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ABSTRACT: Pseudomonas aeruginosa is a major cause of most opportunistic nosocomial infections in Ghana. The study sought to character-
ize P. aeruginosa isolates from market environments, poultry farms and clinical samples of patients from 2 district hospitals in the Ashanti region
of Ghana. The genetic relatedness, plasmid profiles and antimicrobial sensitivity of the isolates were investigated. Culture based isolation and
oprL gene amplification were used to confirm the identity of the isolates. Susceptibility testing was conducted using the Kirby Bauer disk diffu-
sion method. Random whole genome typing of the P. aeruginosa strains was done using Enterobacterial repetitive-intergenic consensus based
(ERIC) PCR assay. The most active agents against P. aeruginosa isolates were ceftazidime (90%), piperacillin (85%), meropenem, cefipeme and
ticarcillin/clavulanic acid (81.6%). The isolates were most resistant to gentamycin (69%), ciprofloxacin (62.1%), ticarcillin (56.3%) and aztreonam
(25%). About 65% (n = 38) of the multi-drug resistant (MDR) P. aeruginosa isolates harbored 1 to 5 plasmids with sizes ranging from 2 to 116.8kb.
A total of 27 clonal patterns were identified. Two major clones were observed with a clone showing resistance to all the test antipseudomonal
agents. There is therefore a need for continued intensive surveillance to control the spread and development of resistant strains.
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Introduction

Pathogenic bacteria over time have become increasingly viru-
lent and problematically resistant to most commonly used
antibiotics.? The surge in the prevalence and spread of these
resistant species of bacteria, has been a major public health
concern. This has raised the need for increased local, regional,
national and global surveillance. Selection of multi-drug resist-
ant (MDR), extensively drug resistant (XDR) and pan-drug
resistant (PDR) strains of bacteria, through continuous use of
sub-inhibitory antibiotic concentrations in human medicine,
aquaculture and animal husbandry, has immensely contributed
to the problem of antibiotic resistance.3 Most poultry farmers
in Ghana employ antibiotic containing agents for prophylactic,
metaphylactic and treatment purposes in poultry production.*
Manure from these poultry farms is then used to enrich ponds
by fish farmers and as fertilizers for vegetable crop production.®
Such practices may leave residual concentrations of antibiotics
in the environment and thus select for resistant bacteria strains.
These strains may be disseminated between humans, animals
and the environment through waste products such as human
and animal excreta and consumption of contaminated animal
products and vegetables.®” Horizontal acquisition of resistance
markers, such as plasmids and the overall rearrangement of
genomic sequences which may occur in resistant strains intro-
duces great diversity in the species. This enhances the survival

and spread of clonal groups of a particular strain within diverse
environments.$

Infections caused by Pseudomonas aeruginosa, a ubiquitous
member of the genus Pseudomonas are very difficult to
manage.”!° This bacterium mostly causes nosocomial infec-
tions especially in immunocompromised patients.!12
Pseudomoniasis, an opportunistic P aeruginosa infection is
also common in poultry birds like chickens, turkeys, ducks,
geese and ostriches where infection in eggs kill embryos.!314
Treatment of human related infections have therefore been
limited to a few class of antibacterials such as quinolones, ami-
noglycosides, carbapenems, cephalosporins, monobactams,
and semi-synthetic penicillins due to their inherent or acquired
resistance.!> Routine surveillance of the distribution and sus-
ceptibility pattern of common pathogenic bacteria including P
aeruginosa strains from various sources thus provide local data
on the effectiveness of these antibiotics in treating associated
infections. Establishing the relatedness of these strains
enhances detection of evolving multiple drug resistance and
tracking of the source, spread, and antigenic profiles of patho-
genic bacteria from different environments.’®17 This study
thus sought to determine the antibiogram and plasmid pro-
files of P aeruginosa and determine the genotypic relatedness
of strains isolated from, stool, urine, blood, poultry litter, and
environmental samples in the Ashanti region of Ghana.
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Figure 1. Map of Ghana showing Ashanti region (study area) with detailed boundaries of all the districts.

Materials and Methods
Study setting, subjects, and clinical specimen

The study was conducted in the Ashanti region located in the
middle belt of Ghana. The region is situated between 0.15-
2.251W and 5.50-7.46N (Figure 1) surrounded by 5 of the 16
political regions of Ghana. It takes up 10.2% of the total land
area of Ghana covering 24389 km?. One hundred and thirty-
seven (137) poultry farms all located in the Ashanti region, a
public market (Kumasi Central Market), a town (Ayigya town-
ship), and 2 public hospitals were chosen for the study.

