29) and A. hydrophila
(17.2%; 5/29). The blargy gene was amplified with both blazgy, (1 and 2) primer sets (12.1%;
12/99) predominantly from P. shigelloides (25%; 3/12) and A. jandaei (25%; 3/12) (Table. 2.4).
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Table 2.4: Species designation analysis of Aeromonas spp. blargy gene positives using primer

sets blaTEM (1) and blaTEM (2)

SPECIES Total blaygy (1)* blargy (2)* blartgy (1) and blaygy (2)
Aeromonas spp. 4 25% (1/4) 75% (3/4) 25% (1/4)
Aeromonas spp. 45 5 0 0 0
Aeromonas spp. 310 3 0 33.3% (1/3) 0
A. allosaccharophila 8 0 12.5% (1/8) 0
A. bestiarum 19 5.3% (1/19) 5.3% (1/19) 0
A. caviae 3 0 0 0
A. culicicola 18 5.6 % (1/18) 44.4% (8/18) 5.6% (1/18)
A. hydrophila 17 29.4% (5/17) 29.4% (5/17) 11.8% (2/17)
A. icthiosmia 3 0 1 0
A. jandaei 7 42.9% (3/7) 42.9% (3/7) 42.9% (3/7)
A. salmonicida 2 0 0 0
A. sobria 1 0 100% (1/1) 0
A. veronii 3 66.7% (2/3) 66.6% (2/3) 66.7% (2/3)
P. shigelloides 6 66.7% (4/6) 50% (3/6) 50% (3/6)

" blargy (1) — Guerra et al. (2001) primer set; blarzy (2) — Maynard ef al. (2004) primer set.

Isolates from catfish had the highest prevalence (33.3%; 4/33) of blarg type gene being
amplified using the blargy (1) primer set (Table. 2.5). Isolates from tilapia had the highest
number of positives (51.5%; 17/33) with the blargy (2) primer set. The amplification of blargy
gene using both blargy (1 and 2) primer sets was most prevalent for tilapia isolates (24.2%; 8/33)

(Table. 2.5).

Table 2.5: Percentage analysis of Aeromonas spp. blarey gene positives using blargy (1) and

blargy (2) primer sets, based on source of isolation.

HOST blargy, (1)* blargy (2)* blargy (1) and blargy, (2)
Catfish (Clarias gariepinus) (n=12) 33.3% (4/12) 41.7% (5/12) 16.7% (2/12)
Goldfish (Carassius auratus) (n=33) 3.03% (1/33) 6.06% (2/33) -
Sea water (n= 20) 10% (2/20) 25% (5/20) 10% (2/20)
Tilapia (Oreochromis mossambicus) (n= 33) 30.3% (10/33) 51.5% (17/33) 24.2% (8/33)

" blargy (1) — Guerra et al. (2001) primer set,; blarz, (2) — Maynard et al. (2004) primer set.
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2.3.3 Identification of extended spectrum beta-lactamases resistance genes
It was observed that the positive control K. pneumoniae ATCC 700603 was positive for blasyy.;
gene presence (Fig. 2.3) as the expected 1008 bp fragment was obtained. However the 1008 bp

gene fragment was not amplified from aeromonad isolates tested.
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!
- |

Figure 2.3: Agarose gel (1.5%) electrophoresis of 1008 bp blasyy type gene amplicon using
primer set blasyy.;. Lane 1 was O’GeneRuler™ 100 bp DNA Ladder (Fermentas, Canada); lane
2 was the negative control E. coli ATCC 25922; lane 3 was the positive control K. pneumoniae
ATCC 700603 and lanes 4 - 11 were eight ESBL-producers (M10, M13, M27, M37, M81, M&7,
M94, M95).

Figure 2.4: Agarose gel (1.5%) electrophoresis of blacrx.aris (925 bp) and blacrx.a (585 bp)
gene amplicons using primer sets blacrxar;s and blacry.;. Lane 1 was positive control
Salmonella typhimurium; lane 2 was MS81; lane 3 was M82; lane 4 was MS8S; lane 5 was
O’GeneRuler™ 1kb DNA Ladder Plus (Fermentas, Canada); lane 6 was positive control
Salmonella typhimurium; lane 7 was M81; lane 8 was M82 and lane 9 was M&S.

Second and 3™ generation cephalosporin-resistant isolates were screened for CTX genes.
Expected amplicons for 925 bp (blacrxa.is) and 585 bp (blacrx.ir), were amplified from only
three (M81, M82 and M88) cephalosporinase producers (Fig. 2.4). There were two species
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group represented among the blacry.a-1s and blacry.a positives viz.; A. bestiarum 66.7% (2/3)

and A. culicicola 33.3% (1/3), from goldfish.

2.4  Discussion
Environmental Aeromonas species living in water bodies have been reported to be reservoirs of
antimicrobial resistance genes (Girlich et al., 2011). In addition to their intrinsic antimicrobial
resistance to Ambler classes B, C and D B-lactamases (Chen et al., 2012), they have been
associated with mobile genetic elements such as integrons and plasmids (Igbinosa et al., 2012).
This increases the incidence of extended spectrum B-lactam resistance in aeromonads (Chen et
al., 2012). In the present study, the blarg, primer set (1) amplified TEM-type genes from fewer
aeromonads (17.1% ; 17/99) than the blargy, primer set (2) (29.2%; 29/99). This is because while
blargy primer set (1) was designed to amplify the classical TEM-1-like B-lactamases (Guerra et
al., 2001), blargy primer set (2) was designed to detect all variants of the TEM-type -lactamase
genes (ESBLs) (Maynard et al., 2004). Therefore using both primer sets, a greater prevalence of
blargy type resistance genes determinants (classical TEM-1-like and TEM-type extended -
lactamases) was identified. Data from study carried out by Duma (2012) demonstrated that
isolates were resistant to ampicillin (AMP) (92.9%; 92/99), amoxicillin (AML) (91.9%; 91/99),
cefpodoxime (CPD) (20.2%; 20/99), cefuroxime (CXM) (20.2%; 20/99), cefoxitin (FOX)
(9.09%; 9/99) and aztreonam (ATM) (4.04%; 4/99). This is expected as TEM-1-like B-lactamase
genes hydrolyze narrow spectrum penicillin while TEM-type ESBLs are known to hydrolyze
narrow and extended spectrum-penicillins, monobactams and second and third generation
cephalosporins (Paterson and Bonomo, 2005). Among clinical Gram-negative bacteria, blargy.;
is the most frequently detected P-lactamases (Balsalobre et al., 2010; Girlich et al., 2011),
environmental Aeromonas spp. have also been observed to possess blargy.-like genes in their
chromosomes (Balsalobre et al., 2010). In the present study, fish and environmental isolates
were observed to carry the blargy resistance gene determinant, with highest prevalence in tilapia
isolates. The rest of the blargy negative isolates (53.5%; 53/99) may have other B-lactamases not
tested for (Wu et al., 2011), perhaps the chromosomal class C B-lactamases (Chen ef al., 2012).
This may also explain the resistance of isolates to augmentin (AMC) (32.3%; 32/99).

In the present study 4. hydrophila was found to have the highest incidence of the blazg,. 1.
like gene amplified with primer set (1). This is consistent with findings of Balsalobre et al.

(2010), who observed that environmental isolates of A. hydrophila and A. jandaei possessed
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blargy.like genes. Aeromonas culicicola was observed to be the species harbouring the most
blargy-type gene amplified with primer set (2), although not clinically important A. culicicola
has been isolated from mosquitoes (Piyidar et al., 2002). The blargy-type (primer set 2) gene was
also prevalent among Aeromonas hydrophila, P. shigelloides, A. veronii, Aeromonas spp. and A.
Jjandaei isolates. Since these are clinically important species, it poses a health threat as they are
known to be associated with both animal and human infections (Janda and Abbott, 2010; Dias et
al., 2012). These mobile blarg), resistance genes were more prevalent in isolates from tilapia
than the other three sources, i.e., koi carp, catfish and seawater. Since tilapia host were not
exposed to any antimicrobial agents, it is possible that fish feeds, fish farm influents from
environmental water, naked DNA and resistance determinants from lysed commensal and
pathogenic bacteria and biofilms forming on sediments and aquaculture structures may be
sources of these resistance genes (Cabello et al., 2013; Marti et al., 2013).

The blasyy genes were not detected on amplification, this is expected as the resistance
profile of study isolates (Table 2.1) showed that they were susceptible to imipenem (100%;
99/99). However, blacry.a.s and blacrx.y genes were amplified from 3 isolates, with only one
isolate (A. bestiarum) demonstrating resistance to cefotaxime (CTX) (Fig 2.4). Resistance to
cefuroxime (CXM) (6.1%; 6/99), cefoxitin (FOX) (8.1%; 8/99) and cefpodoxime (CPD) (5.1%;
5/99) may be due partly to, the presence of blargy gene variants that were amplified (Maynard et
al., 2004) or presence of intrinsic class C B-lactamases (Chen ef al., 2012).

Duma (2012) study demonstrated that isolates with B-lactam resistance also demonstrated
resistance to aminoglycosides (streptomycin; 3.03%; 3/99), macrolides (erythromycin; 18.1%;
18/99), trimethoprim (68.6%; 68/99) and sulphamethoxazole (81.8%; 81/99) (Table. 2.1). This is
consistent with findings of Guerra et al. (2001) and Maynard et al. (2004) that TEM positives
carry class 1 integrons. Study isolates demonstrating B-lactam resistance could be correlated with
presence of blargy and blacrx.yr genes. Data from this study suggests that Aeromonas spp. from
fish and aquatic environment may be reservoirs and possible agents of dissemination of B-

lactamase genes (Maravic et al., 2013; Wu et al., 2011, 2013).
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CHAPTER THREE
IDENTIFICATION OF INTEGRONS ASSOCIATED WITH FISH AND AQUATIC
AEROMONAS spp.

3.1 Introduction

The increasing dissemination of resistance genes among fish pathogens has become a major
concern in many countries worldwide (Ndi and Barton, 2011). This problem is impacting
negatively on aquaculture production worldwide, causing million dollar losses and retarding
economic growth of the industry (Janda and Abbott, 2010). Antimicrobial compounds are widely
used worldwide in aquaculture, agriculture farms and animal farms, and there is a tendency to
abuse their use. These antimicrobials are used for prophylactic and therapeutic purposes in
aquaculture usually through incorporation into fish feed (Cabello et al., 2013). These
antimicrobial compounds are usually released into the aquaculture environment intact through
uningested feed or in their unabsorbed forms in the excreta of fish and/or in absorbed forms as
secretions from fish. This has accelerated the development of antimicrobial resistance genes
(ARGs) and resistant bacteria (Zhang et al., 2009a; Cabello et al., 2013). The risk of
contamination of human and animal food and water with resistant bacteria is an emerging
problem worldwide (Cabello et al., 2013). The increase in the dissemination of antimicrobial
resistance via resistant bacteria and antimicrobial resistance gene determinants is disturbing as it
can be transferred to human commensal and pathogenic bacteria (Jacobs and Chenia, 2007). This
in turn endangers humans and renders current chemotherapy for bacterial infections in
aquaculture ineffective (Jacobs and Chenia, 2007).

The resistance determinants that are commonly implicated are either plasmid-borne or
chromosomally-located (Janda and Abbott, 2010). Associated with these plasmids are integrons
that are immobile and are only disseminated by conjugative plasmids and transposons (Pellegrini
et al., 2010). These integrons are elements that encode a site-specific recombination system that

recognizes and captures mobile gene cassettes (Pellegrini et al., 2010).
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Figure 3.1: Classic integron structure diagram showing gene cassette (cassette 1), capture and
integration by integrase gene intl at attl site (Gonzalez et al., 2004).

Integrons are genetic modules associated with both pathogenic and commensal bacteria
that confer the ability to capture and express promoterless DNA units called gene cassettes which
confer a variety of adaptive functions including antimicrobial resistance (Binh et al., 2009).
There are three clinically important integrons that are known:- classes 1, 2 and 3 (Stalder ef al.,
2012), with class 1 integrons being the most prevalent class (Chang ef al., 2007; Verner-Jeffreys
et al., 2009; Nawaz et al., 2010). Class 1 integrons encode an integrase (int/) and a
recombination site (aft/) where multiple gene cassettes may eventually be captured and
expressed (Fig. 3.1) (Binh et al., 2009). In addition to the integrase (int/) and recombination
(attl) sites, integrons possess a third integral part, the out-ward-oriented promoter (Pc) that
directs transcription of the captured genes. Integration occurs downstream of the resident Pc
promoter at the att/ site, allowing the expression of genes in the cassette (Binh et al., 2009). The
acquisition of gene cassettes occurs through a site-specific recombination mechanism catalyzed
by an integron-encoded integrase (intl). The integrative recombination reaction occurs primarily
between an integron receptor site (attl) and a cassette-associated sequence known as the a#tC site
or 59-base element. Gene cassettes are mobile genetic elements comprised of a single gene and a
recombination site (attC) (Binh et al., 2009).

Gene cassettes are the smallest mobilizable DNA, which comprise a single gene and a
recombination site (a#tC), with more than 100 different gene cassettes having been reported
(Binh et al., 2009; Nawaz et al., 2010). These mobile genetic elements (MGEs) are discrete
genetic elements that exist as free circular, non-replicating DNA molecules when moving from

one genetic site to another (Pellegrini et al., 2010). They exhibit different sizes that range from

41



500 to 1000 bp as well as different functions but have a common structure. The 3’ end region of
every gene is adjacent to a palindromic sequence attC, which constitutes a specific
recombination site recognized by the integrase (Pellegrini et al., 2010). Gene cassettes consists
of a gene immediately followed by an a#/C site, each cassette has only one attC site, with various
elements being associated with the different resistance cassettes. Movements of the cassettes in
and out of integrons are random, usually a result of circumstance and natural selection. The
presence of selective pressures results in dissemination of integron-containing antimicrobial
resistance cassettes (Boucher et al., 2007; Partridge ef al., 2009).

Antimicrobial resistance in Aeromonas spp. associated with cassette-borne resistance
genes and integrons are being increasingly described among food-borne, aquatic and clinical
species. (Jacobs and Chenia, 2007; Lee et al., 2008; Verner-Jeffreys et al., 2009; Kadlec et al.,
2011; Sarria-Guzman et al., 2013). Clinical isolates of A. hydrophila, A. veronii, and A. sobria
were found to contain the int/ gene coding for the class 1 integron (Lee et al., 2008). Ornamental
fish and its carriage water analyzed for antimicrobial resistance gene presence were found to
contain aeromonads that carried class 1 integrons (Verner-Jeffreys et al., 2009). Ndi and Barton
(2011) observed the prevalence of class 1 integron in A. hydrophila, A. veronii, A. veronii bv
sobria, A. caviae and A. bestiarum isolated from Australian farmed rainbow trout. Integron
content and multidrug resistant phenotype of Aeromonas species have been correlated (Jacobs
and Chenia, 2007; Nawaz et al., 2010). In Croatia, Maravic et al. (2013) detected the presence of
class 1 and class 2 integrons in Mediterranean mussel (Mytilus galloprovincialis) from the
Adriatic Sea.

In aeromonads, gene cassettes that are commonly described are the dfr/2 and dfr2d
coding for trimethoprim resistance, aadAl and aadA2 responsible for aminoglycoside resistance,
qgacEAI conferring resistance to antiseptics and detergents, sull and sul/ll responsible for
sulphonamide resistance, oxa2 encoding beta-lactam resistance and catB3 and catB8 conferring
resistance to chloramphenicol (Chang et al., 2007; Jacobs and Chenia, 2007; Lee et al., 2008;
Pérez-Valdespino et al., 2009; Ndi and Barton, 2011). Integron-positive Aeromonas spp. isolates
had a higher frequency of resistance compared to integron-negative isolates (Chang et al., 2007).
Since the beta-lactam, trimethoprim and sulphonamide resistance phenotype was detected in

Aeromonas spp. isolates from catfish, goldfish, seawater and tilapia (Duma, 2012), it was
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important to determine if this resistance phenotype could be correlated with integron presence in

these isolates.

3.2.  Materials and Methods
3.2.1 Detection of integron and integron-associated components

The presence of integrons and associated integron structures were identified by PCR analysis using
int, qacEAI and sull primer sets (Table 3.1). Reaction mixtures (25 ul) containing 100 ng template
DNA, 200 uM of each dNTP (Fermentas), 50 pmol of each primer, 1.5 mM MgCl, and 1 U
SuperTherm 7ag DNA polymerase (Southern Cross Biotechnology), together with 1x SuperTherm
reaction buffer, was prepared. PCR cycling parameters consists of 35 cycles of 94 °C for 30 s; 55
°C for 1 min; and 72 °C for 2 min in a MJ Mini Thermal Cycler (BioRad). An initial denaturation

step of 95 °C for 5 min and a final elongation step of 72 °C for 10 min were included in reactions.

Table 3.1: Primers used in detection of integrons and integron-associated genes

Target gene Sequence Size (bp) References
intl-integrase 1 é?gii%%g%%?é%ﬁgéigiggg 892 Jacobs and Chenia (2007)
intlI-integrase 2 i%iéég?‘%éggggéé:? ((}: 467 Jacobs and Chenia (2007)
sull — sull ggzi%%%%%iﬁ%%%%%%%g 417 Jacobs and Chenia (2007)

sulll %(:}%(%%E%%?TAGAACAA (;1:1{\ élc (g 722 Maynard et al.(2004)

qacEA1-Qac éii%%?}?i? ((}} (T:(T:((:}STC ((}}::((}}g 230 Jacobs and Chenia (2007)
Clomlimcgms  GGCNICCMGCASTMAS it st i 207
Clas2 e | CGRGATCCCCCGCATCACONTITOTS it ot Coria 207

The presence of sulll gene was identified by PCR analysis using the su/ll primer as
described by Maynard et al. (2004). Reaction mixtures (25 pl) containing 100 ng template DNA,
200 pM of each dNTP (Fermentas), 50 pmol of each primer, 1.5 mM MgCl, and 1 U
SuperTherm T7aq DNA polymerase (Southern Cross Biotechnology), together with 1x

SuperTherm reaction buffer was prepared. PCR cycling parameters consisted of 35 cycles: 5 min
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at 94°C, followed by 35 cycles of 94 °C for 30 s, 58 °C for 30 s, and 72 °C for 1.5 min. Including
a final elongation step of 72 °C for 10 min. Type strains A. caviae ATCC 15468" and A.
hydrophila ATCC 7966" as well as E. coli ATCC 35218, P. aeruginosa ATCC 35032, P.
aeruginosa ATCC 27853 and K. pneumoniae ATCC 700603 were included in assays.

3.2.2 Detection of conserved regions for class 1 and 2 integron positives
The variable regions of class 1 and class 2 intl and intIl positives, respectively, were identified
by PCR analysis using primers targeting the variable regions (CS and HEP) as described by
Jacobs and Chenia (2007). Reaction mixtures (25 pl) containing 100 ng template DNA, 200 uM
of each ANTP (Fermentas), 50 pmol of each primer, 1.5 mM MgCl, and 1 U SuperTherm Tag
DNA polymerase (Southern Cross Biotechnology), together with 1x SuperTherm reaction buffer
was prepared. PCR cycling parameters consisted of 35 cycles consisting of 5 min at 94°C, 30
cycles of 94 °C for 30 s, 53 °C for 30 s, and 72 °C for 1.5 min. A final elongation step of 72 °C
for 10 min

Seven microliters of PCR reaction mixtures was subjected to electrophoresis in 1% agarose
gels, stained in ethidium bromide, and viewed by UV transillumination to identify integrons and
their associated genes with O’GeneRuler™ 100 bp DNA Ladder and O’GeneRuler™ 100 bp DNA
Ladder Plus as DNA molecular weight markers (Fermentas) (Jacobs and Chenia, 2007).

3.3  Results

3.3.1 Identification of integron-associated components
It was observed that 10.1% (10/99) of study isolates were positive for int/ gene with
amplification of 892 bp amplicon (Fig. 3.2; Table 3.2). Figures 3.2 - 3.4 are typical examples of
PCR products of study isolates and controls obtained with intl and int/l primers. Type strain 4.
caviae ATCC 15468, and controls E. coli ATCC 35218 (Fig. 3.3), P. aeruginosa ATCC 27853
and K. pneumoniae ATCC 700603 were also positive for the int/ gene.
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Figure 3.2: Agarose gel (1.5%) electrophoresis picture of a typical example of 892 bp intl gene
amplicon obtained using int/ primer. Lanes 1-3 were M42 — M44, lane 4 was M45, lanes 5 — 12
were M46 — M53 and lane 13 was O’GeneRuler™ 100 bp DNA Ladder (Fermentas, Canada).

Figure 3.3: Agarose gel (1.5%) electrophoresis picture of a typical example of 892 bp int/ gene
amplicon obtained using int/ primer. Lane 1 was O’GeneRuler'™ 100 bp DNA Ladder
(Fermentas, Canada); lane 2 was E. coli ATCC 25922; lane 3 1s E. coli ATCC 35218; lane 4 was
M1 and lane 5 was M2.

The 467 bp intll gene was amplified from 23.2% (23/99) of isolates (Fig 3.4).
Pseudomonas aeruginosa ATCC 27853 and E. coli ATCC 35218 were also positive for intll

gene.

7 8 Bl101112 13

Figure 3.4: Agarose gel (1.5%) electrophoresis picture of a typical example of 467 bp intll gene
amplicon obtained using intll primer. Lane 1 was O’GeneRuler'™ 100 bp DNA Ladder
(Fermentas, Canada); lane 2 was A. hydrophila ATCC 7966"; lane 3 was A. caviae ATCC
15468"; lane 4 was M63; lane 5 was M64; lane 6 was M65; lane 7 was M66 and lanes 8 — 13
were M67 — M73.
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Table 3.2: Characterization of Aeromonas spp. from fish and seawater isolates based on PCR amplification of integron and associated

integron genes content and their resistance phenotypes.

Isolates Species designation  Integrase  qacEAI* sull*  sulll*  Class 1 integron  Class 2 integron Resistance phenotype
type CS (bp) HEP (bp)
M1 A. culicicola intll + - + - 700+1500+2000+ NA,0X,T
3000
M2 A. hydrophila - + - - - - AMP,AML,0X,W,RL
M5 A. hydrophila - + + - - - AMP,AML,0X,W RL
Mé6 A. hydrophila intll + - - - 2000 AMP,AML,0X,W,NA
MS8 A. allosaccharophila intll + - + - 2000 AMP,AML,AMC,0X,T,W,RL
M9 P. shigelloides - + - - - - (0):¢
M11 Aeromonas spp. intll + - - - 2000 AMP ,AML,AMC,E,OX,W
M13 A. hydrophila - + + - - - AMP,AML,OX,W,RL
Mi14 A. hydrophila intll + + - - 400 0),¢
M16 A. jandaei + + - - 700 AMP,AML,CPD,CXM,FOX,0X,W,RL
M17 A. hydrophila intll + + - - - AMP,AML,0X,W RL
M18 A. caviae - + - - - - AMP,AML
M19 A. jandaei intll + - - 2000 AMP,AML,AMC,FOX,0X,W,RL
M20 Aeromonas spp. - + - + - - AMP,AML,FOX,CPD,CXM,OX,W,RL,SXT
M21 A. allosaccharophila - + - - - - AMP,AML,AMC,FOX,CPD,CXM,0X,W,S
M22 A. culicicola - + - - - - AMP,AML,OX,W,RL
M23 A. culicicola - + + - - - AMP,AML,0X,RL
M24 A. jandaei - + - - - - AMP,AML,OX,RL
M26 Aeromonas spp. 45 intl, intll + + - 500+600+800 400 AMP,AML,OX,RL
M28 A. jandaei intl - + - 600+800+1000 - AMP,AML,OX,RL
M29 A. culicicola - + - - - AMP,AML,0X,RL
M30 A. jandaei intl - - - 600+800 - AMP,AML,0X,RL
M31 A. culicicola intl - + - 500+600+800+10 - AMP,AML,0X,W,RL
00
M32 A. culicicola - - + - - - AMP,AML,OX,RL
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M39
M41
M42
M43
M45
M46
M49
M52
MS53
M54
MSS
MS56
MS57

M358
Me1
Me62
Me63

Mo4
Mo65
Mo66
M67
Mo68
Mo69
M72
M73
M74
M75
M76
M77

A. culicicola
Aeromonas spp.
A. culicicola
Aeromonas spp. 310
. shigelloides

. shigelloides

. sobria

. hydrophila

. hydrophila

. icthiosmia

. veronii

. culicicola

R N SO SO O O O I

. veronii

. culicicola
. culicicola

. hydrophila

NG N O N

. veronii

. hydrophila
. hydrophila
. shigelloides
. shigelloides
. caviae

. bestiarum

. bestiarum

. bestiarum

s QN NQR N SO SO e T T N N

. allosaccharophila
Aeromonas spp. 45
A. salmonicida

A. salmonicida

intl, intll
intl

intll
intll

intll
intll
intl, intl]

Co+ + o+

+ + + + o+

+ o+ + o+

+ o+ + + + o+ o+ o+ o+ o+

600-+900

500+600+800+10

600+900+2000

500+650+800+90
0+1000

800+2000

00

700+2000

2000
1000+1500
2000

AMP,AML,0OX,RL

AMP,AML,0X,RL

AMP,AML,NA,OX,RL
AMP,AML,NA,0X,RL
AMP,AML,AMC,T,0X,W,RL
AMP,AML,NA,E,W,S,SXT,0X,RL
AMP,AMC,AML,0X,T
AMP,AMC,AML,CPD,CXM,E,0X,T,W,RL
AMP,AML,0X,T,W,RL
AMP,AML,AMC,E,OX,T,W,RL
AMP,AML,0X,W,RL
AMP,AML,E,NA,0X,W,RL
AMP,AML,AMC,CPD,CXM,C,E,T,0X,W,RL

AMP,AML,AMC,0X,W,RL
AMP,AML,0X
AMP,AML,0X,W,RL
AMP,AML,AMC,0X,W,RL

AMP,AML,0X,FOX,W,RL,CPD
AMP,AML,0X,W,RL
AMP,AML,0X,RL
AMP,AML,0X,RL,W
AMP,AML,AMC,CPD,0X,W,RL
AMP,AML,AMC,CPD,0X,S,W,RL
AMP,AML,0X,W,RL
AMP,AML,AMC,CXM,FOX,0X,W,RL
AMP,AML,C,NA,0X,T,W,RL
AMP,AML,CPD,CXM,C,E,0X,W
AMP,AML,AMC,CPD,0X,W,RL
AMP,AML,AMC,CPD,0X,W,RL
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MS80
Ms81
MS82
MS83
M84
M85
MS86
M87
MS88
M89
M90
M9
M92
M93
M94
M95
M96
M97
M98

M99

A. bestiarum - + + + - - AMP,AML,NA,0X,T,W
A. bestiarum - + - - - - AMP,AML,CXM,CTX,0X,W,RL
A. culicicola - + - - - . AMP,AML,AMC,ATM,CPD,CXM,E,FOX,0X,W,RL
A. bestiarum intll + + - - 400 AMP,AML,0X,W RL
A. bestiarum - + + - - - AMP,AML,0X,W RL
A. allosaccharophila intll + - + - - AMC,AMP,AML,0X,W,RL
A. hydrophila intll + + + - - AMP,AML,AMC,0X,W,RL
A. bestiarum intll + + - - 1000+1500+2000 AMP,AML,AMC,0X,W,RL
A. bestiarum intll + + + - - AMP,AML,AMC,CPD,CXM,E,FOX,0X,W,RL
A. allosaccharophila intll + - + - - AMP,AMCL,AMC,CPD,CXM,0X
A. bestiarum - + - - - AMP,AML,AMC,CXM,0OX,W,RL
A. bestiarum - + - - - AMP,AML,0X,W.RL
A. allosaccharophila intll + + + - 600+1500 AMP,AML,CPD,0OX,W,RL
A. allosaccharophila - + - - - - AMP,AML,C,NA,OX,W RL
A. hydrophila - + - + - - AMP,AML,AMC.E,OX,T,W,RL
A. hydrophila - + + - - - AMP,AML,AMC,CXM,E,OX,T,W,RL
A. bestiarum - + - - - - E,OX,T
A. bestiarum - + - - - - E,OX,T
Aeromonas spp. 310 intl + - + 500+700+800+20 - AMP,AML,OX,W,RL
00+3000
A. bestiarum - + - - - - AMP,AML,CPD,CXM,0X

*intI=integrase class 1 gene, int/l =integrase class 2 gene, gacEAI=quaternary ammonium metal, su/=sulphonamide genes, CS=integron I variable region,
Hep=integron II variable region, AMP=ampicillin (AMP10), AML=amoxicillin (AML10), AMC=augmentin (AMC30), AZM=azithromycin (AZM15),
ATM=aztreonam (ATM30), FOX=cefoxitin (FOX30), CPD=cefpodoxime (CPD10), CXM=cefuroxime (CXM30), CTX=cefotaxime (CTX5), E=erythromycin
(E15), NA=nalidixic acid (NA30), OX=oxacillin (OX1), TE=tetracycline (TE30), W=trimethoprim (W1.25), S=streptomycin (S10), RL=sulphamethoxazole
(RL25), TS=cotrimoxazole (TS25).
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Only 27.2% (27/99) were positive for the su/l gene following amplification of 417 bp
ampliner (Fig. 3.5; Table 3.2). Figures 3.5 - 3.6 are typical examples of sull and sulll PCR gene
fragments results obtained from sull and sulll primers used. Although the intl and intll genes had
been amplified, it was not possible to identify the associated sull gene for all integrase-positive
isolates by PCR. Therefore, sulll gene was targeted and a 722 bp fragment was amplified from
17.1% (17/99) of isolates (Fig. 3.6; Table 3.2). None of the type strains and controls was positive
for the sull gene, while type strain 4. caviae ATCC 15468" and E. coli ATCC 35218 were

positive for the sulll gene.

Figure 3.5: Agarose gel (1.5%) electrophoresis picture of a typical example of 417 bp sull gene
amplicon sull primer. Lane 1 was O’GeneRuler'™ 100 bp DNA Ladder (Fermentas, Canada);
lane 2 was M8S5; lane 3 was M86; lane 4 was M87; lane 5 was M8&8; lane 6 was M8&9; lane 7 was
MO90; lane 8 was M91; lane 9 was M92; lane 10 was M93, and lane 11 was M94.

123456 7—-r19101112ﬁ
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Figure 3.6: Agarose gel electrophoresis of 722 bp sulll gene amplicon using su/ll primer. Lane 1
was O’GeneRuler™ 100 bp DNA Ladder Plus (Fermentas, Canada); lane 2 was A. hydrophila
ATCC 7966"; lane 3 was A. caviae ATCC 15468"; lane 4 was E. coli 25922; lane 5 was E. coli
35218; lane 6 was P. aeruginosa ATCC 27853; lane 7 was P. aeruginosa ATCC 35032; lane 8
was K. pneumoniae 700603; lane 9 was M1 and lane 10 was M2.

It was observed that 64.6% (64/99) of study isolates carried the gacEAI gene (Fig 3.7),
with a 230 bp amplicon being obtained (Table 3.2). The gacEA1 gene was also amplified from P.
aeruginosa ATCC 35032 and E. coli ATCC 35218.
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Figure 3.7: Agarose gel (1.5%) electrophoresis picture of a typical example of 230 bp gacE41
gene amplicons using Qac primer. Lane 1wasO’GeneRuler'™ 100 bp DNA Ladder (Fermentas,
Canada); lane 2 was M54; lane 3 was M55; lane 4 was M56; lane 5 was M57; lane 6 was M58;
lane 7 was M59; lane 8 was M60 and lane 9 was M61.

Sixty percent (6/10) of intl-positive isolates were also gacEA1-positive, while 50% (5/10)
of intl positives carried the su/l gene (Table 3.2). Trimethoprim resistance was observed for 70%
(7/10) of class 1 integron-positive isolates and sulphamethoxazole resistance was also observed
for 90% (9/10) of class 1 integron-positive isolates. While 74% (17/23) of class 2 integron
positive isolates demonstrated sulphamethoxazole resistance (Table 3.2), trimethoprim resistance
was identified for 70% (16/23) of class 2 integron-positive isolates. Ampicillin resistance was
observed for 91.3% (21/23) of class 2 integron-positive isolates. All five intl positive isolates
that possessed sull gene were found to carry the gacEAIl gene as well. Among intll positives,
95.6% (22/23) were found to be gacEAI-positives, while 30.4% (7/23) of intll positives also
possessed the sulll gene. The seven intll- sulll-positive isolates were observed to also possess
the gacEAI gene (Table 3.2). Although 3% (3/99) of study isolates were observed to be positive
for both sull and sulll genes, 50% (32/64), 30% (3/10) and 17% (4/23) of qacEAIL, intl and intl]
positives did not possess either sull or sulll, respectively (Table 3.2). Three isolates: M26
Aeromonas spp. 45 from seawater), (M62 A. hydrophila from tilapia), (M76 A. salmonicida from
goldfish) were positive for intl, intll, gacEAI and sull/sulll genes (Table 3.2 and 3.3)

3.3.2 Analysis of integron gene content based on species designation and source of
isolation

The intl gene was prevalent in 4. veronii (67%; 2/3) and A. jandaei (29%; 2/7) isolates (Table

3.3). The intll gene was most prevalent in A. allosaccharophila and A. hydrophila isolates

(Table 3.3). intl was not amplified from Aeromonas spp., A. allosaccharophila, A. bestiarum, A.
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caviae, A. icthiosmia and A. sobria isolates, while intll was not amplified from Aeromonas spp.
310, 4. caviae, A. icthiosmia, A. veronii and 4. sobria (Table 3.3).

qacEAI gene was predominantly amplified from 83% (14/17) of 4. hydrophila and 74%
(14/19) of A. bestiarum isolates. The sull gene was not detected in Aeromonas spp. 310, A.
caviae, A. icthiosmia and A. veronii (Table 3.3). Greatest prevalence for sull gene was detected
for A. hydrophila (41%; 7/17) isolates, while the su/ll gene was predominantly amplified from A.
allosaccharophila (Table 3.3).

Species specificity was observed primarily for intl, intll, gacEAI, sull and sulll genes,
with A. hydrophila being the species with most positives. Although gacEA1 gene were amplified
from A. caviae, A. icthiosmia and A. sobria, no corresponding intl, intll, sull and sulll genes

were amplified (Table 3.3).

Table 3.3: Species designation-based analysis of amplified integron genes

Species intl* intlI* qacEAI* sull* sulll*
Aeromonas spp. (n=4) 0 50% (2/4) 50% (2/4) 25% (1/4) 25% (1/4)
Aeromonas spp. 45 (n=5) 20% (1/5) 40% (2/5) 50% (2/5) 60% (3/5) 0
Aeromonas spp. 310 (n=3) 33% (1/3) 0 67% (2/3) 0 33% (1/3)
A. allosaccharophila (n=8) 0 63% (5/8) 88% (7/8) 25% (2/8) 50% (4/8)
A. bestiarum (n=19) 0 16% (3/19) 74% (14/19) 26% (5/19) 16% (3/19)
A. caviae (n=3) 0 0 66.7% (2/3) 0 0
A. culicicola (n=18) 6% (1/18) 6% (1/18) 44% (8/18) 28% (5/18) 17% (3/18)
A. hydrophila (n=17) 6% (1/17) 41% (7/17) 83% (14/17) 41% (7/17) 24% (4/17)
A. icthiosmia (n=3) 0 0 33% (1/3) 0 0
A. jandaei (n=T) 29% (2/7) 29% (1/7) 43% (3/7) 14% (1/7) 0
A. salmonicida (n=2) 50% (1/2) 50% (1/2) 100% (2/2) 50% (1/2) 0
A. sobria (n=1) 0 0 100% (1/1) 0 0
A. veronii (n=3) 67% (2/3) 0 100% (3/3) 0 0
P. shigelloides (n=06) 17% (1/6) 17% (1/6) 50% (3/6) 33% (2/6) 17% (1/6)

*intI=integrase class 1 gene, int/[=integrase class 2 gene, gacEAl=quaternary ammonium metal, su/=sulphonamide
genes.

Integron-containing isolates were identified primarily from A. hydrophila (Table 3.3) and
goldfish isolates (Table 3.3). However A. allosaccharophila, A. bestiarum, A. jandaei and A.

veronii occurred frequently among positive isolates.
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Table 3.4: Source of isolation-based analysis of amplified integron genes

Source intl* intll* qacEAI* sull* sulll*
Catfish (n=13) 0 26.7% (4/15) 53% (8/15) 13% (2/15)  20% (3/15)
Goldfish (n=33) 6.1% (2/33) 30% (10/33) 85% (28/33)  33%(11/33)  85% (9/33)
Sea water (n=20) 20% (4/20) 10% (2/20) 20% (4/20) 40% (8/20) 0
Tilapia (n=33) 12% (4/33) 21% (7/33) 73% (24/33) 18% (6/33)  15%(5/33)

*intl=integrase class 1 gene, int/l =integrase class 2 gene, qacEAI=quaternary ammonium metal, su/=sulfonamide
genes.

3.3.3 Identification of conserved regions for class 1 and 2 integron positives
Only 10% (10/99) of isolates examined were positive for the int/ gene. Thus the gene cassette-
containing regions of these 10 isolates were amplified using the class 1 integron CS primers.
Amplicons of varying lengths (0.5 - 3 kb) were observed in CS profiles of all 10 isolates (Fig.
3.8; Table 3.4). Table 3.2 is a summary of all Aeromonas spp. study isolates qacEAI, intl, intll,
sull, sulll positives. The correlation between intl positives and CS variable regions, as well as
the intll positives and HEP variable regions can be observed in Table 3.2. The resistance
phenotypes identified by Duma (2012) were also correlated to int/ or intll presence in certain
cases. Figure 3.8 shows the 10 int/ positives with the various multiple bands that ranged from
500 to 3000 kb. These bands represent various gene cassettes that were not tested for in this
study.
A higher prevalence of int/l was identified in study isolates. The conserved regions of the
22 isolates were amplified using the class 2 integron HEP primer (Fig. 3.9). Only 83.0% (19/23)
of isolates yielded amplification products ranging from 0.5 — 3 kb (Table 3.2). HEP profiles were
not observed for the remaining 17.3% (4/23) of isolates. Figure 3.9 shows intll positives and
their HEP variable regions, with multiple bands representing various gene cassettes that were not
tested for in this study. Lanes 19, 20 22 and 23 seemed to lack HEP regions, as there was

smearing in these lanes.
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Figure 3.8: Agarose gel electrophoresis of CS variable regions (0.5 — 3 kb) of ten int/-positive
Aeromonas spp. isolates. Lane 1was A. caviae ATCC 15468"; lane 2 was E. coli ATCC 35218,
lane 3 was M26; lane 4 was M28; lane 5 was M30; lane 6 was M31; lane 7 was M45; lane 8
wasO’GeneRuler 100 bp DNA Ladder Plus (Fermentas, Canada); lane 9 was M57; lane 10 was
M62; lane 11 was M63; lane 12 was M76 and lane 13 was M98.

The CS and HEP regions were similar in the size of bands they contained (500 — 3000
kb) (Table 3.4). Both variable regions also seemed to demonstrate similar resistance phenotypes,
with the commonest being the resistance to ampicillin, trimethoprim and sulphamethoxazole.
However these intl and intll variable regions differ in the number of bands each isolate variable
region contained. The CS variable region had an average of 3 bands each, while the HEP

variable region had an average of 2 bands each (Table 3.4).

Figure 3.9: Agarose gel electrophoresis of HEP variable regions (0.5 — 3 kb) of 23 int/l-positive
Aeromonas sp. isolates. Lanes 1was M1; lane 2 was M6; lane 3 was M8; lane 4 was M11; lane 5
was M14; lane 6 was M17; lane 7 was M19; lane 8 was M26; lane 9 was M41; lane 10 was M53;
lane 11 was M62; lane 12 was M65; lane 13 was O’GeneRuler™ 100 bp DNA Ladder Plus
(Fermentas, Canada); lane 14 was M66; lane 15 was M74; lane 16 was M75; lane 17 was M76;
and lane 18 was M83.