A total of 900 samples were obtained from the various
sources. Stool, urine, and blood from 364 patients were ran-
domly sampled from the 2 hospitals as part of routine surveil-
lance screening for public hospitals in the region.’® Of 276
poultry litter samples were collected from 137 poultry farms
located at least 10000 miles from the selected hospitals and
study community environments. One hundred and twenty-
three (123) swabbed samples from community-based latrines,
market floors and tables, soil, and sewage distributed within
20 miles of the selected hospitals were also collected for P aer-
uginosa isolation.

Isolation and identification of P. aeruginosa

Bacteria in the various samples collected were revived in casein
soya bean digest broth and isolated on Cetrimide agar.
Preliminary identification was then conducted through Gram-
staining, test for catalase and oxidase activity and growth at

42°C on nutrient agar. Production of pyocyanin, pyomelanin,
pyorubin, and pyoverdine pigments were examined by cultur-
ing the isolates on Pseudomonas isolation agar (Alpha
Biosciences, Maryland, USA). The presumptive Pseudomonas
aeruginosa isolates were confirmed by amplification of the spe-
cies-specific outer membrane lipoprotein gprL gene. Using the
0.6puL of a 10uM forward primer oprL-F (5'-ATG GAA
ATG CTG AAA TTC GGC-3') and 0.6puL of a 10uM
reverse primer oprL-R (5'-CTT CTT CAG CTC GAC
GCG ACG-3'), polymerase chain reaction was carried out
using a thermal cycler (Gene Amp, ThermoFisher Scientific,
Waltham, MA, USA USA) in a final volume of 25 uL. contain-
ing 2pL of DNA template extracted using the boiling lysis
method, 12.5puL of GoTaq master mix (Promega, Madison,
USA), 0.75pL of a 0.5mM magnesium chloride, 8.55uL of
nuclease free water. For polymerse chain reaction (PCR)
amplification, the DNA template was initially denatured at
94°C for 5minutes, followed by 35 cycles of denaturation at
94°C for 30seconds, annealing at 64°C for 30seconds and
extension at 72°C for 1minute. Finally, the products were
extended at 72°C for 10minutes. The PCR products were
examined on a 2% w/v agarose gel at 60V and visualized using
a transilluminator (Fotodyne, Hartland, WI, USA).

Antibiotic susceptibility testing

Susceptibility of P aeruginosa isolates to the selected antipseu-
domonal antibiotics was determined by the Kirby-Bauer disk
diffusion test according to approved methods of the European
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Committee on Antimicrobial Susceptibility Testing.?” Eleven
antibiotics from 6 classes including aztreonam (ATM-30pg),
imipenem (IPM-10 ug), meropenem (MEM-10 pg), ciproflox-
acin (CIP-5pg), gentamycin (CN-10pg), levofloxacin (LEV-
5pg), and ticarcillin/clavulanic acid (TIM-85 pug) piperacillin
(PIP-100pg), ticarcillin (TIC-75pg), ceftazidime (CAZ-
30pg), and cefepime (FEP-30pg). All antibiotics used were
purchased from Oxoid Ltd, Basingstoke, UK. Strains that were
resistant to 3 or more antibiotics from any of the 6 classes were
identified as multi-drug resistant. P aeruginosa ATCC 27853
was used as quality control strain. The isolated strains were
classified as susceptible or resistant to the antipseudomonals
depending on the zone of inhibition diameters when compared
to breakpoint values from the European Committee on
Antimicrobial Susceptibility Testing.!

Genotyping of P. aeruginosa isolates by Repetitive-
element-based (Enterobacterial repetitive-