53



34 Discussion

Isolates originating from aquatic sources have been shown to harbour integrons and other genes
coding for resistance determinants (Ndi and Barton, 2011). A number of studies have observed
the prevalence of class 1 integron among food-borne, environmental and clinical isolates of
Aeromonas spp. (Chang et al., 2007; Lee et al., 2008; Perez-Valdespino et al., 2009; Cizek et al.,
2010; Ndi and Barton, 2011). Studies by Nawaz et al. (2010), Kadlec et al. ( 2011) and Sarria-
Guzman et al. (2013) have demonstrated that Aeromonas spp. in aquaculture are usually
associated with class 1 integrons in the United States of America and Germany. Similarly in
Australia, Ndi and Barton (2011) detected the prevalence of class 1 integrons in Aeromonas spp.
from cultured fish. Cizek et al. (2010) observed that aecromonads from cultured ornamental (koi)
carp (Cyprinus carpio koi) and common carp (Cyprinus carpio) were associated with class 1
integrons. In South Africa, Igbinosa ef al. (2013) observed the prevalence of integron 1 in
Aeromonas spp. in two South African rivers situated in the Eastern Cape region. In the present
study, Aeromonas spp. isolated from aquatic systems and food were observed to possess both
class 1 and class 2 integrons.

Class 2 integrons have previously been identified in non-pathogenic E. coli strains from
farmed poultry and swine (Lapierre et al., 2008), and in resistant E. coli strains from wastewater
treatment plants in Italy (Pellegrini et al., 2010). Studies by Maravic et al. (2013) detected the
presence of both class 1 and class 2 integrons in environmental isolates of Aeromonas spp. In
South Africa, Jacobs and Chenia (2007) detected the presence of both class 1 and class 2
integrons in Aeromonas spp. from aquaculture systems. This is consistent with data obtained
from this study, however, in the present study there was greater incidence of class 2 integrons
than class 1 integrons.

All integron-positive Aeromonas spp. are known to be multidrug resistant to at least three
or more antimicrobials commonly in use (Kadlec et al., 2011; Ndi and Barton, 2011; Igbinosa et
al., 2013). In this study, it was observed that all class 1 and 2integron-positive isolates were
resistant to ampicillin, trimethoprim, sulphamethoxazole, and trimethoprim-sulphamethoxazole.
Trimethoprim and sulphamethoxazole resistance among class 1 integron carrying isolates was
correlated to the sull and sulll genes presence. All of class 1 integron-containing isolates (Table
3.2) were ampicillin-resistant, with 50% (5/10) possessing either a beta-lactamase gene (blazga;)

and/or extended spectrum beta-lactamase genes (blargy.i;) (Chapter Two). This is consistent with
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findings by Tacao et al. (2014), where class 1 integrons found in Aeromonas spp. like A.
hydrophila from aquatic systems were associated with extended spectrum beta-lactamase genes
and multi-drug resistance to three or more classes of antimicrobials.

Class 2 integron positive isolates demonstrated sulphamethoxazole, trimethoprim and
ampicillin resistance (Table 3.2). This is similar to findings of Maravic et al. (2013) and Moura
et al. (2007), who identified that integron carrying Aeromonas spp. were resistant to ampicillin,
cefazolin, chloramphenicol, nalidixic acid, trimethoprim, sulphamethoxazole, and trimethoprim-
sulphamethoxazole. This multidrug resistance could be an effect of co-selection of several
resistance genes in the same genetic platform or cross-resistance due to expression of a
mechanism responsible for resistance to different compounds (Tacao et al., 2014).

The detection of sull gene in 27.2% (27/99) and sulll gene in 17.1% (17/99) correlates
with the high level of resistance to trimethoprim, sulphamethoxazole, and trimethoprim-
sulphamethoxazole. Only 1.01% (1/99) of sull-containing and 3.03% (3/99) of sul/ll-containing
gene were not resistant to trimethoprim, sulphamethoxazole, and trimethoprim-
sulphamethoxazole. This could be due to lack in selection pressures required for expression
(Sarria-Guzman et al., 2013). Although there were isolates that were negative for both su/l and
sulll genes, they presented with resistance to trimethoprim, sulphamethoxazole, and
trimethoprim-sulphamethoxazole. This could be as a result of other mobile genetic elements
present in study isolates that was not tested for in this study. Similarly, 3.03% (3/99) of isolates
were observed to possess both integrase genes and 70.7% (70/99) of study isolates were negative
for both intl and intll genes. Furthermore, 61.6% (61/99) lacking both integrase genes were
observed to be resistant to either trimethoprim or sulphamethoxazole and both. This could be due
to the presence of other resistance genes being associated with plasmids and transposons which
present co-resistance to commonly used antimicrobials. This usually occurs when these strains
are exposed to single or multiple antimicrobials. This induces production of these resistance
genes through mutation or horizontal transfer (Tacao et al., 2014). In the present study 50%
(32/64) of isolates carrying the gacEAI gene were positive for both su/l and sulll genes. This is
similar to findings of Jacobs and Chenia (2007) for Aeromonas spp. isolates and for E. coli
isolates by Sunde (2005).

All study isolates positive for intl possessed CS profiles with amplicons ranging from

500 - 3000 bp, while 17.3% (4/23) of intll carrying study isolates did not yield HEP profiles
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(Table 3.2). This may as a result of empty variable regions (Sarria-Guzman et al., 2013), or gene
cassettes present in these variable regions that are less than 300 bp or too large to be amplified
(Chang et al., 2007).

In this study, species analysis of integron containing isolates suggests that intl, intll,
qacEAL, sull and sulll genes were prevalent among A. veronii, A. jandaei, A. hydrophila, A.
allosaccharophila and A. bestiarum (Tables 3.3 and 3.5). This is similar to findings by CiZek et
al. (2010), Nawaz et al. (2010), Kadlec ef al. (2011), Ndi and Barton (2011) and Sarria-Guzman
et al. (2013). Nawaz et al. (2010) observed that 4. veronii possessing class 1 integrons were
frequently isolated from catfish. However in the present study, only class 2 integrons were
observed for catfish isolates. The fish pathogen 4. salmonicida possessed intl, intll, gacEAI and
sull genes, which has been previously observed by Kadlec et al. (2011). Since integron-carrying
motile species 4. veronii biovar sobria, A. jandaei, A. hydrophila and A. caviae are associated
with human infections and possess multi-drug resistance. This poses a threat to public health as
these pathogenic aeromonads can transfer these antimicrobial resistance determinants to humans
(Kadlec et al., 2011).

Based on data from this study, Aeromonas spp. from fish and seawater are associated
with resistance determinants such as integrons, and are multi-drug resistant to several
antimicrobials commonly in use. The prevalence of both class 1 and 2 integrons increases the
possibility of horizontal gene transfer of resistance genes within the aquatic environment and to
human pathogens and suggests that they may be vectors of antimicrobial resistance genes in the
aquatic environments (Lupo ef al., 2012). This presents a challenge for treatment processes, as
the multidrug resistance phenotypes observed for Aeromonas spp. isolated from food and

environmental sources can seriously cripple chemotherapeutics that are currently in use.
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CHAPTER FOUR
CHARACTERISATION OF AQUATIC Aeromonas spp. ISOLATES’
SUSCEPTIBILITY TO PHYTOCHEMICAL COMPOUNDS: CINNAMALDEHYDE,
Kigelia africana AND VANILLIN

4.1 Introduction

According to the World Health Organization (WHO), more than 80% of the world’s population
depends on traditional plant medicine for their primary health care needs (Cowan et al., 1999). It
is estimated that around 70,000 plant species, from lichens to tall trees, have been used at one
time or another for medicinal purposes (De Britto et al., 2012b). Phytochemicals are non-
nutritive plant chemicals that have protective or disease preventive properties (de Britto et al.,
2012a). These plant chemicals are produced by plants for their protection. These phytochemicals
have antimicrobial, immunostimulating, appetite increasing, growth promoting, de-stressing, and
aphrodisiac properties (Citarasu et al., 2002; Ardo et al., 2008; Rajendiran et al., 2008;
Harikrishnan et al., 2010; Velmurugan et al., 2010; Abdel-Tawwab et al., 2012). Plant extracts
are highly efficient against resistant microbial infections. This has led to increasing interest in
phytochemical pharmacology, although phytochemicals have been in use since early man
(Phillipson, 2001). According to WHO, medicinal plants with various life-sustaining constituents
would be the best source to obtain a variety of potential, safe and novel drugs (Natarajan ef al.,
2003).

With advances in phytochemical techniques, several active principles of many medicinal
plants have been isolated and introduced as valuable drugs in modern systems of medicine
(Senthilkumar et al., 2005). The most active components of plant phytochemicals are secondary
metabolites such as alkaloids, tannins, phenolic/flavonoid compounds, sterols, terpenoids, and
proanthocyanidins (Siri et al., 2008). The antibacterial active components of plants may lyse the
cell wall, block both protein and DNA synthesis, inhibit enzyme secretions and interfere with the
signaling mechanisms of the quorum sensing pathway (Chakraborty and Hancz, 2011). Tannins
which are polyphenols that are obtained from various parts of different plants are toxic to
bacteria, and filamentous yeast (Harborne, 1973). Phenolics are known to inactivate microbial

adhesins enzymes, cell envelope, and transport proteins through non-specific forces like
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hydrogen bonding, covalent bonding, and hydrophobic effects (Saleem et al., 2010). Flavonoids
are one of the biggest classes of secondary metabolites and are distributed in various plant
species. Flavonoid efficacy is attributed to their ability to complex with extracellular and soluble
proteins and then alters permeability of bacterial cell walls and porins in microbial membrane
(Saleem et al., 2010). They protect the plant from UV radiation and other environmental stresses,
and significant antioxidant properties are associated with them. In comparison to antimicrobial
agents, phytochemicals of plant origin are not associated with many side effects and have an
enormous therapeutic potential to heal many infectious diseases (Ponnusamy et al., 2010).

Cinnamaldehyde or 3-phenyl-2-propenal, a natural flavouring substance and a major
constituent of cinnamon essential oils, occurs naturally in the bark and leaves of cinnamon trees
of the genus Cinnamomum. This potent aromatic compound demonstrates a broad spectrum of
antimicrobial activity (Nuryastuti et al., 2009). Cinnamaldehyde has been shown to have
antibacterial activities against a number of Gram-negative and Gram-positive organisms, e.g.,
Escherichia coli O157:H7, Salmonella typhimurium, Clostridium botulinum, Staphylococcus
aureus (Morozumi, 1985). The important characteristic of cinnamaldehyde is its hydrophobicity,
which enables it to enter and disturb the lipid bilayer of the cell membrane and cause increased
permeability to protons (Jia et al., 2011). Cinnamaldehyde acts by uncoupling of oxidative
phosphorylation, inhibition of active transport, loss of pool metabolites and disturbing the
synthesis of DNA, RNA, proteins, lipids and polysaccharides by inhibiting the proton motive
force, respiratory chain, electron transfer and substrate oxidation (Nuryastuti et al., 2009). The
resulting extensive leakage from bacterial cells or the exit of critical molecules and ions leads to
cell death (Denyer, 1995; Nuryastuti ef al., 2009).

Vanillin (4-hydroxy-3-methoxybenzaldehyde) is a major component of natural vanilla, (a
widely used flavouring material with generally regarded as safe status), which is a bean of the
tropical orchid Vanilla planifolia (Walton et al., 2003; Bythrow, 2006; Kappachery et al., 2010).
The mode of action of the phenylpropene phenolic aldehyde vanillin is not well understood, but
it has been proposed to function as a membrane-active compound that might have intracellular
targets. Being a phenolic compound, vanillin demonstrates antimicrobial and antioxidant
properties (Davidson and Naidu, 2000). Vanillin’s efficacy against both Gram-negative and
Gram-positive bacteria yeasts and molds has been demonstrated (Cerrutti et al. 1997; Lopez-

Malo et al. 1998; Fitzgerald et al. 2004). Vanillin inhibited respiration of E. coli and Listeria
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innocua cells, and disrupted the potassium and pH homeostasis of Lactobacillus plantarum cells
(Fitzgerald ef al., 2004). Fitzgerald ef al. (2004) observed that treatment with vanillin disrupted
membrane integrity of only a sub-population of cells and it was proposed that although vanillin
primarily is a membrane- active compound, it may also have intracellular target sites.

Kigelia africana, commonly known, as the sausage tree of the Bignoniaceae family, is
commonly found in South, Central and West Africa. The semi-deciduous tree grows wild and
gets up to 25 m in height (Figure 5.1). K. africana has been known to be effective in the therapy
of primary and secondary infections of humans as well as a disinfectant. The antimicrobial
properties of K. africana leaves, fruits and bark against Gram-negative and Gram-positive
bacteria have been investigated and reported (Eldeen and Staden, 2007; Jeyachandran and
Mahesh, 2007; Shai et al., 2008).The fruits of K. africana are a popular source of traditional
medicine throughout Africa, and Grace et al. (2002) observed the antibacterial activity of K.
africana fruits against Gram-negative and Gram-positive bacteria. Fatty acids exhibiting
antibacterial activity, vermonosides vy, flavonoids, *-sitosterols and iridoids have been isolated
from the fruits and this supports the traditional use of the plant in therapy for bacterial infections
(Gouda et al., 2003; Picerno et al., 2005; Asekun et al., 2006; Olatunji and Olubunmi, 2009;
Saini et al., 2009). Houghton (2007) demonstrated the presence of 3b, 19a-dihydroxyurs-12-ene-
28oic acid, caffeic acid and chlorgeric acid in the fruits of K. africana and 7-0-glycoside in both
the fruits and leaves. Methanolic extracts of roots and fruits of K. africana demonstrate the
presence of naphthoquinones, kigelinone, iso-pinnatal, dehydro-a-lapachone, Ilapachol,
phenylpropanoids, phenylethanoid, derivatives, p-coumaric acid and freulic acid (Saini et al.,

2009).
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Figure 4.1: Kigelia africana (Lam.) Benth. (Saini et al., 2009).
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Aeromonas spp. are autochthonous in aquatic environments and as a result form normal
flora of fish and aquatic animals. In aquaculture, over-crowding and increased stress levels
predispose fish to develop infections caused by aeromonads (Yin et al., 2009). While prevention
and treatment of these infections can be achieved using chemotherapy, the dangers of increasing
incidences of drug resistance selected for by these synthetic antimicrobials have been reported
(Yin et al., 2009). Aeromonas spp. have been reported to be resistant to penicillins,
cephalosporins, aminoglycosides, macrolides, quinolones, and tetracyclines (Goni-Urriza et al.,
2000; Radu et al., 2003; Palu ef al. 2006; Jun et al., 2010). This resistance can be transmitted by
resistance determinants (plasmids and integrons) through ingestion of contaminated water and
foods to humans (Janda and Abbott, 2010). Phytochemicals have gained special interest as
sources of natural antimicrobial and antioxidant agents because of the antimicrobial resistance of
microorganisms and the toxicities of synthetic antioxidants (Ozkan et al., 2010). In aquaculture,
phytochemicals promote various activities, including anti-stress, growth promotion appetite
simulation, tonic and immune-stimulation and antimicrobial properties (Yin et al., 2009).
Phytochemicals can be useful for the effective treatment of infectious fish diseases; enhancing
fish health and food safety and quality while conserving the aquatic environment (Yin et al.,
2009). Plant-derived phyto-medicines have great promise in the treatment of infectious disease
and thus represent a vast untapped source, which has the potential to combat pathogen infection
in aquaculture (Pakravan et al., 2011). Therefore, this study aimed to investigate the
antimicrobial activity of three phytochemical compounds; cinnamaldehyde, vanillin and Kigelia

africana fruit extracts on antimicrobial resistant aquatic Aeromonas spp.

4.2 Materials and methods
4.2.1 Maintenance of bacterial isolates

Ninety-three Aeromonas spp. and six Plesiomonas shigelloides isolates, cultured previously from
moribund or healthy koi carp, catfish, tilapia, and sea-water, were screened as well as two
Aeromonas spp. type strains viz; A. caviae ATCC 15468" and A. hydrophila ATCC 7966".
Aeromonas spp. isolates were maintained on tryptic soy agar (TSA) plates and stored at 4 °C and
for long-term storage in tryptic soy broth containing 40 % glycerol at -70 °C (Jacobs and Chenia,
2007).
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4.2.2 Preparation of crude K. africana fruit extracts
K. africana fruits were collected around the Westville Campus of University of KwaZulu-Natal.
Material was washed, dried, chopped, and oven-dried at 60°C, milled and stored in polythene
bags at 4°C. Crude extracts were prepared by sequential exhaustive extraction with ethyl acetate,
dichloromethane, and methanol by maceration and continuous shaking on an orbital shaker at
room temperature for 48 h (Kiplimo et al., 2011). Solvent extracts were concentrated using a
vacuum rotary evaporator, dried, dissolved in dimethylsulfoxide (DMSO) to a final

concentration of 100 mg/ml and stored at 4 °C.

4.2.3 Phytochemical antimicrobial activity test against study isolates
Antimicrobial susceptibility to cinnamaldehyde, vanillin and four crude K. africana extracts
were determined using the disc diffusion method. Blank discs (MAST, UK) were impregnated
with 10 pl (Img/ml), 125 pl (1mg/ml), 25 pl (10 mg/ml), 50 pl (10 mg/ml) and 125 pl (10
mg/ml) of cinnamaldehyde (Sigma); 5 pl (I mg/ml), 20 pl (1 mg/ml) and 25 pl (10 mg/ml) of
vanillin (Sigma) and 40 pl (100 pg/ml) of K. africana ethyl acetate (EX1), 40 ul (100 pg/ml) of
dichloromethane (EX2), 100 pl (100 pg/ml)of methanol (EX3), and 40 ul (100 pg/ml) of hexane
(EX4) extracts and allowed to dry.

Bacterial isolates were grown overnight on TSA agar plates and the turbidity of the cell
suspensions were adjusted equivalent to that of a 0.5 McFarland standard. These were used to
inoculate Mueller-Hinton (MH) agar plates, by streaking swabs over the entire agar surface
followed by the application of the respective phytochemical extracts discs (CLSI, 2007). Plates
were then incubated for 24 h at 30 °C. Bacterial strains Escherichia coli ATCC 29522, A.
hydrophila ATCC 7966" and A. caviae ATCC 15468 were used as antimicrobial susceptibility
testing controls. Testing was done in duplicate and tetracycline (TE30; 30 mg) and ampicillin
(AMP10; 10 mg) discs were used as standard antimicrobial agent controls. Zone diameters were
determined and averaged and the following criteria were used to assign susceptibility or
resistance to phytochemicals tested: Susceptible (S) > 15 mm, Intermediate (I) = 11 — 14 mm,
and Resistant (R) < 0 — 10 mm. Criteria for assigning susceptibility or resistance to AMP10 were
as follows: (S) > 17 mm, (I) = 14 — 16 mm, (R) < 13 mm, while those for TE30 were: (S) > 19
mm, (I) 15 — 18 mm, (R) < 14 mm (CLSI, 2007).
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Activity indices were calculated by comparing zones of inhibition obtained with each of
the extracts with those obtained with the standard antimicrobial agents, tetracycline and
ampicillin (Jeyachandran and Mahesh, 2007). The following equation was used: Activity index
(AI) = Inhibition diameter (mm) with test extract / Inhibition diameter (mm) with standard

antimicrobial agent.

43  RESULTS

4.3.1 Effect of phytochemicals on study isolates
Resistance to ampicillin was displayed by 64.6% (64/99) of isolates, while 56.5% (56/99) of
isolates demonstrated susceptibility to tetracycline (Table 4.1). Differences were observed in the
antimicrobial effect of cinnamaldehyde, vanillin and the K. africana extracts against the 93
Aeromonas spp., six P. shigelloides isolates and two type strains tested (Table 4.1; Appendix:
Table Al). No zones of inhibition were observed with all concentrations of vanillin tested (5, 20
and 250 pg/ml).

While 10 pg/ml of cinnamaldehyde did not demonstrate a bactericidal effect against all
isolates tested, 125, 250, 500 and 1250 pg/ml of cinnamaldehyde proved inhibitory for study
isolates (Table 4.1), with zone diameters ranging from 0 to 31 mm, 0 to 32 mm, 0 to 41 mm and
0 to 40 mm, respectively (Appendix: Table Al). Susceptibility was observed for 12.1% (12/99),
57.5% (57/99), 91.9% (91/99) and 98.9% (98/99) of study isolates as well as both type strains,
with 125, 250, 500 and 1250 pg/ml of cinnamaldehyde respectively (Table 4.1).

Zone diameters obtained with K. africana ethyl acetate extract (EX 1) ranged from 0 to
15 mm (Appendix: Table Al) with 78.7% (78/99) of isolates displaying resistance and 3.0%
(1/99) of isolates being susceptible (Table 4.1). Zone /diameters for the dichloromethane extract
(EX2) ranged from 0 to 13 mm (Appendix: Table A1) with 91.9% (91/99) of isolates displaying
resistance and no susceptibility being observed (Table 4.1). The methanol extract (EX3) zone
diameters ranged from 8 to 16.5 mm (Appendix: Table Al) with 13.1% (13/99) of isolates
displaying resistance, and 34.3% (34/99) of isolates being susceptible (Table 4.1). The hexane
extract (EX4) did not have an inhibitory effect on all study isolates and type strains, which
appeared to have no activity as there were no zones of inhibition (Appendix: Table Al). Among
study isolates the four different extracts exhibited varying ranges of activity, with the ethyl

acetate extract (EX 1) being the second most inhibitory against isolates. The methanol extract
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(EX 3) was the most active against study isolates, while the dichloromethane (EX 2) and hexane
extracts (EX 4) were the least active against study isolates. While the two type strains A.
hydrophila 7966" and A. caviae 15468 were susceptible to TE30, 125 to 1250 pg/ml
cinnamaldehyde and the K. africana methanol extract (EX3), they displayed resistance to
AMPI10, K. africana dichloromethane (EX2) and hexane (EX 4) extracts, and intermediate
susceptibility to K. africana ethyl acetate extract (EX1) (Table 4.1).

Table 4.1: Susceptibility analysis of ninety-three Aeromonas and six Plesiomonas spp. study

isolates to phytochemical extracts and standard antimicrobial agent

% Susceptibility/Resistance phenotype (number of isolates)

Phytochemical Susceptible Intermediate Resistant
125 pg/ml cinnamaldehyde 12 (12/99) 27 (27/99) 60 (60/99)
250 pg/ml cinnamaldehyde 57 (57/99) 26 (26/99) 16 (16/99)
500 pg/ml cinnamaldehyde 91(91/99) 7 (7/99) 1(1/99)
1250 pg/ml cinnamaldehyde 98 (98/99) 0 (99/99) 1 (1/99)
5 pg/ml vanillin 0(99/99) 0(99/99) 100 (99/99)
20 pg/ml vanillin 0(99/99) 0(99/99) 100 (99/99)
250 pg/ml vanillin 0(99/99) 0(99/99) 100 (99/99)
4 mg/ml K. afiricana EX 1 3(3/99) 18 (18/99) 78 (78/99)
4 mg/ml K. africana EX 2 0(99/99) 8 (8/99) 91 (91/99)
10 mg/ml K. africana EX 3 34 (34/99) 52 (52/99) 13 (13/99)
4 mg/ml K. africana EX 4 0(99/99) 0(99/99) 100 (99/99)
Ampicillin AMP10 8 (8/99) 27 (27/99) 64 (64/99)
Tetracycline TE30 56 (56/99) 35 (35/99) 8 (8/99)

4.3.2: Analysis of phytochemical effects on Aeromonas spp.
Isolates were assessed for susceptibility based upon species designation (Table 4.2). Upon
exposure to 500 and 1250 pg/ml cinnamaldehyde, there was complete susceptibility observed
across all Aderomonas species except for an A. allosaccharophila strain that was also resistant to
all phytochemicals tested and standards used. Aeromonas sobria strain was observed to be
resistant to all K. africana extracts used and 125 pg/ml of cinnamaldehyde, but was susceptible

to increased cinnamaldehyde concentrations (250 pg/ml, 500 pg/ml and 1250 pg/ml) and
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tetracycline. 4. bestiarum, A. culicicola, A. hydrophila, A. allosaccharophila, A. jandaei,
Aeromonas spp. 45 isolates displayed resistance to 250 ug/ml cinnamaldehyde, while isolates
belonging to the remaining Aeromonas and Plesiomonas species exhibited susceptibility (Table
4.2).

Analysis of percentage resistance based on source (Table 4.3) shows that none of the
catfish isolates were resistant to tetracycline while majority of the catfish and koi carp isolates
were resistant to ampicillin. Isolates displayed increased susceptibility on exposure to increasing
cinnamaldehyde concentrations, and greater susceptibility to K. africana EX 3 (Table 4.3).

Based on zones of inhibition obtained with phytochemicals and standard antimicrobial
agents, the relative activity indices were determined (Appendix: Table A2). An extract was
considered effective against an isolate if the activity index was > 1 (Table 4.4). Ampicillin was
regarded a poor standard for comparison since 64.6% (64/99) of the study isolates exhibited
resistance (Table 4.1). Activity indices ranging from 0 to 1.286, 0 to 1.125, 0 to 1.929 and 0,
relative to ampicillin for the K. africana extracts (EX 1, EX 2, EX 3 and EX 4) (Appendix: Table
A2), respectively. Activity indices ranging from 0 to 2.385, 0 to 2.462, 0 to 2.846 and 0 to 4.353,
relative to tetracycline, were obtained when using 125, 250, 500 and 1250 pg/ml
cinnamaldehyde, respectively (Appendix: Table A2). Activity indices for the K. africana ethyl
acetate extract (EX 1) ranged from 0 to 1.273, the dichloromethane extract (EX 2) had activity
indices ranging from 0 to 0.909, the methanol extract (EX 3) activity indices ranged from 0 to
1.600 and the hexane extract (EX 4) had activity indices of 0 (Appendix: Table A2). Based on Al
> 1, 1250 pg/ml of cinnamaldehyde was the most effective.
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Table 4.2 Analysis of percentage resistance of test isolates to phytochemicals based on species designation

Species C125* C250* C500* C1250* EX 1* EX 2* EX 3* EX 4* AMP10* TE30*
A. bestiarum 68% (13/19)  26% (5/19) 0 0 89% (17/19)  100% (19/19)  16% (3/19)  100% (19/19)  79% (15/19) 0
A. culicicola 61% (11/18)  28% (5/18) 0 0 83% (15/18)  83%(15/18)  11% (2/19)  100% (18/18)  61% (11/18) 0
A. hydrophila 65% (11/17)  12% (2/17) 0 0 76% (13/17)  88%(15/17)  12% (2/17)  100% (17/17)  65% (11/17)  12% (2/17)
A. allosaccharophila 75% (6/8) 25% (2/8)  13%(1/8)  13%(1/8) 88% (7/8) 88% (7/8) 25% (2/8) 100% (8/8) 63% (5/8) 13% (1/8)
A. jandaei 57% (4/7) 14% (1/7) 0 0 71% (5/7) 100% (7/7) 0 100% (7/7) 57% (4/7) 14% (1/7)
Aeromonas spp. 45 60% (3/5) 20% (1/5) 0 0 60% (3/5) 80% (4/5) 20% (1/5) 100% (5/5) 80% (4/5) 20% (1/5)
Aeromonas spp. 75% (3/4) 0 0 0 75% (3/4) 100% (4/4) 25% (1/4) 100% (4/4) 25% (1/4) 0
Aeromonas spp. 310 33% (1/3) 0 0 0 67% (2/3) 67% (2/3) 0 100% (3/3) 100% (3/3) 0
A. caviae 33% (1/3) 0 0 0 100% (3/3) 100% (3/3) 0 100% (3/3) 33% (1/3) 67% (2/3)
A. icthiosmia 33% (1/3) 0 0 0 33% (1/3) 100% (3/3) 0 100% (3/3) 33% (1/3) 0
A. veronii 67% (2/3) 0 0 0 67% (2/3) 100% (3/3) 0 100% (3/3) 67%( 2/3) 33% (1/3)
A. salmonicida 50% (1/2) 0 0 0 50% (1/2) 100% (2/2) 0 100% (2/2) 100% (2/2) 0
A. sobria 100% (1/1) 0 0 0 100% (1/1) 100% (1/1)  100% (1/1)  100% (1/1) 100% (1/1) 0
P. shigelloides 33% (2/6) 0 0 0 83% (5/6) 100% (6/6) 17% (1/6) 100% (6/6) 50% (3/6) 0

* C125: 125 pg/ml; C250: 250 pg/ml; C500: 500 pg/ml and C1250: 1250 pg/ml cinnamaldehyde; EX 1: (4 mg/ml) K. africana ethyl acetate extract; EX 2: 4 mg/ml K. afiicana dichloromethane extract;
EX 3: 10 mg/ml K. africana methanol extract; EX 4: 4 mg/ml K. africana hexane extract; AMP10: Ampicillin; TE30: Tetracycline.

TABLE 4.3 Analysis of percentage resistance of test isolates to phytochemicals used based on source of isolation

Source C125* C250* C500* C1250* EX 1* EX 2* EX 3* EX 4* AMP10* TE30*
Catfish 47% (7/15) 13% (2/15) 0 0 82% (12/15) 82% (12/15)  13%(2/15)  100% (15/15)  67% (10/15) 0
Gold fish 59%(19/32)  19% (6/32) 3% (1/32) 3% (1/32) 78% (25/32) 91% (29/32)  16% (5/15)  100% (32/32)  78% (25/32)  94% (3/32)
Seawater  70% (14/20)  25% (5/20) 0 0 80% (16/20) 90% (18/20)  15% (3/20)  100% (20/20)  55% (11/20) 10% (2/20)
Tilapia 63% (20/32) 9% (3/32) 0 0 78% (25/32) 100% (32/32) 9% (3/32)  100%(32/32)  56% (18/32) 9% (3/32)

* C125: 125 pg/ml; C250: 250 ug/ml; C500: 500 pg/ml and C1250: 1250 pg/ml cinnamaldehyde; EX 1: 4 mg/ml K. afiicana Ethyl acetate extract; EX 2: 4 mg/ml K. africana Dichloromethane extract;
EX 3: 10 mg/ml K. africana Methanol extract; EX 4: 4 mg/ml K. africana Hexane extract; AMP10: Ampicillin; TE30: Tetracycline.
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Table 4.4
indices >1, relative to ampicillin (AMP10) and tetracycline (TE30).

Percentage of isolates with cinnamaldehyde and K. africana extracts activity

Compound % of isolates with activity indices > 1
Study Isolates Type Strain*

Ampicillin Tetracycline Ampicillin Tetracycline

(AMP10) (TE30) (AMP10) (TE30)
125 pg/ml cinnamaldehyde 11.1(11/99) 13.13 (13/99) 0(0/2) 0(0/2)
250 pg/ml cinnamaldehyde 30.30 (30/99)  40.40 (40/99) 0(0/2) 0 (0/2)
500 pg/ml cinnamaldehyde 40.40 (40/99)  68.69 (69/99) 0(0/2) 0(0/2)
1250 pg/ml cinnamaldehyde 42.42 (42/99) 81.81 (81/99) 0(0/2) 100 (2/2)
4 mg/ml K. Africana EX 1 7.07 (7/99) 6.06 (6/99) 0(0/2) 0(0/2)
4 mg/ml K. africana EX 2 4.04 (4/99) 0 (0/99) 0(0/2) 0 (0/2)
10 mg/ml K. africana EX 3 29.29 (29/99) 33.33(33/99) 0(0/2) 0(0/2)
4 mg/ml K. africana EX 4 0 (0/99) 0 (0/99) 0(0/2) 0 (0/2)

*Type strains: A. caviae ATCC 15468" and 4. hydrophila ATCC 7966"

44  DISCUSSION

There have been a number of studies that have used 4. hydrophila as an indicator organism in
testing the efficacy of phytochemical extracts (Senthilkumar et al., 2005; MahfuzulHoque et al.,
2007; Pachanawan et al., 2008; Rajendiran et al., 2008; Siri et al., 2008; Acharyya et al., 2009;
Abdel-Tawwab et al., 2010; Awad and Austin, 2010; Dhayanithi et al., 2012). Ginger, garlic,
lupin, mango and stinging nettle have been observed to prevent 4. hydrophila disease in rainbow
trout (Awad and Austin, 2010; Nya et al., 2010). MahfuzulHoque et al. (2007) observed very
low levels of inhibition with both the water and ethanol extracts of guava (MICs 1 — 4 mg/ml),
while neem extracts had no antibacterial activity against two A. hydrophila strains. Abdel-
Tawaad et al. (2010) observed that inclusion of green tea, Camellia sinensis, in Nile tilapia diet
increased fish health against A. hydrophila infection, while the use of Psidium guajava dry leaf
powder or dried ethanol extracts in fish-feed has been suggested to reduce mortality of A.
hydrophila infected tilapia (Pachanawan ef al., 2008). The methanol extract of Excoecaria
agallocha leaves demonstrated antibacterial activity against 4. hydrophila (MIC 500 pg/ml) in
Amphiprion sebae, a marine ornamental fish (Dhayanithi et al., 2012). Siri et al. (2008) observed
a dose-dependent response by 4. caviae to phytochemicals extracted from 20 Thai plants.

Senthilkumar et al. (2005) observed that crude extract from three Indian medicinal plants
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produced antibacterial activity against A. hydrophila at high concentrations of 2.5 — 10 mg/ml,
while Acharyya et al. (2005) screened nine medicinal plant methanol extracts against A.
hydrophila and observed MICs ranging from 1 -32 mg/ml.

All the concentrations (5, 20 and 250 pg/ml) of vanillin tested did not exhibit bactericidal
activity against the study isolates. This is in keeping with findings of Kappachery et al. (2010)
and Ponnusamy et al. (2009), who observed that vanillin does not have bactericidal effects at
concentrations ranging from 63 to 250 pg/ml. Rather vanillin inhibits quorum sensing and
biofilm development of A. hydrophila. Jay and Rivers (1984) have reported that vanillin was
more effective against fungi and non-lactic Gram-positive bacteria than Gram-negative bacteria,
while Fitzgerald et al. (2004) observed that vanillin had a time of exposure, concentration and
target organism dependency to its antimicrobial activity. It was also observed that vanillin had
bacteriostatic rather than bactericidal activity. It is possible that the resistance exhibited by
Aeromonas spp. in the present study is due to the bacteriostatic activity of vanillin.

Most isolates in the present study were susceptible to tetracycline while displaying high
level resistance to ampicillin. This is to be expected because of production of inducible
chromosomal B-lactamase in Aeromonas spp. (Ghengesh et al., 2008). The phytochemicals
tested in this study had varying ranges of activity indices (Appendix A.2), with 1250 pg/ml
cinnamaldehyde being the most effective. This concurs with findings of Morozumi (1978), who
observed that cinnamaldehyde bactericidal concentrations ranged from 100 - 200 ug/ml. Ooi et
al. (2006) observed that cinnamaldehyde inhibited both Gram-negative and Gram-positive
bacteria at concentrations from 75 - 600 pg/ml. Chang et al. (2001) observed that Cinnamomum
osmophloeum essential oil extract B with cinnamaldehyde as a major component (76%) had
excellent antibacterial activity against Gram-negative and Gram-positive bacteria at 250, 500 and
1000 pg/ml concentrations. Similarly, in the present study, cinnamaldehyde demonstrated
excellent antimicrobial activity at 250 - 1000 pg/ml. As cinnamaldehyde is a registered
flavouring and foodstuff with international food safety organizations (Zhou et al., 2007), its
application to aquaculture may be feasible.

The use of K. africana tree parts for the treatment of dermal, gastrointestinal and urinary
tract infections in traditional medicine has been validated by literature (Grace et al., 2002).
Eldeen and Van Staden (2007) observed that the dichloromethane, ethyl acetate and ethanol

extracts of K. africana leaf and stem bark demonstrated antibacterial activity against Gram-

67



negative and Gram-positive bacteria. Owolabi ef al. (2007) suggested a narrow-spectrum activity
of ethanolic K. africana stem bark extract as no activity was observed against Gram-negative
bacteria. Grace et al. (2002) observed that the antibacterial activity of K. africana fruits against
Gram-negative and Gram-positive bacteria was due to the antimicrobial effects of a mixture of
three fatty acids (palmitic acid, nonanoic acid and 8-heptadecenoic acid) in an ethyl acetate fruit
extract. However in the present study, the ethyl acetate extract only moderately inhibited study
isolates while the dichloromethane extract proved less bactericidal against study isolates. The
methanolic K. africana extract (10 mg/ml) was effective with 33.3% (33/99) of study isolates
demonstrating activity indices > 1 when compared to tetracycline. This is similar to the findings
of Jeyachandran and Mahesh (2007), who observed that this organic solvent was more suitable to
verify antibacterial activity against Gram negative bacteria. This might be as a result of
methanol being an amphiphilic compound and a good solvent for extraction, since it is able
solubilise polar compounds and many non-polar compounds (de Britto, 2012a and b). Studies
carried out by Dhayanithi er al. (2012) observed that the methanolic extract Excoecaria
agallocha used exhibited maximum activity against 4. hydrophila. Based on survey of literature
available (Eldeen and Staden, 2007; Jeyachandran and Mahesh, 2007; Shai et al., 2008), there is
notable efficacy of the methanolic extract on Gram-negative bacteria. This efficacy is attributed
to exhaustive extraction quality of the organic solvent methanol, with methanol is able to
solubilise the bioactive compounds with antibacterial properties of medicinal plants
(Jeyachandran and Mahesh, 2007). The antimicrobial activity of the K. africana extracts is most
likely as a result of the synergistic action of the multiple bioactive compounds found within
them. The fruits of K. africana is known to contain flavonoids (Gouda et al., 2003; Saini ef al.,
2009), which has the ability form complexes with the cell wall of bacteria thereby compromising
its integrity. Methanolic extracts of roots and fruits of K. africana demonstrates the presence of
naphthoquinones, kigelinone, iso-pinnatal, dehydro-a-lapachone, lapachol, phenylpropanoids,
phenylethanoid, derivatives, p-coumaric acid and freulic acid as the compounds responsible for
the observed antibacterial and antifungal activity (Saini et al., 2009). The ethyl acetate extract
moderately inhibited study isolates while the dichloromethane extract proved less inhibitory
against study isolates. There appeared to be a concentration dependent difference in the
inhibitory effects of cinnamaldehyde against Aeromonas spp. This was observed for 500 pg/ml

and 1250 pg/ml concentrations there was complete inhibition observed for test isolates except for
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an A. allosaccharophila koi isolate that was resistant. Cinnamaldehyde exhibited greater efficacy
than tetracycline as an antimicrobial agent against study isolates and the K. africana methanol
extract was more effective than ampicillin as an antimicrobial agent against isolates.

In conclusion, the present study demonstrated that cinnamaldehyde and the methanol
extract of K. africana are promising candidates to be tested for their efficacy in the treatment of
multi-drug resistant aquatic Aeromonas species. Further investigations will have to be carried out
to ascertain the effects of antimicrobial agent synergy with cinnamaldehyde and K. africana

phytochemical compounds and phytotherapy of infected fish with these phytochemicals.
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CHAPTER FIVE
ANTI-BIOFILM EFFECT OF CINNAMALDEHYDE, VANILLIN AND CRUDE K.
africana FRUIT EXTRACTS AGAINST RESISTANT AQUATIC A. bestiarum
ISOLATES

5.1 Introduction

Aeromonas species are known to be successful colonizers of diverse surfaces (Lynch et al., 2002;
Bechet and Blondeau, 2003; Elhariry, 2011; Angeles-Morales et al., 2012; Vinay et al., 2013;
Igbinosa, 2014). Their possession of pili, flagella and surface adhesins play an important role in
adhesion on animal and human mucosal surfaces (Kirov et al., 2004) and establishing infection
in hosts (Janda and Abbott, 2010). Biofilm formation is a feature of persistent infection and
characterizes up to 30% of Aeromonas gastroenteric infections (Kirov et al., 2004). Aeromonas
spp. in biofilm communities are observed to be increasingly pathogenic and resistant to many
antimicrobials (Igbinosa, 2014). Biofilm formation in Aeromonas has been described as a
virulence property of this genus, aiding survival and defence mechanisms against antimicrobials
in its environment (Angeles-Morales et al., 2012; Desai and Desai, 2014).