intergenic consensus based—ERIC) PCR assay

DNA from bacteria was extracted using the boiling lysis
method as described by Meacham et al.?0 Pure colonies of P
aeruginosa cultured on 20 mL nutrient agar were transferred
into 25pL. of Tris-Ethylenediamine tetraacetic acid (TE)
buffer. The suspension was heated at 95°C for 10 minutes to
lyse the bacterial cells, cooled at -20°C for 5 minutes to shrink
the cells to release the genetic material into the buffer. The cel-
lular debris was then pelleted by centrifuging at 13000 X g for
5 minutes. The supernatant was then stored at -20°C and used
as the template for PCR amplification of the non-coding inter-
genic repetitive sequences. The non-coding intergenic repeti-
tive sequences in the genome of P aeruginosa were amplified
using 10uM ERIC1 (5'-ATG TAA GCT CCT GGG GAT
TCA C-3") and ERIC2 (5'-AAG TAA GTG ACT GGG
GTG AGC G-3') primers as described by Versalovic et al.?!
Using 2 pL of extracted DNA as template, PCR was performed
in a final reaction volume of 25 pL. containing 12.5 pL of Green
Taq master mix, 0.75 pL of 0.5mM magnesium chloride and
8.55uL of nuclease free water. With an initial denaturation at
94°C for 5minutes, the reaction continued with 30 cycles of
denaturation at 94°C for 1 minute, annealing at 53°C for 1 min-
ute and extended at 72°C for 4minutes. The products were
finally extended at 72°C for 10 minutes. About 5uL of the
amplicon was loaded into a 20 well 1.5% w/v agarose gel in 1X
TAE (1mM EDTA, 40 mM Tris-acetate) and run for 340 min-
utes at 65V,

Extraction of plasmids in P. aeruginosa isolates

(Alkaline lysis method)

Extra-chromosomal genetic material (plasmids) which may
carry antibiotic resistance genes to other bacteria genera were
isolated from the P aeruginosa isolates using alkaline lysis

method as described by Kado and Liu.?? E. co/i control strains
39R and V517 with known plasmid sizes and P, aeruginosa iso-
lates were cultured in 2ml Luria-Bertani (LB) broth for
24hours at 37°C. A 1.5mL aliquot of both reference and P
aeruginosa culture grown in LB broth was pelleted by centrifu-
gation at 13400 X g for 3minutes. The pellets were re-sus-
pended by vortexing in 20pL of 10mM:1mM Tris-ethylene
diamine tetra acetic acid (TE) buffer; 100puL of lysis buffer
(1%w/v SDS, 2N NaOH) was then added and mixed by repeti-
tive inversions of the 1.5mL Eppendorf tube. The suspension
was incubated at 56°C for 30 minutes in a dry bath. A mixture
of 100 pLL of phenol:chloroform:isoamylalcohol (25:24:1) was
then added to the mixture and vortexed until it turned milky
white. The mixture was centrifuged at 13000 X g for 30 min-
utes to remove excess protein from the mixture. Forty microlit-
ers (40pL) of the supernatant was transferred into a new
Eppendorf tube containing 15 uLL of loading dye and stored at
4°C until use. Twenty microliters (20 uL) of the plasmid-dye
mix was loaded into a 0.8% w/v agarose gel wells and run at
60V for 4hours. The gel was stained in ethidium bromide
(0.0002%w/v) and washed for 20 minutes in 1L sterile dis-
tilled water. The plasmid sizes of the isolates were determined
from calibration curves constructed from plasmid sizes of con-
trol E. co/i V517 (54.0,7.2,5.6,5.1,4.4,3.0,2.7 and 2.0kb) and
E. coli R39 (147, 63, 36, and 7kb) (Figure 4) obtained from
Department of Veterinary Disease Biology, University of
Copenhagen (KU).

Analysis of data

Susceptibility data were compared by using Chi-square analy-
sis with GraphPad Prism version 5.0 (Graph Pad Software,
San Diego, CA, USA). A level of significance (P-value) <.05
were considered statistically significant. Clonal relatedness of
the multidrug resistant P aeruginosa strains from the various
sources were determined by their antibiogram patterns and
genomic fingerprint profiles using Gelj version 1.2 software.?3
The discriminatory index-D value, was calculated for each
typing method using Simpson’s index of diversity(D).!”
Dendrograms depicting the strain relatedness were generated
using Pearson coefficient as a similarity measure and
unweighted pair group method with arithmetic averages
(UPGMA) cluster analysis as a distance measure. Strains with
a threshold linkage value of =98% were assigned the same
subtype. Two strains were assigned the same type if they
showed identical banding pattern.

S

st

J=1

(D)=1-

N=Total number of strains in the sample population, S =total
number of types described
x; =Number of strains belonging to the jth type
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Table 1. Susceptibility profiles of P aeruginosa isolates to various antipseudomonal agents.