There are several specific biofilm phenotypes that are activated on formation of a biofilm
that makes bacteria increasingly resistant (Lopez, 2010). These phenotypes may be species-
specific or general in their resistance to antimicrobials (Drenkard, 2003). Comparison of the
physiology of biofilm bacteria with that of planktonic bacteria identifies an increased resistance
to many antimicrobial agents that are used in medicine and industry (Simoes et al., 2010; Fuente-
Nunez et al., 2013). Therefore, biofilm control is important as there is an increased risk in
infections associated with biofilms and with Aderomonas spp. their possession of mobile genetic
elements increases the risk of transfer and receipt of resistance genes within and across species in
biofilms.

Since planktonic bacteria are increasingly resistant and even more so when they are in
biofilms, development of new antimicrobials are required for effective biofilm control. Several
studies that have explored the different stages of biofilm development as targets for biofilm
control (Ponnusamy et al., 2009; Simoes et al., 2010; Fuente-Nunez et al., 2013; Kostakioti et
al., 2013). The most commonly targeted are the adhesion and the dispersal stages (Ponnusamy et

al., 2009; Simoes et al., 2010; Fuente-Nunez et al., 2013). Phytochemical compounds are thus
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being investigated for their anti-adhesion and anti-biofilm properties (Borges et al., 2012).
Phytochemical compounds and plant extracts are able to inhibit biofilm formation and disperse
mature biofilms (Niu and Gilbert, 2004; Ponnusamy et al., 2009; Khan and Ahmad, 2011;
Millezi et al., 2013; Nazzaro et al., 2013). Borges et al. (2014) observed that dietary
phytochemical such as glucosinolates from cabbage, broccoli and cauliflower prevented
adhesion and biofilm formation of P. aeruginosa, S. aureus and Listeria monocytogenes. Husain
et al. (2013) observed that sub-MIC concentrations of clove oil inhibited biofilm formation of A.
hydrophila by reducing virulence properties such as protease and EPS production while not
affecting cell growth. Among the various known classes of phytochemicals, phenolic phyto-
compounds are reported to have great efficacy against biofilm formation by certain bacteria
(Vattem et al., 2007; Plyuta et al., 2013).

Cinnamaldehyde was observed to be bactericidal to Aeromonas species at 125 - 1250
pg/ml (Okolie and Chenia, 2013). It has also been observed to inhibit adhesion and biofilm
formation of Pseudomonas spp. and E. coli (Niu and Gilbert, 2004; Amalaradjou et al., 2010).
Cinnamaldehyde reduced the biofilm-forming ability of Burkholderia species by targeting QS
with an unknown mechanism of action (Brackman et al., 2009). Vanillin also a phenolic
phytochemical is a known QS inhibitor, able to inhibit both short and long chain AHLs in 4.
hydrophila (Ponnusamy et al., 2009). Antimicrobial activity was not observed at concentrations
of 5, 20 and 250 pg/ml against 4. hydrophila, A. caviae, A. icthiosmia, A. sobria, A. veronii, A.
salmonicida and A. bestiarum strains (Okolie and Chenia, 2013). However Kappachery et al.
(2010) observed that vanillin inhibited the biofilm formation of A. hydrophila at 0.18 mg/ml,
while Ponnusamy et al. (2014) observed biofilm reduction of 4. hydrophila at concentrations of
0.063 — 0.25 mg/ml.

The antimicrobial activities of K. africana have been studied (Higgins et al., 2010;
Okolie and Chenia, 2013). K. africana fruit extracts exhibited varying levels of bactericidal and
bacteriostatic activities against Aeromonas spp. at concentrations of 4 — 10 mg/ml (Okolie and
Chenia, 2013). K. africana stem bark and fruit dichloromethane extracts contain antimicrobial
compounds such as norviburtinal and isopinnatal (Higgins et al., 2010). Several studies showed
that the fruit extracts contained y-sitosterols, iridoids, phenlypropanoids, phenolics, flavonoids,
terpenoids, various oleic acids and essential fatty acids (Gouda, 2006; Saini et al., 2009; Higgins
etal., 2010).
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Aeromonas species are successful colonizers of various biotic and abiotic surfaces
(Kregiel and Niedzielska, 2014). Although A. hydrophila and A. caviae (Bechet and Blondeau,
2003; Khajanchi et al., 2009; Jahid et al., 2014) are the most common models used in studying
biofilm formation in Aeromonas species, there is very little information available on biofilm
formation by other Aeromonas species and their control. A. bestiarum is an important fish
pathogen and is known to cause motile aecromonad septicemia (MAS) (Kozinska and Guz, 2004;
Turska-Szewczuk et al., 2013). They are reported to be multi-drug resistant to several classes of
antimicrobials (Kadlec et al., 2011). 4. bestiarum in the present study was observed to be
multidrug resistant to penicillins, first, second and third generation cephalosporins, trimethoprim,
sulphamethoxazole, macrolides and aminoglycosides. It has been established that K. africana
fruit extracts possess both antimicrobial and anti-quorum sensing properties (Higgins et al.,
2010; Chenia, 2013), however, there is no information in literature about its anti-biofilm
activities. The aim of this study was thus to determine the anti-biofilm effect of trans-
cinnamaldehyde, vanillin and Kigelia africana fruit extracts against multi-drug resistant A.

bestiarum isolates.

5.2 Materials and Methods

5.2.1 Bacterial isolates
Aeromonas bestiarum (n = 19; Table 5.1) were selected for study. Antimicrobial resistance
phenotype (Duma, 2012), and source of isolation of the 19 A4. bestiarum strains are shown in
Table 5.1. Type strains 4. caviae ATCC 15468" and A. hydrophila ATCC 7966" were used as

controls for both the initial attachment and pre-formed, mature biofilm assays.

5.2.2 Effect of phytochemicals on initial attachment (IA) and mature biofilm (MB)

by A. bestiarum
Trans-cinnamaldehyde, vanillin, K. africana fruit extracts (as described in Chapter four) and
commercial 10% ethanol K. africana (PhytoForce, SA) extract, were used to determine their
effect on initial attachment and biofilm detachment using modified microtiter plate assays
(Basson et al., 2008). Isolates were grown overnight in TSB, washed three times with sterile

distilled water and the turbidity of the cell suspensions adjusted to that equivalent to a 0.5
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McFarland standard. The first assay investigated the effect of phytochemicals and/or extracts on
initial attachment of aeromonad isolates.

Phytochemicals/extracts at a final concentration of 50 and 100 pg/ml trans-
cinnamaldehyde (Table 5.2), 100 and 250 pg/ml vanillin, 150 and 300 mg/ml of 10% ethanolic
(PhytoForce) extract of K. africana, and 0.5, 1, 2 and 4 mg/ml each of K. africana extracts (EX1,
EX2, EX3, and EX4) were added to 90 ul TSB and 10 pl of respective cell suspensions and
incubated for 24 h at 30 °C with agitation.

For the second assay, biofilms were grown for 24 h without treatment at 30 °C, following
which pre-formed biofilms were exposed to respective trans-cinnamaldehyde, vanillin, 10%
ethanolic extract of K. africana and K. africana fruit extracts in TSB (90 pl) and incubated for a
further 24 h at 30 °C with agitation. The negative control contained only broth, while the positive
controls contained the respective cell suspensions in TSB with no phytochemicals added.

Contents of each well were aspirated, washed three times with 250 pl of sterile distilled
water and the remaining cells were fixed with 200 pl of methanol for 15 min. After air-drying,
wells were stained with 150 pl of 2% Hucker’s crystal violet for 5 min. Excess crystal violet was
removed by gently rinsing plates under running tap water and air dried. Dye bound to the
adherent cells was resolubilized with 150 pl of 33% (v/v) glacial acetic acid, and the optical
density (OD) of each well was obtained at 595 nm using the GloMax (Ascent F1, Thermo lab
systems). Tests were done in triplicate, on three occasions and the results averaged (Basson et
al., 2008). The OD595 nm of the control wells without phytochemicals were compared to wells
with phytochemicals to determine the effect of these phytochemicals on biofilm formation.

A measure of efficacy called Percentage biofilm reduction was calculated from the blank

(negative control), control (positive control), and treated absorbance values (Pitts et al., 2003):

(C-B)- (T-B)

B ] X 100, where B denotes the average absorbance per well

Percentage reduction =

for blank wells (no biofilm, no treatment), C denotes the average absorbance per well for control
wells (biofilm, no treatment), and T denotes the average absorbance per well for treated wells

(biofilm and treatment).
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Table 5.1: Aeromonas bestiarum strains selected for anti-biofilm study of phytochemicals and crude extracts of K. africana fruit

extracts.
Strains Source Resistance Phenotypes” bla-* bla-* intl' intll’ qac” sull’ sulll’ cs’ HEP’
TEMI TEMII
M12 A. bestiarum Catfish AMP,AML,0X,W,RL
M69 A. bestiarum Goldfish AMP,AML,AMC,CPD,OX,W,S,RL + +
M70 A. bestiarum Goldfish AMP,AML,AMC,CPD,O0X,T,W,RL
M71 A. bestiarum Goldfish AMP,AML,CPD,CXM,E,OX,W
M72 A. bestiarum Goldfish AMP,AML,0X,W,RL +
M73 A. bestiarum Goldfish AMP,AML,AMC,CXM,FOX,0X,W,RL
M78 A. bestiarum Goldfish AMP,AML,AMC,CPD,CXM,0OX,W,RL
M79 A. bestiarum Goldfish APM,AML,0X
M80 A. bestiarum Goldfish AMP,AML,NA,OX,T,W + + + +
MS81 A. bestiarum Goldfish AMP,AML,CXM,CTX,0X,W,RL +
M&3 A. bestiarum Goldfish AMP,AML,0X,W RL + + +
M84 A. bestiarum Goldfish AMP,AML,0X,W RL + +
M7 A. bestiarum Goldfish AMP,AML,AMC,0X,W,RL + + + +
M88 A bestiarum  Goldfish ~ AMP,AML,AMC,CPD,CXM,E,FOX,0X,W,RL + + + +
M90 A. bestiarum Goldfish AMP,AML,AMC,CXM,O0X,W RL +
MOI1 A. bestiarum Goldfish AMP,AML,O0X,W RL +
M96 A. bestiarum Goldfish E,OX,T +
M97 A. bestiarum Goldfish E,OX,T + +
M99 A. bestiarum Goldfish AMP,AML,CPD,CXM,0X +

*intI=integrase class 1 gene, intll =integrase class 2 gene, gacEAI=quaternary ammonium metal, su/=sulphonamide genes, CS=integron I variable region,
Hep=integron II variable region AMP=ampicillin (AMP10), AML=amoxicillin (AML10), AMC=augmentin (AMC30), AZM=azithromycin (AZM15),
ATM=aztreonam (ATM30), FOX=cefoxitin (FOX30), CPD=cefpodoxime (CPD10), CXM=cefuroxime (CXM30), CTX=cefotaxime (CTX5), E=erythromycin
(E15), NA=nalidixic acid (NA30), OX=oxacillin (OX1), TE=tetracycline (TE30), W=trimethoprim (W1.25), S=streptomycin (S10), RL=sulphamethoxazole
(RL25), TS=cotrimoxazole (TS25).
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5.2.3 Statistical analysis
Differences in adhesion between untreated and treated samples were determined by Paired #-tests
or Wilcoxon signed rank tests if the homogeneity of variances test failed (Sigma Stat V3.5,

Systat Software, Inc; San Jose, CA, USA). Differences were considered significant if p< 0.05.

5.3 Results

5.3.1 Effect of phytochemicals on initial attachment and biofilm formation by

Aeromonas spp. isolates

Since cinnamaldehyde was bactericidal against study isolates at concentrations (125 - 1250
pg/ml; Chapter Four), sub-inhibitory concentrations of 50 and 100 pg/ml were used to ascertain
the anti-biofilm effect. Treatment with 50 pg/ml cinnamaldehyde decreased adhesion for both A.
caviae ATCC 15468" and A. hydrophila ATCC 7966" while 100 pg/ml increased adhesion of 4.
caviae ATCC 15468" (Fig. 5.1). Treatment of A. bestiarum biofilms with 50 and 100 pg/ml
concentrations of cinnamaldehyde exhibited similar anti-biofilm activities. Following treatment
with 50 pg/ml cinnamaldehyde, decreased adhesion of 73.7% (14/19) of isolates, increased
adhesion of 21.1% (4/19) of isolates and no effect on 5.3% (1/19) of isolates was observed.
Treatment with 50 pg/ml in the initial attachment assay resulted in statistical significant altered
adherence (p = 0.025). The 100 pg/ml concentration decreased adhesion of 63.2% (12/19) of
isolates, increased adhesion of 26.3% (5/19) of isolates and had no effect on adhesion for 10.5%
(2/19) of isolates (Fig. 5.1). Treatment with 100 pg/ml in the initial attachment assay resulted in
statistical significant altered adherence (p = 0.123).

Decrease in adhesion for A. caviae ATCC 15468" and A. hydrophila ATCC 7966" were
observed on treatment with 100 and 250 pg/ml of vanillin (Fig. 5.2). While 5, 20 and 250 pg/ml
concentrations did not demonstrate antimicrobial activity against study isolates, the 100 and 250
pg/ml concentrations of vanillin exhibited similar activities against 4. bestiarum biofilms. Where
the 100 pg/ml concentration decreased adhesion of 15.8% (3/19) of isolates and increased
adhesion for 84.2% (16/19) of isolates. Treatment with 100 pg/ml in the initial attachment assay
resulted in statistical significant altered adherence (p = 0.758).Treatment with 250 pg/ml
concentration decreased adhesion of 47.4% (9/19) of isolates, increased adhesion of 42.1%

(8/19) of isolates and had no effect on adhesion for 10.5% (2/19) of isolates (Fig. 5.2). Treatment
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with 50 pg/ml in the initial attachment assay resulted in statistical significant altered adherence
(»p=0.011).

A. caviae isolate ATCC 15468" and A. hydrophila ATCC 7966" exhibited an increase in
adhesion on treatment with both concentrations of K. africana ethanol extract (Fig. 5.3).
Exposure to 150 pg/ml K. africana ethanol extract increased adhesion of 100% (19/19) of
isolates. Treatment with 150 pg/ml in the initial attachment assay resulted in statistical
significant altered adherence (p = 0.001).While 300 pg/ml decreased adhesion for 5.3% (1/19) of
isolates and increased adhesion for 94.7% (18/19) of isolates (Fig. 5.3). Treatment with 300
pg/ml in the initial attachment assay resulted in statistical significant altered adherence (p =
0.001).

The sub-inhibitory concentrations (0.5, 1 and 2 mg/ml) and inhibitory concentration (4
mg/ml) used for the four extracts of K. africana (EX1, EX2, EX3 and EX4) exhibited varying
levels of activities against 4. bestiarum adhesion in the initial attachment assay (Fig. 5.1 — 5.7;
Table 5.2). For A. caviae ATCC 15468", treatment with 0.5 and 2 mg/ml of the EXI extract
increased adhesion while treatment with 1 and 4 mg/ml decreased adhesion. For 4. hydrophila
ATCC 7966, treatment with 0.5, 1 and 2 pg/ml decreased adhesion, while 4 mg/ml had no effect
on adhesion (Fig. 5.4). Reduction in adhesion was observed for 42.1% (8/19) of isolates and
increased adhesion of 57.9% (11/19) of isolates on treatment with 0.5 mg/ml of EX1. Treatments
with 1 mg/ml of extract resulted in decreased adhesion for 15.8% (3/19) of isolates and increase
in adhesion for 84.2% (16/19) of isolates. The 2 mg/ml concentration decreased adhesion for
31.6% (6/19) isolates and increased adhesion for 68.4% (13/19). Treatment with 0.5, 1 and 2
pg/ml in the initial attachment assay resulted in statistical significant altered adherence (p =
0.289), (p = 0.002), (p = 0.015) respectively.While the 4 mg/ml concentration decreased
adhesion for 47.4% (9/19) and increased adhesion for 52.6% (10/19) of isolates (Fig. 5.4).
Treatment with 4 pg/ml in the initial attachment assay resulted in statistical significant altered
adherence (p = 0.726).

Both A. caviae ATCC 15468" and A. hydrophila ATCC 7966" exhibited decreased
adhesion on treatment with all concentrations of EX2 extract (0.5, 1, 2 and 4 mg/ml) (Fig. 5.5).
Treatment of 4. bestiarum isolates with 0.5 mg/ml EX2 extract decreased adhesion of 52.6%
(10/19) of isolates, increased adhesion of 36.4% (7/19) of isolates and had no effect on 10.5%

(2/19) of isolates. Treatment with 0.5 mg/ml in the initial attachment assay resulted in statistical
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significant altered adherence (p = 0.961). Both 1 and 2 mg/ml concentrations decreased adhesion
of 42.1% (8/19) isolates, increased adhesion for 52.6% (10/19) and no effect on 5.3% (1/19) of
isolates. Treatment with 1 and 2 mg/ml in the initial attachment assay resulted in statistical
significant altered adherence (p = 0.080) (p = 0.325) respectively. Exposure to 4 mg/ml
concentration decreased adhesion of 42.1% (8/19) of isolates, increased adhesion of 47.4%
(9/19) of isolates and had no effect on 10.5% (2/19) of isolates (Fig. 5.5). Treatment with 4
mg/ml in the initial attachment assay resulted in statistical significant altered adherence (p =
0.812).

For EX3 extract, treatment of A. caviae ATCC 15468" with 0.5, 1 and 4 mg/ml decreased
adhesion, while 2 mg/ml increased adhesion. For A. hydrophila ATCC 7966", treatment with all
concentrations (0.5, 1, 2 and 4 mg/ml) decreased adhesion (Fig. 5.6). Treatment of isolates with
0.5 mg/ml decreased adhesion of 36.8% (7/19) of isolates and increased adhesion of 63.1%
(12/19) of isolates. Treatment with 0.5 mg/ml in the initial attachment assay resulted in statistical
significant altered adherence (p = 0.150). Decreased adhesion of 26.3% (5/19) of isolates and
increased adhesion of 73.7% (14/19) of isolates was observed on treatment with 1, 2 and 4
mg/ml (Fig. 5.6). Treatment with 0.5, 1, 2 mg/ml in the initial attachment assay resulted in
statistical significant altered adherence (p = 0.008) (p = 0.015) (p = 0.006) respectively.

EX4 extract treatment of A. caviae ATCC 15468 at all concentrations (0.5, 1,2 and 4
mg/ml) decreased adhesion, while for A. hydrophila ATCC 7966T, treatment with 0.5, 2 and 4
mg/ml decreased adhesion of biofilms and 1 mg/ml had no effect on adhesion (Fig. 5.7).
Treatment of study isolates with both 0.5 mg/ml EX4 extract decreased the adhesion of 15.8%
(3/19) of isolates, increased adhesion of 73.7% (14/19) of isolates and had no effect on adhesion
of 10.5% (2/19) of isolates. Treatment with 0.5 mg/ml in the initial attachment assay resulted in
statistical significant altered adherence (p = 0.006).Treatment with 2 mg/ml decreased the
adhesion for 21.1% (4/19) isolates and increased adhesion for 78.9% (15/19) isolates. Treatment
with 2 mg/ml in the initial attachment assay resulted in statistical significant altered adherence (p
= 0.001). While both 1 and 4 mg/ml decreased the adhesion for 10.5% (2/19) isolates and
increased adhesion for 89.5% (17/19) (Fig. 5.7). Treatment with 1 and 4 mg/ml in the initial
attachment assay resulted in statistical significant altered adherence (p = 0.001) (»p = 0.001).
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Figure 5.1: Effect of 50 and 100 ug/ml of cinnamaldehyde on initial attachment of 4. bestiarum isolates following addition at the time
of inoculation, using micro-titre plate assays. Data represents the mean standard deviations of three replicates on three separate

occasions.
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Figure 5.2: Effect of 100 and 250 pg/ml vanillin on initial attachment of A. bestiarum isolates following addition at the time of
inoculation, using micro-titre plate assays. Data represents the mean standard deviations of three replicates on three separate

occasions.
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Figure 5.3: Effect of 150 and 300 pg/ml 10% K. africana ethanol (PhytoForce) extract on initial attachment of A. bestiarum isolates
following addition at the time of inoculation, using the micro-titre plate assays. Data represents the mean standard deviation of three

replicates on three separate occasions.
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Figure 5.4: Effect of 0.5, 1, 2 and 4 mg/ml ethyl acetate EX1 K. africana fruit extract on initial attachment of A. bestiarum isolates
following addition at the time of inoculation, using the micro-titre plate assays. Data represents the mean standard deviation of three

replicates on three separate occasions.
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Figure 5.5: Effect of 0.5, 1, 2 and 4 mg/ml dichloromethane EX2 K. africana fruit extract on initial attachment of A. bestiarum
isolates following addition at the time of inoculation, using the micro-titre plate assays. Data represents the mean standard deviation of

three replicates on three separate occasions.
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Figure 5.6: Effect of 0.5, 1, 2 and 4 mg/ml methanol EX3 K. africana fruit extract on initial attachment of 4. bestiarum isolates
following addition at the time of inoculation, using the micro-titre plate assays. Data represents the mean standard deviation of three

replicates on three separate occasions.
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Figure 5.7: Effect of 0.5, 1, 2 and 4 mg/ml hexane EX4 K. africana fruit extract on initial attachment of 4. bestiarum isolates
following addition at the time of inoculation, using the micro-titre plate assays. Data represents the mean standard deviation of three

replicates on three separate occasions.
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5.3.2 Effect of phytochemicals on mature biofilm of 4. bestiarum isolates
Type strains A. caviae ATCC 15468" and A. hydrophila ATCC 7966" exhibited similar trends
where 50 and 100 pg/ml concentrations of cinnamaldehyde increased detachment of biofilm
(Fig. 5.8). Treatment of A. bestiarum biofilms with 50 and 100 pg/ml concentrations of
cinnamaldehyde exhibited varying anti-biofilm activities pre-formed biofilm assay. Following
treatment with 50 pg/ml increased detachment was observed for 63.2% (12/19) of isolates (Table
5.2) and increased adhesion for 36.8% (7/19) of isolates. Treatment with 50 pg/ml in the pre-
formed biofilms assay resulted in statistical significant altered adherence (p = 0.144). Exposure
to 100 pg/ml increased detachment for 57.9% (11/19) of isolates and increased adhesion for
42.1% (8/19) of isolates (Fig. 5.8). Treatment with 100 pg/ml in the pre-formed biofilms assay
resulted in statistical significant altered adherence (p = 0.457).

Increase in detachment of A. caviae ATCC 15468" and A. hydrophila ATCC 7966"
biofilms was observed on exposure to 100 and 250 pg/ml concentrations of vanillin (Fig. 5.9).
Treatment with 100 pg/ml in the pre-formed biofilms assay resulted in statistical significant
altered adherence (p = 0.799). Treatment with 100 and 250 pg/ml concentrations of vanillin
demonstrated similar activities against A. bestiarum biofilms. Exposure to 100 pg/ml increased
detachment for 63.2% (12/19) of isolates and increased adhesion for 36.8% (7/19) of isolates.
Treatment with 250 pg/ml increased detachment for 57.9% (11/19) of isolates and increased
adhesion for 42.1% (8/19) of isolates (Fig. 5.9). Treatment with 250 pg/ml in the pre-formed
biofilms assay resulted in statistical significant altered adherence (p = 0.145).

By contrast, 4. caviae ATCC 15468" and A. hydrophila ATCC 7966" exhibited an
increase in adhesion on exposure to both concentrations of K. africana ethanol extract (Fig.
5.10). Treatment with both 150 and 300 pg/ml of K. africana ethanol extract increased
detachment for 10.5% (2/19) of isolates and increased adhesion of 89.5% (17/19) of isolates
(Fig. 5.10). Treatment with 150 pg/ml and 300 pg/ml in the pre-formed biofilms assay resulted
in statistical significant altered adherence (p = 0.001) (p = 0.001) respectively.

The various concentrations (0.5, 1, 2 and 4 mg/ml) used for the four K. africana (EXI1,
EX2, EX3 and EX4) extracts exhibited varying levels of inhibition against 4. bestiarum adhesion
in the pre-formed assay (Fig. 5.11 — 5.14; Table 5.2). Following treatment of A. caviae ATCC
15468" and A. hydrophila ATCC 7966 with 0.5, 1, 2 and 4 mg/ml EX1 extract, increased
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detachment for biofilms was observed (Fig. 5.11). Treatment with 0.5 mg/ml EX1 extract
exhibited increased detachment for 47.4% (9/19) of isolates and increased adhesion for 52.6%
(10/19) of isolates. Treatment with 0.5 pg/ml in the pre-formed biofilms assay resulted in
statistical significant altered adherence (p = 0.395). Treatment with 1 mg/ml increased
detachment for 31.6% (6/19) of isolates and increased adhesion for 68.4% (13/19) of isolates.
Treatment with 1pg/ml in the pre-formed biofilms assay resulted in statistical significant altered
adherence (p = 0.059). Treatment with 2 mg/ml increased detachment for 31.6% (6/19) of
isolates, increased adhesion for 57.9% (11/19) of isolates and had no effect for 10.5% (2/19) of
isolates. Treatment with 2 pg/ml in the pre-formed biofilms assay resulted in statistical
significant altered adherence (p = 0.889).Treatment of isolates with 4 mg/ml increased
detachment for 42.1% (8/19) of isolates and increased adhesion for 57.9% (11/19) of isolates
(Fig. 5.11). Treatment with 4 pg/ml in the pre-formed biofilms assay resulted in statistical
significant altered adherence (p = 0.241).

Treatment of A. caviae ATCC 15468" with 0.5 and 1 mg/ml EX2 extract increased
detachment of biofilms, while 2 and 4 mg/ml had no effect. For A. hydrophila ATCC 7966" 0.5,
I and 2 mg/ml increased detachment for biofilms, while 4 mg/ml had no effect (Fig. 5.12).
Following treatment with 0.5, 2 and 4 mg/ml of EX2 extract, increased detachment for 47.4%
(9/19) of isolates and increased adhesion for 52.6% (10/19) of isolates was observed. Treatment
with 0.5, 2 and 4 pg/ml in the pre-formed biofilms assay resulted in statistical significant altered
adherence (p = 0.703) (p = 0.619) and (p = 0.609) respectively. Treatment with 1 mg/ml
increased detachment for 26.3% (5/19) of isolates, increased adhesion for 63.2% (12/19) of
isolates and had no effect on 10.5% (2/19) of isolate (Fig. 5.12). Treatment with 1 pg/ml in the
pre-formed biofilms assay resulted in statistical significant altered adherence (p = 0.039).

For A. caviae ATCC 15468" exposure to 0.5, 1, 2 and 4 mg/ml of EX3 extract increased
detachment for biofilms, while for 4. hydrophila ATCC 7966" treatment with 1, 2 and 4 mg/ml
increased detachment for biofilms and the 0.5 mg/ml had no effect (Fig. 5.13). Treatment of test
isolates with 0.5 mg/ml EX3 extract increased detachment for 42.1% (8/19) of isolates and
increased adhesion for 57.9% (11/19) of isolates. Treatment with 0.5 pg/ml in the pre-formed
biofilms assay resulted in statistical significant altered adherence (p = 0.942). Increased
detachment for 36.8% (7/19) of isolates, increased adhesion for 57.9% (11/19) of isolates and no

effect against 5.3% (1/19) of isolate was observed on treatment with 1 mg/ml. Treatment with 1
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pg/ml in the pre-formed biofilms assay resulted in statistical significant altered adherence (p =
0.172). Following treatment with 2 mg/ml, increased detachment for 42.1% (8/19) of isolates and
increased adhesion for 57.9% (11/19) of isolates was observed. Treatment with 2 pg/ml in the
pre-formed biofilms assay resulted in statistical significant altered adherence (p = 0.807).
Exposure of isolates to 4 mg/ml increased detachment for 36.8% (7/19) of isolates and increased
adhesion for 63.2% (12/19) of isolates (Fig. 5.13). Treatment with 4 pg/ml in the pre-formed
biofilms assay resulted in statistical significant altered adherence (p = 0.414).

For A. caviae ATCC 15468 treatment with all concentrations (0.5, 1, 2 and 4 mg/ml) of
EX4 extract increased detachment for biofilms, while for A. hydrophila ATCC 7966" treatment
with 0.5, 1, and 2 mg/ml increased detachment for biofilms and the 4 mg/ml had no effect (Fig.
5.14). Treatment of test isolates with 0.5 mg/ml EX4 extract, increased detachment for 21.1%
(4/19) of isolates and increased adhesion for 78.9% (15/19) of isolates. Treatment with 0.5 pg/ml
in the pre-formed biofilms assay resulted in statistical significant altered adherence (p = 0.008).
Exposure to 1 mg/ml increased detachment for 10.5% (2/19) of isolates, increased adhesion for
84.2% (16/19) of isolates and had no effect on 5.3% (1/19) of isolates. Treatment with 1 pg/ml in
the pre-formed biofilms assay resulted in statistical significant altered adherence (p =
0.002).Treatment of isolates with 2 mg/ml increased detachment for 15.8% (3/19) of isolates and
increased adhesion for 84.2% (16/19) of isolates. Treatment with 2 pg/ml in the pre-formed
biofilms assay resulted in statistical significant altered adherence (p = 0.010). Exposure to 4
mg/ml increased detachment for 10.5% (2/19) of isolates, increased adhesion for 78.9% (15/19)
of isolates and had no effect for 10.5% (2/19) of isolate (Fig. 5.14). Treatment with 4 pg/ml in

the pre-formed biofilms assay resulted in statistical significant altered adherence (p = 0.005).
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Figure 5.8: Effect of 50 and 100 pg/ml cinnamaldehyde on pre-formed biofilm of A. bestiarum isolates following addition to 24 h

biofilm, using micro-titre plate assays. Data represents the mean standard deviation of three replicates on three separate occasions.
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Figure 5.9: Effect of 100 and 250 pug/ml vanillin on pre-formed biofilm of 4. bestiarum isolates following addition to 24 h biofilm,

using micro-titre plate assays. Data represents the mean standard deviation of three replicates on three separate occasions.
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Figure 5.10: Effect of 150 and 300 pg/ml commercial ethanol K. africana extract (PhytoForce) on pre-formed biofilm of 4. bestiarum
isolates following addition to 24 h biofilm, using micro-titre plate assays. Data represents the mean standard deviation of three

replicates on three separate occasions.
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Figure 5.11: Effect of 0.5, 1, 2 and 4 mg/ml ethyl acetate EX1 K. africana fruit extract on pre-formed biofilm of 4. bestiarum isolates
following addition to 24 h biofilm, using micro-titre plate assays. Data represents the mean standard deviation of three replicates at

three separate occasions.
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Figure 5.12: Effect of 0.5, 1, 2 and 4 mg/ml dichloromethane EX2 K. africana fruit extract on pre-formed biofilm of 4. bestiarum
isolates following addition to 24 h biofilm, using micro-titre plate assays. Data represents the mean standard deviation of three

replicates on three separate occasions.
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Figure 5.13: Effect of 0.5, 1, 2 and 4 mg/ml methanol EX3 K. africana fruit extract on pre-formed biofilm of 4. bestiarum isolates
following addition to 24 h biofilm, using micro-titre plate assays. Data represents the mean standard deviation of three replicates at

three separate occasions.
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Figure 5.14: Effect of 0.5, 1, 2 and 4 mg/ml hexane EX4 K. africana fruit extract on pre-formed biofilm of 4. bestiarum isolates
following addition to 24 h biofilm, using micro-titre plate assays. Data represents the mean standard deviation of three replicates at

three separate occasions.
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Table 5.2: Effect of phytochemicals and K. africana extracts on initial attachment and pre-

formed biofilm of 4. bestiarum strains

Phytochemicals

% Decrease

Initial attachment

% Increase

% No effect

Pre-formed biofilm

% Decrease

% Increase

% No effect

Cinnamaldehyde (50 pg/ml) 21.1 (4/19)  73.7(14/19) 53 (1/19)  63.2(12/19)  36.8(7/19) 0
(100 pg/ml) 63.2(12/19) 263 (5/19)  10.5(2/19) 57.9(11/19) 36.8(7/19) 5.3 (1/19)

Vanillin (100 pg/ml) 158 (3/19)  84.2(16/19) 0 36.8 (7/19)  63.2(12/19) 0

(250 pg/ml) 47.4(9/19)  42.1(8/19)  10.5(2/19)  42.1(8/19)  57.9 (11/19) 0

Kigelia aficana ethanol (150 mg/ml) 0 100 (19/19) 0 10.5(2/19)  89.5 (17/19) 0

(300 mg/ml) 53(1/19)  89.5(17/19)  53(1/19)  10.5(2/19)  89.5(17/19) 0

EX1: EA (0.5 mg/ml) 52.6(10/19)  36.8(7/19)  10.5(2/19)  47.4(9/19)  52.6 (10/19) 0
( mg/mi) 42.1(8/19)  52.6(10/19) 53 (1/19)  263(5/19)  89.5(12/19)  10.5 (2/19)

(2 mg/ml) 42.1(8/19)  52.6(10/19) 53 (1/19)  47.4(9/19)  52.6(10/19) 0

(4 mg/ml) 42.1(8/19)  47.4(9/19)  10.5(2/19)  47.4(9/19)  52.6 (10/19) 0

EX2: DCM (0.5 mg/ml) 42.1(8/19)  57.9(11/19) 0 474 (9/19)  52.6(10/19) 0

(1 mg/ml) 15.8(3/19)  84.2(16/19) 0 31.6 (6/19)  68.4(13/19) 0
@ mg/mi) 31.6(6/19)  68.4 (13/19) 0 31.6(6/19)  57.9(11/19)  10.5(2/19)

(4 mg/ml) 47.4(9/19)  52.6(10/19) 0 31.6 (6/19)  68.4(13/19) 0

EX3: MeOH (0.5 mg/ml) 158 (3/19)  78.9(15/19)  53(1/19)  21.1(4/19)  78.9(15/19) 0
(1 mg/ml) 10.5(2/19)  89.5(17/19) 0 53(1/19)  842(16/19)  10.5(2/19)

2 mg/ml) 21.1 (4/19)  78.9 (15/19) 0 158 (3/19)  84.2(16/19) 0
(4 mg/ml) 10.5(2/19)  89.5(17/19) 0 10.5(2/19) 789 (15/19)  10.5 (2/19)

EX4: HEX (0.5 mg/ml) 36.8(7/19)  63.2(12/19) 0 42.1(8/19)  57.9(11/19) 0
(1 mg/ml) 21.1(4/19)  78.9(15/19) 0 36.8(7/19)  57.9(11/19) 5.3 (1/19)

2 mg/mi) 21.1 (4/19)  78.9 (15/19) 0 42.1(8/19)  57.9(11/19) 0

(4 mg/mi) 21.1 (4/19)  78.9 (15/19) 0 36.8(7/19)  63.2(12/19) 0

5.3.3 Analysis of percentage biofilm reduction data of A. bestiarum isolates in

presence of phytochemicals/ extracts for initial attachment (IA) and mature

biofilm (MB) assays

The percent reduction following phytochemical/extracts treatments at time of inoculation and on

pre-formed biofilm, respectively, are shown in Table 5.3. For initial attachment assays, 50 pg/ml

cinnamaldehyde treatment inhibited initial attachment of 68.4% (13/19) of isolates. Percent

reduction for 50 pg/ml cinnamaldehyde ranged from 1.18 to 39.79% and percent induction

ranged from 0.70 to 140.56% (Table 5.3). Cinnamaldehyde treatment (100 pg/ml) inhibited
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initial attachment of 78.9% (15/19) of isolates. Percent reduction ranging from 0.30 to 57.93%
and percent induction ranging from 3.10 to 55.47%.

Treatment with 100 pg/ml vanillin inhibited initial attachment of 52.6% (10/19) of
isolates (Table 5.3). Its percent reduction ranged from 0.45 to 42.00% and percent induction
ranged from 1.88 to 91.94%. While 250 pg/ml vanillin inhibited initial attachment of 15.8%
(3/19) of isolates, its percent reduction ranged from 4.31 to 29.86% and percent induction ranged
from 2.27 to 73.53%.

Exposure to 150 mg/ml K africana ethanol extract (PhytoForce) did not inhibit initial
attachment of isolates (Table 5.3), rather it induced adhesion for isolates and percent induction
ranged from 8.14 to 206.07%. Exposure to 300 mg/ml K africana ethanol extract inhibited initial
attachment of 5.3% (1/19) of isolates.

Treatment with 0.5 mg/ml K africana EX1 extract inhibited initial attachment of 42.10%
(8/19) of isolates (Table 5.3). Percent reduction for 0.5 mg/ml K africana EX1 extract ranged
from 6.33 to 34.21% and percent induction ranged from 9.58 to 72.79%. Exposure of isolates to
1 mg/ml inhibited initial attachment of 15.8% (3/19) of isolates and its percent reduction ranged
from 2.12 to 18.09% and percent induction ranged from 1.21 to 84.28%. Treatment with 2 mg/ml
inhibited initial attachment for 31.60% (6/19) with a range of 3.81 to 22.14% reduction percent
and 10.33 to 56.34% percent induction. The 4 mg/ml concentration inhibited initial attachment
for 47.40% (9/19). Its percent reduction ranged from 3.10 to 51.987% and percent induction
ranged from 2.89 to 73.90%. K africana EX2 extract 0.5 mg/ml treatment inhibited initial
attachment of 47.40% (9/19) of isolates (Table 5.3). Percent reduction for 0.5 mg/ml K africana
EX2 extract ranged from 2.03 to 39.29% and percent induction ranged from 0.03 to 67.83%.
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Table 5.3: Percentage biofilm reduction in the presence of phytochemicals and K. africana fruit extracts on initial attachment (IA)

and mature biofilms (MB) of 4. bestiarum multidrug resistant isolates.