ANTIBIOTIC NUMBER OF P AERUGINOSA ISOLATES
TOTAL ISOLATES (N=87) CLINICAL ENVIRONMENTAL POULTRY LITTER

(N=47) (N=35)

R R
CAZ 9 10 78 90 5 42 3 32 1 4
PIP 13 15 74 85 9 38 3 32 1 4
MEM 6 7 71 82 3 40 2 30 1 1
TIM 16 18 71 82 7 40 5 30 4 1
FEP 1 13 71 82 5 42 5 25 1 4
IPM 8 9 63 72 5 28 2 31 1 4
LEV 17 20 61 70 12 30 5 26 0 5
TIC 49 56 38 44 21 26 24 1 4 1
cIP 54 62 27 31 30 13 22 1 2 3
CN 60 69 26 30 34 12 25 10 1 4
ATM 22 25 0 0 5 0 15 0 2 0

Abbreviations: ATM, Aztreonam; CAZ, Ceftazidime; Cl, Ciprofloxacin; CN, Gentamycin; FEP, Cefepime; IPM, Imipinem; LEV, Levofloxacin; MEM, Meropenem; N, number
of isolates; TIC, Ticarcillin; TIM, Ticarcillin/Clavulanic acid; PIP, Piperacillin; R, resistant; S, sensitive.

Results
Antibiogram profiles of P. aeruginosa isolates

Based on the morphological, cultural, biochemical, and molec-
ular characteristics of the isolates, a total of 87 (9.6%) P, aerugi-
nosa strains were confirmed from the 900 samples collected.?*
Susceptibility of the P aeruginosa isolates to all the antipseu-
domonal agents were in a range of 0% to 90%. Resistance
ranged from 7% to 69% (Table 1). Twelve (12), 4, 1, and 21
MDR P aeruginosa were isolated from the stool, urine, poultry
litter, and environmental samples, respectively. Five isolates
were resistant to all the antipseudomonal groups investigated.
All the P, aeruginosa isolates showed high susceptibility to cef-
tazidime (90%), piperacillin (85%), meropenem (81.6%), imi-
penem (72.4%), ticarcillin/clavulanic acid (81.6%), cefepime
(81.6%), and levofloxacin (72.4%). About 75% (74.7%) of the
P aeruginosa isolates demonstrated intermediate susceptibility
to aztreonam.

Resistance to aztreonam ranged from 11% to 40% in the
clinical, environmental and poultry litter isolates. Gentamicin
showed the least activity with 69% of the isolates being resist-
ant. High resistance of the isolates was also observed against
ciprofloxacin (62.1%) and ticarcillin (56.3%). The P, aeruginosa
isolates showed the least resistance to meropenem (Table 1).
Strains isolated from environmental and clinical sources
showed high susceptibility to cefepime, ceftazidime, mero-
penem, piperacillin, ticarcillin/clavulanic acid, levofloxacin, and
imipenem (Figure 2). All the poultry litter isolates were sus-
ceptible to levofloxacin. Five (5) strains were susceptible to all

the antipseudomonal antibiotics. The most frequent pattern of
resistance in the isolates were CIP-LEV-CN-TIC, CIP-CN-
TIC, and CIP-LEV-CN (Table 2).

There was no significant difference in the in vitro activity
within the carbapenem group (meropenem and imipenem;
P=.47) and cephalosporin group (ceftazidime and cefepime;
P=.51) of antibiotics. The difference in sensitivity within the
penicillin group (piperacillin, ticarcillin, ticarcillin/clavulanic
acid) was significant (P<.05). Piperacillin and ticarcillin/cla-
vulanic acid were active in most strains of P aeruginosa com-
pared to ticarcillin. Among the quinolone group, levofloxacin
exerted greater activity than ciprofloxacin (P<<.05).

Co-resistance and cross-resistance of P. aeruginosa
isolates

All the P aeruginosa isolates that showed resistance to levofloxa-
cin were also resistant to ciprofloxacin. The levels of levofloxa-
cin-gentamicin and ciprofloxacin-gentamycin co-resistance
were 94% and 81%, respectively (Table 3). Majority of mero-
penem and imipenem resistant isolates (63%-83%) demon-
strated co-resistance to ciprofloxacin, gentamicin, ticarcillin,
piperacillin, and aztreonam but remained susceptible to levo-
floxacin. B-lactam resistant strains also exhibited co-resistance to
ciprofloxacin and gentamicin. Quinolone (levofloxacin and cip-
rofloxacin) resistant isolates exhibited high susceptibility (88%-
96%) to the carbapenem group of B-lactams. Carbapenems also
showed high activity in strains that were resistant to gentamicin
and other B-lactam antipseudomonal groups.
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Figure 2. Susceptibility pattern of P. aeruginosa isolates from various sources.