*9%o biofilm reduction

A. caviae A. hydrophila Mi12 Mo69 M70 M71 M72
Phytochemicals *JA  *MB 1A MB 1A MB 1A MB 1A MB 1A MB 1A MB
Cinnamaldehyde (50 pg/ml) -8.57 12.2 22.36 32.87 -27.02 -111.43 18.87 23.63 -11.89 -24.97 39.79 6.74 -140.56  -68.53
(100 pg/ml) 15.03 40.16 32.97 51.35 -3.1 -94.01 25.54 -6.6 0.3 -25.04 57.93 11.08 -33.37  -41.75
Vanillin (100 pg/ml) 8.75 17.41 18.36 29.47 -16.14 -29.15 -3.19 -17.91 -35.43 -22.75 8.15 4.4 -91.94 -71.96
(250 pg/ml) 31.18 2.08 32.81 38.38 -31.42 -91.7 -51.08 -27.75 -6.04 -38.65 -3.67 -4.61 -73.53 -84.63

Kigelia africana ethanol (150 mg/ml) -57.4 -102.46 -41.06 -37.36 -206.07  -158.81 -29.29 -55.96 -85.3 -43.77 -54.1 -1096  -134.61  -204.7
(300 mg/ml) 9945  -108.61 -61.1 -49.04 -199.95  -161.07 -15.24 -68.31 -12097 7195  -44.57 -27.22  -17037 -229.41

EX1: EA (0.5 mg/ml) -13.52 1.31 8.68 9.49 -65.78 -28.13 -13.97 6.33 -15.15 -45.66  -23.23 6.4 -67.56 -87.63
(1 mg/ml) 5.85 9.04 18.39 2.82 -56.82 -136.24 -16.88 -25.8 -18.4 -49.95  -28.85 4.73 <7593 -144.48

(2 mg/ml) -13.77 12.45 28.65 28.96 -56.34 -22.76 5.79 0.45 -41.37 -12.39  -24.83 17.35 -56.31  -135.74

(4 mg/ml) 1.6 23.26 -0.47 2.59 -73.9 -38.33 -2.89 -1848  -16.11 -12.2 -35.45 8.87 -45.7 -143.01

EX2: DCM (0.5 mg/ml) 16.66 13.57 30.93 23.06 -63.44 -86.84 5.23 -28.34 -9.36 -35.51 15.31 8.2 -61.63 -35.38
(1 mg/ml) 31.99 26.64 21.35 5.51 -72.52 -133.04 10.48 -28.62 -33.63 -44.92 -0.98 5.74 -117.06  -93.37

(2 mg/ml) 15.9 0.17 40.41 28.29 -48.41 -65.52 -6.5 -38.19 -21.55 -20.15 -31.31 4.5 -93.47 -111.7

(4 mg/ml) 2.8 0.52 19.48 0.92 -63.09 -63.96 -0.73 -18.58 -8.16 -16.24 -3.25 9.09 -38.14 -90.93

EX3: MeOH (0.5 mg/ml) 19.16 12.53 19.75 0.01 -68.35 -49.04 15.17 -25.86 -9.02 -40.63 41.34 11.64 -68.3 -80.24
(1 mg/ml) 3.03 33 2891 27.29 -68.26 -153.68 -23.6 -20.29 -16.26 -43.93 16.25 -0.82 -77.33  -113.78

(2 mg/ml) -9.67 3.03 40.05 37.27 -73.11 -87.66 -5.76 -19.83 -17.56 -17.33 13.59 10.4 -68.72  -151.98

(4 mg/ml) 17.33 14.92 27.57 29.09 -53.38 -113.86 7.23 -3.26 -19.44 -49.97  -15.05 -4.64 -68.07 -145.4

EX4: HEX (0.5 mg/ml) 31.19 14.47 6.63 1.19 -59.5 -53.15 9.23 -18.15 -40.38 -47.31 -18.89 3.33 -56.49  -132.32
(1 mg/ml) 18.95 12.85 -2.51 9.63 -102.24  -111.24 -39.88 -29.32 -47.61 -45.71  -14.61 -2.37 -84.85 -143.9

(2 mg/ml) 45.69 15.83 -5.28 37.44 -131.55 -35.11 -45.85 -16.73 -60.06 3.54 -28.34 -2.78 -107.28  -174.59

(4 mg/ml) 16.73 12.42 -14.66 -0.64 -137.19 -3.81 3.18 -29.83 -55 -1.05 -52.55 -8.39 -118.03  -135.47
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*%o biofilm reduction

M73 M78 M79 MS80 Ms81 MS83 M84
Phytochemicals IA MB IA MB IA MB IA MB IA MB IA MB IA MB
Cinnamaldehyde (50 pg/ml) -68.40 -30.04 -13.00 -27.03 12.41 -24.24 14.73 -3.87 19.54 40.50 2.84 32.35 19.74 17.95
(100 pg/ml) -55.47 -28.96 14.06 2.06 29.78 -20.87 28.51 32.90 21.36 57.40 31.56 28.59 40.86 45.07
Vanillin (100 pg/ml) -16.70 -38.03 1.59 -1.12 0.45 6.06 -15.38 30.73 -12.86 14.86 15.82 30.19 -1.89 34.04
(250 pg/ml) -26.14 -35.48 -3.24 -10.14 431 14.62 -29.44 1.09 -8.64 7.88 4.85 -16.91 -9.37 34.52
Kigelia africana ethanol (150 mg/ml) -79.59 -47.69 -18.58 -27.09 51.02 -16.07 -9.25 -72.71 -93.82 9.24 -14.59 -73.49 -80.64 27.04
(300 mg/ml)  -93.19 -66.51 -57.67 -16.40 97.20 -19.82 5.47 -57.41 -66.86 10.32 -11.73 -93.80  -112.89  22.87
EX1: EA (0.5 mg/ml) -71.08 -32.16 9.00 1.52 13.13 30.83 7.20 -75.24 1036 3.82 -6.08 -72.43 -9.58 49.80
(1 mg/ml) -83.91 -28.66 -13.36 -1.89 22.01 19.29 -3.59 -56.79  -11.92 11.96 -4.02 -46.86 -28.81 20.13
(2 mg/ml) -52.23 -36.77 5.42 6.65 10.33 55.01 -19.15 -65.98  -51.30 6.46 -13.71 -29.79 22.14 48.32
(4 mg/ml) -44.02 -36.34 22.36 12.94 11.59 69.44 16.24 -60.65  -14.37 6.46 -13.84 -25.37 27.31 50.28
EX2: DCM (0.5 mg/ml) -0.44 -29.19 13.26 32.35 2.03 13.14 -0.03 15.24 -1.03 43.53 13.62 -14.94 35.34 42.20
(1 mg/ml) -23.16 -34.04 3.73 16.79 28.84 -12.29 -1.34 -9.31 7.01 7.48 13.95 -44.89 -44.18 25.46
(2 mg/ml) -31.39 -8.84 3.16 11.35 5.76 30.71 -15.74 -25.80 22.97 11.47 6.23 -14.85 -55.42 48.89
(4 mg/ml) -76.85 -29.02 -1.22 8.98 14.66 38.17 12.98 -34.29 0.24 10.71 -5.77 -18.28 -22.67 45.14
EX3: MeOH (0.5 mg/ml) -71.96 -22.10 0.97 -13.17 18.26 22.01 -5.59 13.72 16.49 46.27 5.47 -10.09 9.80 14.27
(1 mg/ml) -94.70 -19.16 -13.12 -25.05 15.27 -11.79 -3.41 13.17 -7.53 37.36 3.47 -24.68 4.52 22.85
(2 mg/ml) -89.57 -6.31 -14.17 -34.90 2.80 12.50 -19.38 -7.06 -18.65 42.32 -14.98 -13.26 16.90 44.54
(4 mg/ml) -11.62 -15.83 -13.99 -51.35 10.40 430 -24.51 -4.02 -3.20 38.15 -24.81 -31.95 7.07 30.21
EX4: HEX (0.5 mg/ml) -67.60 -34.02 -11.20 -36.46 34.21 -17.90 -4.98 -17.33 -15.88 3.25 -20.62 -64.96 -61.27 37.05
(1 mg/ml) -71.63 -32.39 -5.02 -36.40 48.24 -18.87  -24.10 -44.51 -27.14 13.09 -33.89 -77.07 -67.33 33.97
(2 mg/ml) -48.69 -27.82 -8.34 -46.49 48.12 -25.24 -30.26 -58.16 -66.93 8.60 -38.05 -68.85 -60.41 44.43
(4 mg/ml) -43.98 -35.17 -25.95 -15.28 63.68 -9.88 -22.71 -76.39 -80.29 12.57 -36.72 -61.20 -70.50 56.43
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*%o biofilm reduction

M87 MS88 M90 MoI1 M96 M97 M99

Phytochemicals 1A MB 1A MB 1A MB IA MB IA MB IA MB IA MB
Cinnamaldehyde (50 pg/ml) 19.60 -7.85 27.11 44.37 33.40 34.53 1.18 10.24 -0.77 11.91 6.45 9.04 6.40 41.28
(100 pg/ml) 35.96 -19.24 42.13 30.06 42.31 34.30 8.38 4.78 20.94 18.07 4.88 14.61 13.56 52.68

Vanillin (100 pg/ml) 11.02 -7.55 42.00 -20.69 9.96 25.05 11.78 -14.02 8.95 17.07 4.14 -56.93 -1.88 2.07
(250 pg/ml) -9.58 -28.14 29.86 -23.71 -2.74 12.18 -41.14 -56.19 -2.49 19.42 -4.76 -42.09 -16.78 30.09
Kigelia africana ethanol (150 mg/ml) -8.17 -27.66 -8.14 -3.43 -26.34 -10.53  -39.93 -111.54  -34.21 -15.12 -44.25 -77.30 -90.12 -58.58
(300 mg/ml) -21.88 -28.8 -2.46 -33.90 -41.30 -19.37  -20.53  -100.50 -29.83 -23.36  -38.05  -126.81 -112.64  -59.98

EX1: EA (0.5 mg/ml) 34.21 -8.41 31.66 -8.40 26.48 36.42 -34.59 -14.85 19.25 3.05 -16.43 -2.24 -72.79 4.69
(1 mg/ml) -1.21 -23.63 17.94 -7.61 18.09 33.18 -40.49 -31.37 2.12 -4.31 -42.74 -9.83 -84.28 -6.59

(2 mg/ml) 1291 0.05 30.94 -12.36 3.81 35.62 -14.05 -20.76 -11.02 -6.37 -15.14 -28.07 -55.16 -7.84
(4 mg/ml) 33.70 -10.10 51.98 -5.28 11.42 32.6 -24.27 -55.28 25.34 -7.86 3.10 -25.21 -64.35 -14.96

EX2: DCM (0.5 mg/ml) 7.27 -0.86 39.29 -9.56 29.32 25.69  -24.55 -29.98 -6.88 6.63 -13.35 -11.13 -67.83 20.18
(1 mg/ml) 5.17 -19.92 17.50 -26.20 21.99 3536  -22.63 -64.27 -18.78 -0.35 6.83 -59.36 -68.81 -0.72

(2 mg/ml) 37.73 3.86 50.11 56.29 19.59 48.87 1.65 -12.47 -6.96 8.59 5.38 -46.06 -54.90 -2.26

(4 mg/ml) 37.23 7.57 52.07 71.92 43.36 5146  -16.05 -39.55 13.90 3.78 -0.75 -49.59 -46.13 -2.85

EX3: MeOH (0.5 mg/ml) -5.24 -22.25 27.85 16.32 2.89 2230  -11.49 -1.69 12.33 8.28 -24.82 -2.65 -73.86 -8.28

(1 mg/ml) -3.81 -24.79 9.78 26.54 -12.43 6.34 -33.63 -31.14 13.06 7.08 -13.76 47.07 -90.52 6.11

(2 mg/ml) -6.23 -7.16 8.50 15.27 13.87 16.66  -10.53 -10.32 2.82 0.56 -8.65 47.01 -54.38 9.15

(4 mg/ml) -11.01 -15.34 -1.47 27.19 16.82 23.13 -36.53 -21.44 10.25 4.11 -6.43 -25.48 -82.26 18.99

EX4: HEX (0.5 mg/ml) 21.04 -19.75 33.39 -17.59 -0.68 -16.65  -29.54 -21.50 12.32 4.79 -0.26 -28.63 -79.45 -9.40
(1 mg/ml) -10.88 -21.58 21.38 -21.47 -1494  -16.62  -43.63 -42.61 18.40 -0.11 -45.49 -76.77 -97.92 -25.23
(2 mg/ml) 4.68 -7.35 42.80 -14.38 -11.39 -16.61  -32.28 -55.69 3.46 -5.68 10.66 -52.15 -56.85 -31.72
(4 mg/ml) -3.20 -14.76 25.13 -12.53 -13.14 -9.46 -32.08 -58.93 25.63 -6.45 -9.65 -74.45 -66.06 -36.90

*IA = initial attachment, MB = mature biofilm, %Biofilm reduction = [ ((C — B) — (T — B))/(C — B) ] X 100. Where B=average absorbance per well for blank wells,
C = average absorbance per well for control wells, T = average absorbance per well for treated wells (Pitts ez al., 2003).
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Exposure of isolates to 1 mg/ml inhibited initial attachment of 42.10% (8/19) of isolates,
and its percent reduction ranged from 3.73 to 21.99% while the percent induction ranged from
0.98 to 117.06%. Treatment with 2 mg/ml inhibited initial attachment for 42.10% (8/19) with a
range of 1.65 to 50.11% reduction percent and 5.76 to 93.47% percent induction. The 4 mg/ml
concentration inhibited initial attachment for 36.8% (7/19), while its percent reduction ranged
from 0.24 to 52.07% and percent induction ranged from 0.73 to 63.04%.

Treatment with 0.5 mg/ml K africana EX3 extract inhibited initial attachment of 42.10%
(8/19) of isolates (Table 5.3). Percent reduction for 0.5 mg/ml K africana EX3 extract ranged
from 0.97 to 41.34% and percent induction ranged from 5.24 to 73.86%. Exposure of isolates to
1 mg/ml inhibited initial attachment of 26.30% (5/19) of isolates. Its percent reduction ranged
from 3.47 to 16.25% and percent induction ranged from 3.81 to 94.70%. Treatment with 2 mg/ml
inhibited initial attachment for 26.30% (5/19) with a range of 2.82 to 16.90% reduction percent
and 2.80 to 89.57% percent induction. The 4 mg/ml concentration inhibited initial attachment for
21.10% (4/19). Its percent reduction ranged from 7.07 to 16.827% and percent induction ranged
from 3.20 to 82.26%.

Treatment with 0.5 mg/ml K africana EX4 extract inhibited initial attachment of 15.80%
(3/19) of isolates (Table 5.3). Percent reduction for 0.5 mg/ml K africana EX4 extract ranged
from 12.32 to 33.39% and percent induction ranged from 0.26 to 79.45%. Exposure of isolates to
1 mg/ml inhibited initial attachment of 10.5% (2/19) of isolates. Its percent reduction ranged
from 18.40 to 21.38% and percent induction ranged from 5.02 to 102.24%. Treatment with 2
mg/ml inhibited initial attachment for 21.10% (4/19) with a range of 3.46 to 42.80% reduction
percent and 11.37 to 107.28% percent induction. The 4 mg/ml concentration inhibited initial
attachment for 10.50% (2/19). Its percent reduction ranged from 3.18 to 25.137% and percent
induction ranged from 3.20 to 137.19%.

In the pre-formed biofilm assays, 50 pg/ml cinnamaldehyde inhibited the biofilm of
74.1% (11/19) of isolates (Table 5.3). Percent reduction for 50 pg/ml cinnamaldehyde ranged
from 6.74 to 44.37% and percent induction ranged from 3.87 to 111.43%. The 100 pg/ml
cinnamaldehyde treatment inhibited the biofilm of 63.2% (12/19) of isolates, while the percent
reduction for 100 pg/ml cinnamaldehyde ranged from 02.06 to 57.40% and percent induction
ranged from 6.60 to 94.01%.
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Treatment with 100 pg/ml vanillin inhibited the biofilm of 47.4% (9/19) of isolates
(Table 5.3). Percent reduction for 100 pg/ml vanillin ranged from 2.07 to 34.04% and percent
induction ranged from 1.12 to 71.96%, while 250 pg/ml vanillin inhibited the biofilm of 36.8%
(7/19) of isolates. Percent reduction for 250 pg/ml vanillin ranged from 1.09 to 34.52% and
percent induction ranged from 4.61 to 91.70%.

Exposure to 150 mg/ml K africana ethanol extract (PhytoForce) inhibited the biofilm of
15.8% (3/19) of isolates (Table 5.3). Its percent reduction ranged from 9.24 to 27.64% and
percent induction ranged from 3.43 to 158.81. While 300 mg/ml K africana ethanol extract
treatment inhibited the biofilm of 15.8% (3/19). Its percent reduction ranged from 10.32 to
23.36% and percent induction ranged from 16.40 to 229.41.

Treatment with 0.5 mg/ml K africana EX1 extract inhibited the biofilm of 47.40% (9/19)
of isolates (Table 5.3). Percent reduction for 0.5 mg/ml K africana EX1 extract ranged from 1.52
to 49.80% and percent induction ranged from 2.24 to 87.63%. Exposure of isolates to 1 mg/ml
inhibited the biofilm of 26.30% (5/19) of isolates. Its percent reduction ranged from 4.73 to
33.18% and percent induction ranged from 1.89 to 144.48%. Treatment with 2 mg/ml inhibited
the biofilm for 42.10% (8/19) with a range of 0.45 to 55.01% reduction percent and 6.37 to
135.74% percent induction. The 4 mg/ml concentration inhibited the biofilm for 31.60% (6/19).
Its percent reduction ranged from 6.46 to 69.447% and percent induction ranged from 5.28 to
143.01%.

Exposure to 0.5 mg/ml K africana EX2 extract inhibited the biofilm of 47.40% (9/19) of
isolates (Table 5.3). Percent reduction for 0.5 mg/ml K africana EX2 extract ranged from 8.20 to
43.53% and percent induction ranged from 0.86 to 86.84%. Exposure of isolates to 1 mg/ml
inhibited the biofilm of 26.30% (5/19) of isolates. Its percent reduction ranged from 5.74 to
35.36% and percent induction ranged from 0.72 to 133.04%. Treatment with 2 mg/ml inhibited
the biofilm for 47.40% (9/19) with a range of 3.86 to 56.29% reduction percent and 2.26 to
111.70% percent induction. The 4 mg/ml concentration inhibited the biofilm for 47.40% (9/19).
Its percent reduction ranged from 3.78 to 71.92% and percent induction ranged from 2.85 to
90.93%.

Treatment with 0.5 mg/ml of K africana EX3 extract inhibited the biofilm of 42.10%
(8/19) of isolates (Table 5.3). Percent reduction for 0.5 mg/ml K africana EX3 extract ranged
from 8.28 to 46.27% and percent induction ranged from 1.69 to 80.24%. Exposure of isolates to
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1 mg/ml inhibited the biofilm of 36.8% (7/19) of isolates. Its percent reduction ranged from 6.11
to 37.36% and percent induction ranged from 0.82 to 153.68%. Treatment with 2 mg/ml
inhibited the biofilm for 42.10% (8/19) with a range of 0.86 to 44.54% reduction percent and
6.31 to 151.98% percent induction. The 4 mg/ml concentration inhibited the biofilm for 36.80%
(7/19). Its percent reduction ranged from 4.11 to 38.15% and percent induction ranged from 3.26
to 145.40%.

Exposure to 0.5 mg/ml K africana EX4 extract inhibited the biofilm of 21.10% (4/19) of
isolates (Table 5.3). Percent reduction for 0.5 mg/ml K africana EX4 extract ranged from 3.25 to
37.05% and percent induction ranged from 9.40 to 53.15%. Exposure of isolates to 1 mg/ml
inhibited the biofilm of 10.5% (2/19) of isolates. Its percent reduction ranged from 13.09 to
33.97% and percent induction ranged from 0.11 to 143.90%. Treatment with 2 mg/ml inhibited
the biofilm for 15.80% (3/19) with a range of 3.45 to 44.43% reduction percent and 2.78 to
174.59% percent induction. The 4 mg/ml concentration inhibited the biofilm for 10.50% (2/19).
Its percent reduction ranged from 12.57 to 56.43% and percent induction ranged from 1.05 to

135.47%.

5.4  Discussion
In aquaculture, antimicrobial resistance is increasingly being observed and is responsible for
losses going up to millions annually (Cabello et al., 2013). Aeromonas spp. are known fish
pathogens forming biofilms in their aquatic environment and are resistant to various
antimicrobials used in aquaculture (Janda and Abbott, 2010; Igbinosa and Okoh, 2013). In this
study the effects of cinnamaldehyde, vanillin, K. africana fruit extracts (EX1, EX2, EX3 and
EX4), as well as commercially available ethanolic K. africana extract were investigated for their
anti-biofilm properties against multidrug resistant A. bestiarum isolates.

There have been several studies on aeromonad biofilm formation (Bechet and Blondeau,
2003; Khajanchi et al., 2009; Jahid et al., 2014), however, none have used 4. bestiarum as a
study model. 4. bestiarum is an important fish pathogen that is multidrug resistant to several
antimicrobials presently in use (Kadlec et al., 2011). Data from this study shows that A.
bestiarum isolates sourced from ornamental fish and catfish are multidrug resistant to ampicillin,
trimethoprim, sulphamethoxazole and first, second and third generation cephalosporins (Table

5.1).
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Plants are being extensively investigated for novel antimicrobial and anti-pathogenic
phytochemicals that attenuate virulence properties (Chenia, 2013; Husain et al., 2013; Nazzaro et
al., 2013). All concentrations of phytochemicals and K africana extracts used in this study
seemed promising as anti-biofilm agents (Table 5.2). However these phytochemicals/extracts
were more effective in treating performed biofilms than initial attachment (Tables 5.2 and 5.3).

Cinnamaldehyde is a known phytochemical, with anti-quorum sensing and anti-biofilm
properties (Brackman et al., 2008; Niu et al., 2006). In the present study, the sub-inhibitory
concentrations (50 and 100 pg/ml) of cinnamaldehyde were more effective in treating initial
attachment than pre-formed biofilms (Tables 5.2 and 5.3). In contrast, Amalaradjou ef al. (2010)
observed an eradication of 24 h pre-formed biofilms of uropathogenic E. coli on treatment with
250 pg/ml of cinnamaldehyde. However for type strains 4. caviae and A. hydrophila the sub-
inhibitory cinnamaldehyde concentrations were more effective in treating pre-formed biofilms
(Tables 5.2 and 5.3).

Vanillin has been shown to be a suitable and sustainable anti-biofilm agent, which
inhibits biofilm formation without affecting cell growth (Ponnusamy et al., 2009; Kappachery et
al., 2010). Kappachery et al. (2010) observed that 0.063 — 0.25 mg/ml concentrations of vanillin
reduced biofilm formation and biofilm biomass thickness of A. hydrophila considerably over
seven days while not inhibiting planktonic cell growth. In the present study, 100 pg/ml
concentration of vanillin was more effective against initial attachment than pre-formed biofilms.
However, 250 pg/ml was more effective against pre-formed biofilms than initial attachment
(Tables 5.2 and 5.3). In contrast, Kappachery ef al. (2010) observed that 0.063 — 0.25 mg/ml
concentrations of vanillin had no effect on 24 h pre-formed biofilms. It is important to note the
difference in aeromonad models used, as multidrug A. bestiarum biofilms may behave differently
than A. hydrophila biofilms. For type strains A. caviae and A. hydrophila both concentrations of
vanillin were effective in treating initial attachment and pre-formed biofilms (Tables 5.2 and
5.3).

Kigelia africana is used traditionally in the treatment of a cornucopia of infections
ranging from skin infections to urinary tract infections (Saini et al., 2009; Dada et al., 2010;
Higgins et al., 2010). In addition to their antimicrobial activities, K. africana fruit extracts have

also been explored for its anti-pathogenic uses (Chenia, 2013). Sub-MIC and MIC of K. africana
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fruit extracts (0.31 — 8.20 mg/ml) were active against QSing inhibition in C. violaceum without
reducing cell growth (Chenia, 2013).

Data from this study shows that K. africana EX2 fruit extract was the second most
effective phytochemical/extract used in treating initial attachment and pre-formed biofilms
(Table 5.2 and 5.3). There is no information in current literature on anti-biofilm effects of K.
africana fruit extracts. However, Chenia (2013) observed the efficacy of K. africana extracts
(EX1, EX2, EX3 and EX4) against QS in Chromobacterium violaceum in the order EX4 > EX2
> EX1 > EX3. This substantiates results from this study as biofilm formation is a virulence
property of bacteria controlled by QS phenomenon. Overall, other fruit extracts of K. africana
used were effective against initial attachment and pre-formed biofilms in the order EX2 > EX3 >
EX1 > EX4, while K. africana ethanolic extract (PhytoForce) (150 and 300 mg/ml), induced
adhesion in both initial attachment and pre-formed biofilm assays (Tables 5.2 and 5.3). Exposure
of type strains 4. caviae and A. hydrophila to various concentrations of K. africana fruit extracts
showed that they were more effective in treating preformed biofilms than initial attachment
(Table 5.2 and 5.3).

In conclusion, cinnamaldehyde was more effective in inhibiting initial attachment and
pre-formed biofilms of multidrug 4. bestiarum than other phytochemical/extracts used in this
study. Future work can be designed to elucidate the anti-biofilm mode of action of these

phytochemicals/extracts against multidrug resistant 4. bestiarum.
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CHAPTER SIX

CONCLUSIONS
Aeromonas spp. are primary and opportunistic pathogens of humans and animals and they are
responsible for great economic losses in aquaculture. They are ubiquitous in aquatic
environments, this increases contact and infection rate with this genus (Janda and Abbott, 2010).
Antimicrobial resistance is increasingly being described in aecromonads and they are known to be
associated with resistance determinants and mobile genetic elements such as integrons, plasmids
and transposons (Janda and Abbott, 2010). Aeromonas spp. are also known biofilm formers,
although, 4. caviae and A. hydrophila are the two most studied models. Phytochemicals are
being explored in the search for alternative and sustainable antimicrobial agents (Siri et al., 2008;
Dhayanithi et al., 2012; de Britto et al., 2011; de Britto et al., 2012a, b). This study thus
investigated the presence of genetic resistance determinants in Aeromonas spp. and the
antimicrobial and anti-biofilm effect of phytochemicals and crude fruit K. africana extracts on
resistance isolates of Aeromonas spp.

The blargy gene was observed to be the most prevalent beta-lactamase gene among study
isolates (34.3%; 34/99). Although ESBL resistance was observed in study isolates, correlating
gene phenotypic resistance with gene content was not possible as the blaSHV gene wasn’t
identified among the eight ESBL producers. Three isolates (M81, M82 and M88) were positive
for both blacrx.pr.;s and blacry.ar genes.

Antimicrobial resistance determinants such as integrons have been previously identified
in Aeromonas spp. (Chang et al., 2007; Jacobs and Chenia, 2007; Maravic et al., 2013). Study
isolates were observed to possess class 1 (10.1%; 10/99) and class 2 (23.2%; 23/99) integrons
and 12.1% (12/99) were noted to be positive for both class 1 and 2 integrons. The sul gene
(46.4%; 46/99) was identified with two primer sets su/l and sulll. Although not all isolates that
were positive for intl (30%; 3/10) and intll (17%; 4/23) integrons were positive for ths su/ gene.
The gacEAI gene was observed to be prevalent among study isolates with 64% (64/99) being
positive for this gene.

Cinnamaldehyde (250 — 1250 pg/ml) was observed to be the most effective
phytochemical against study isolates. Of the four K. africana fruit extracts tested, the methanol
extract (4 mg/ml) was more effective in inhibiting study isolates. Although vanillin possesses

anti-biofilm properties, all concentrations used were observed to be ineffective in inhibiting
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study isolates. Overall the K. africana extracts efficacy was in the order EX3 > EX1 > EX2 >
EX4.

Cinnamaldehyde was the best phytochemical/extract used in initial attachment assay, all
concentrations (50 and 100 pg/ml) used were effective against A. bestiarum biofilms. The second
most effective phytochemical/extract used was the K. africana EX2 (dichloromethane), it was
observed that EX2 was effective against 4. bestiarum biofilms in both initial attachment and pre-
formed biofilm assays. All of vanillin used (100 and 250 pg/ml) was effective against A.
bestiarum biofilms in both initial attachment and pre-formed biofilm assays.

Future studies may target the elucidation of the mode of action of
phytochemicals/extracts against Aeromonas spp., the active antimicrobial and anti-biofilm
compounds in K. africana extracts (EX1, EX2, EX3 and EX4) and possible synergistic use of
phytochemicals and K. africana extracts with standard antimicrobials against Aeromonas spp. in

aquaculture.
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APPENDIX

Table Al: Zones of inhibition (mm) obtained with cinnamaldehyde and K. africana extracts as well as standard antimicrobial agents,

ampicillin (AMP10) and tetracycline (TE30), against water-and fish-associated Aeromonas spp. isolates

*

Isolates Source Species ID C125* (C250* CS500* C1250 EX1* EX 2* EX 3* EX 4 AMP10 TE30*
%

A. caviae ATCC 15468" 9 16 22 34 11 9 15 0 0 28

A. hydrophila ATCC 7966" 14 17 23 33 14 10 17 0 0 27

E. coli ATCC 25922 0 0 0 40 8 8 10 0 22 28
M1 Catfish A. culicicola 9 16 21 21 8 0 14 0 0 11
M2 Tilapia A. hydrophila 8 14 19 20 11 7 18 0 14.5 18
M3 Catfish A. allosaccharophila 14 19 27 28 8.5 0 10.5 0 0 28
M4 Catfish A. jandaei 0 9 17 20 9 0 11 0 13 27.5
M5 Catfish A. hydrophila 0 12 14 19 9 10.5 14 0 0 12.5
Mo Catfish A. hydrophila 0 0 17 20 0 0 13.5 0 14 14.5
M7 Catfish A. culicicola 19 30 41 21 0 0 11.5 0 0 26
M8 Tilapia A. allosaccharophila 0 12 17 25 9 8 15 0 0 14
M9 Catfish P. shigelloides 10 14 23 20 6 7 9 0 0 13.5
M10 Catfish A. culicicola 14 19 26 32 7 0 12 0 0 16
M11 Catfish Aeromonas spp. 11 16 21 23 11.5 0 13.5 0 0 17
M12 Koi carp A. bestiarum 0 0 13 21 9 9 13 0 12 18
M13 Catfish A. hydrophila 14 17 25 27 9 8 12.5 0 0 25
M14 Tilapia A. hydrophila 10 14 27 29 12.5 10 18 0 19 12
M15 Tilapia Aeromonas spp. 9 13 17 19 0 9.5 13 0 12 27
M16 Tilapia A. jandaei 13 15 20 28 10 0 11 0 0 14.5
M17 Tilapia A. hydrophila 12 15 20 25 9 9 14 0 0 15.5
M18 Tilapia A. caviae 10 17 23 30 10 9 15 0 11 15
M19 Tilapia A. jandaei 0 16 18 34 12 10 16 0 0 17.5
M20 Tilapia Aeromonas spp. 0 12 16 30 8 7 8.5 0 12 29
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MS8S Koicarp 4. allosaccharophila 12 20 22 31 15 12 16 0 0 33
M86 Koi carp A. hydrophila 21 26 28 29 11 0 16 0 0 10
M87 Koi carp A. bestiarum 17 23 29 31 0 0 14 0 0 11.5
M88 Koi carp A. bestiarum 10 19 21 33 8 10 12.5 0 20 29
M89 Koicarp 4. allosaccharophila 0 0 0 0 9 0 15 0 14 19
M90 Koi carp A. bestiarum 9 16 19 32 9 8 15 0 0 17
M9I1 Koi carp A. bestiarum 0 0 13 18 10 0 12 0 0 12
M92 Koicarp  A. allosaccharophila 8 15 20 30 0 0 14.5 0 9 13.5
M93 Koicarp  A. allosaccharophila 0 0 11 17 8 0 9 0 0 10
M94 Koi carp A. hydrophila 0 16 18 33 7 13.5 0 7 22
M9S5S Koi carp A. hydrophila 11 16 18 30 14 12 15 0 0 34
M96 Koi carp A. bestiarum 0 9 16 30 7 0 14.5 0 0 17
M97 Koi carp A. bestiarum 13 16 21 30 14 10 15.5 0 0 11
M98 Koi carp Aeromonas spp. 310 11 18 24 31 14 10.5 14 0 0 40
M99 Koi carp A. bestiarum 15 17 21 31 8 8 12 0 0 16

* C125: 125 pg/ml; C250: 250 pg/ml; C500: 500 pg/ml and C1250: 1250 pg/ml cinnamaldehyde; EX 1: (4 mg/ml) K. africana ethyl acetate extract; EX 2: (4 mg/ml) K. afiicana dichloromethane
extract; EX 3: (10 mg/ml) K. africana methanol extract; EX 4: (4 mg/ml) K. africana hexane extract; AMP10: Ampicillin; TE30: Tetracycline.
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TABLE A2 Activity indices of cinnamaldehyde and K. africana extracts in relation to the standard antimicrobial agents, ampicillin

(AMP10) and tetracycline (TE30), against Aeromonas spp. isolates from seawater and fish

Activity index AMP10 Activity index TE30

Isolates C125*  (C250*  C500%* CI1250%*EX 1* EX2* EX3* EX4* ](23)1(22: C250%  C500% CI250%  EX1*  EX2*

f'szggi“e ATCC 0 0 0 0 0 0 0 0 0333 0593 0815 1259 0393 0321  0.536 0

i{gﬁ?’;ﬁ?g 0 0 0 0 0 0 0 0 0500 0607 0821 1.179 0519 0370  0.630 0

55;;)5’ ATCC 0 0 0 1.818 0364 0364 0455 0 0 0 0 1429 0286 0286  0.357 0
Ml 0 0 0 0 0 0 0 0 0818 1455 1909 1909  0.727 0 1273 0
M2 1379 0552 0966 1310 0759 0483 1241 0 0444 0778  1.056  1.111  0.611 0389  1.000 0
M3 0 0 0 0 0 0 0 0 0500 0679 0964  1.000  0.304 0 0.375 0
M4 1.538 0 0692 1308  0.692 0 0846 0 0 0327 0618 0727  0.327 0 0.400 0
M5 0 0 0 0 0 0 0 0 0 0960  1.120 1520 0720 0840  1.120 0
M6 1.429 0 0 1214 0 0 0964 0 0 0 1172 1.379 0 0 0.931 0
M7 0 0 0 0 0 0 0 0 0731 1.54 1577  0.808 0 0 0.442 0
MS 0 0 0 0 0 0 0 0 0 0.857 1214 1786  0.643 0571 1.071 0
M9 0 0 0 0 0 0 0 0 0741 1.037 1704 1481 0444 0519  0.667 0
M10 0 0 0 0 0 0 0 0 0875 1.188  1.625 2000  0.438 0 0.750 0
Mi1 0 0 0 0 0 0 0 0 0647 0941 1235 1353  0.676 0 0.794 0
M12 1.750 0 0 1.083 0750 0.750 1.083 0 0 0 0722  1.167 0500 0500  0.722 0
MI3 0 0 0 0 0 0 0 0 0560 068  1.000  1.08 0360 0320  0.500 0
M14 1,526 0526 0737 1421 0658 0526 0947 0 0833 1167 225 2417 1042 0833  1.500 0
M15 1,583 0750  1.083  1.417 0 0792 1083 0 0333 0481 0630 0704 0 0352  0.481 0
M16 0 0 0 0 0 0 0 0 0897 1.034 1379 1931  0.690 0 0.759 0
M17 0 0 0 0 0 0 0 0 0774 0968 129 1613 0581 0581 0903 0
MI8 2727 0909  1.545 2091 0909 0818 1364 0 0667 1133 1.533 2000  0.667 0.600  1.000 0
M19 0 0 0 0 0 0 0 0 0 0914  1.029 1943 068 0571 0914 0
M20 2.500 0 1.000 1333  0.667 0583 0.708 0 0 0414 0552 1034 0276 0241 0293 0
M21 3.364 0 1.091 1727 0.727 0 1136 0 0 0923 1462 2846 0615 0 0.962 0
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0.588

0.594
0.611
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0.536
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1.000
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0.259
0.222
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0.529

0.594
0.639

0.667
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0.833

0.364
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0.833

0.731

0.321

0.464
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0.310
0.238

0.765
1.071
0.906
1.111

0.967
1.350
1.036
1.167
1.250
0.460
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0.750
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1.292
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Mg4 0 0 0 0 0 0 0 0 0 0 1.563 1.938 0 0.00 0.813
M85 0 0 0 0 0 0 0 0 0.364  0.606 0.667 0.939 0.455 0.364 0.485
M86 0 0 0 0 0 0 0 0 2.100  2.600 2.800 2.900 1.100 0 1.600
M87 0 0 0 0 0 0 0 0 1.478 2.000 2.522 2.696 0 0 1.217
M388 1.650 0.500 0.950 1.05 0.400 0.500 0.625 0 0.345 0.655 0.724 1.138 0.276  0.345 0.431
M89 0 0 0 0 0.643 0 1.071 0 0 0 0 0 0.474 0 0.789
M90 0 0 0 0 0 0 0 0 0.529  0.941 1.118 1.882 0.529 0471 0.882
M91 0 0 0 0 0 0 0 0 0 0 1.083 1.500 0.833 0 1.000
M92 3.333 0.889 1.667 2.222 0 0 1.611 0 0.593 1.111 1.481 2.222 0 0 1.074
M93 0 0 0 0 0 0 0 0 0 0 1.100 1.700 0.800 0 0.900
M94 4.714 0 2.286 2.571 1.286  1.000 1.929 0 0 0.727 0.818 1.500 0.409 0318 0.614
M95 0 0 0 0 0 0 0 0 0.324 0471 0.529 0.882 0.412 0.353 0.441
M96 0 0 0 0 0 0 0 0 0 0.529 0.941 1.765 0.412 0 0.853
M97 0 0 0 0 0 0 0 0 1.182 1.455 1.909 2.727 1.273 0.909 1.409
M98 0 0 0 0 0 0 0 0 0.275 0.450 0.600 0.775 0.350  0.263 0.350
M99 0 0 0 0 0 0 0 0 0.938 1.063 1.313 1.938 0.500  0.500 0.750

S O O O O O O O O O o o o o o <o

* C125: 125 pg/ml; C250: 250 pg/ml; C500: 500 pg/ml and C1250: 1250 pg/ml cinnamaldehyde; EX 1: 4 mg/ml K. africana ethyl acetate extract; EX 2: 4 mg/ml K. africana dichloromethane extract;
EX 3: 10 mg/ml K. africana methanol extract; EX 4: 4 mg/ml K. africana hexane extract; AMP10: Ampicillin; TE30: Tetracycline.
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ations of o

degrees of inkibition were observed with higher

ldchyde, ns well ns with the

K. ofricang mecthame] extract. Cimnamakdehyde (=5 pg/ml.) snd the £ africoss metbanol oorac
diisplayed betler sntimicrobinl sctivity agnimst study isolates ino comparison to vanilllin and ampicillin.

They appear to be promising and sustsi

ble phytochemicals ibod might be nzefol as albermatives to

ﬁ:wlﬂ:m,n-nm

Agrmomonas spp. are Gram-negative, facul-
tatively amaerobic, motile. md-shaped bacteria
belonging to the family Aesromonadaceas.
Aeromonads are widely distributed in fresh
water, marine water, sewage-contaminated
water, slodge. soil, amd foods (Ghenghesh
et al. 2008). Aeromonas spp. are important fish
and shellfish pathogens responsible for several
fish diseases such as hemorrhagic septicemia.
fin and tail rot disease, and Ffomnculosis
These infections have caonsed high mortality in
cubtured freshwater fish. resulting in extensive
losses worldwide (Jacobs and Chenia 2007; Lu
at al. 2011). In humans, Aeromonas hydrmophila.
Aermomonas covige, and Aeromonay verowndi
biotype sobriag are associated with food-bome
gastmenteritis, wound infections, and infec-
tions in immuno-compromised patients. Both
veterinary, aguaculture, and human clinical

" Comesponding autkor.

infections have been ireated with effective
chemotherapy using antimicrobial agents,
although there is an  increased frequency
of antimicrobial resistance in seromonsds,
especially those from fish (Jacobs and Chenia
2007; Ghenghesh et al. 2008; Jun et al. 200100

Antimicrobial agents are used extensively in
aguaculiure systems as a prophylactic (Park
et al. 2012) to prevent fish disease in addi-
tion to their therapeotic use, as well as being
used as feed additives (Ghenghesh et al
2008). Althoogh these infections may be
resodved wsing synthetic antimicrobial agents,
the dangers of mulidog resistance, environ-
mental pollution, residoes in fish and the
push toward organic agquaculture has made
researchers look for bioactive materials from
plants that have potent antimicrobial activity.
The meost active components of phytochemicals
are alkaloids, phenclicflavonoid compounds.
sterols, terpenoids, and proanthocyanidins (Sin
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