ATM

Abbreviations: ATM, Aztreonam 30 ug; CAZ, Ceftazidime 10 ug; CIP, Ciprofloxacin 5pug; CN, Gentamycin 10 ug; FEP, Cefepime 30 pg; IPM, Imipinem 10 ug; LEV,

Levofloxacin 5ug; MEM, Meropenem 10 ug; PIP, Piperacillin 30 pg; TIC, Ticarcillin 75pg; TIM, Ticarcillin/Clavulanic acid 85 pg.

Table 2. Antibiotic resistance pattern of P. aeruginosa isolates from various sources.

RESISTANCE PATTERN NUMBER OF ISOLATES RESISTANCE PATTERN

CN-TIC-ATM 3 CIP-MEM-IPM-CN-TIC-PIP-TIM-FEP-CAZ-ATM
TIC-TIM-ATM 3 CIP-LEV-MEM-IPM-CN-TIC-PIP-FEP-CAZ-ATM
CIP-TIC-CAZ 3 CIP-MEM-IPM-CN-TIC-PIP-FEP-ATM
CIP-TIC-TIM 3 CIP-CN-TIC-PIP-TIM-FEP-ATM
CN-TIC-CAZ 3 CIP-LEV-CN-TIC-PIP-TIM-ATM
CN-TIC-TIM 3 CIP-LEV-CN-TIC-PIP-TIM-CAZ
CIP-CN 2 CIP-LEV-CN-TIC-TIM-CAZ-ATM
CIP-TIC 2 CIP-CN-TIC-FEP-CAZ-ATM

CN-TIC 2 CIP-CN-TIC-PIP-TIM-FEP

TIC-ATM 2 CIP-LEV-CN-TIC-PIP-FEP

CIP-LEV 2 MEM-IPM-TIC-PIP-TIM-ATM

CIP-PIP 2 CIP-CN-TIC-FEP-ATM

CN-PIP 2 CIP-LEV-IPM-CN-TIC

MEM-CN 2 CIP-LEV-CN-TIC

TIC-PIP 2 CIP-CN-TIC-FEP

TIC-TIM 2 CIP-CN-TIC-TIM

CN 1 CIP-IPM-CN-TIM

CIP 1 CIP-LEV-CN-CAZ

TIC 1 CIP-TIC-CAZ-ATM

ATM 1 CN-TIC-TIM-ATM

IPM 1 CIP-CN-TIC

CIP-CN-ATM 3 CIP-LEV-CN

Number of strains susceptible to all the antipseudomonal antibiotics

NUMBER OF ISOLATES
2

1

a ~ O

Abbreviations: ATM, Aztreonam 30 pg; CAZ, Ceftazidime 10 ug; CIP, Ciprofloxacin 5pug; CN, Gentamycin 10 ug; FEP, Cefepime 30 pg; IPM, Imipinem 10ug; LEV,

Levofloxacin 5ug; MEM, Meropenem 10 ug; PIP, Piperacillin 30 pg; TIC, Ticarcillin 75pg; TIM, Ticarcillin/Clavulanic acid 85 pg.
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Table 3. Co-resistance and cross-resistance in P. aeruginosa isolates.

NUMBER OF RESISTANT ISOLATES (%)

clP 54 - 17.(31)  4(7) 6 (1) 44 (81y*
LEV 17  17(100) - 1(6) 2 (12) 16 (94)*
MEM 6 4 (67)" 1(017) - 5 (83)" 5 (83)"
IPM 8 6 (75)* 2(25) 5(63)° - 6 (75)"
CN 60 44(73 16(27) 5(8) 6(10) -

TIC 49 3367 11(22) 5(10) 6(12) 6 (12)

PIP 13 9 (69)* 3(23) 5(38) 5(38) 9 (69)*
TIM 16 10(63) 2(13)  3(19)  4(25) 11 (69)

FEP 11 10 (1) 2(19) 4(36) 4(36) 101y
CAZ 9 9 (100"  4(44) 3(33) 3(33) 8 (89)*
ATM 22 13 (59) 29  5(23) 5(29) 14 (64)*

33 (61) 9(17)  10(19) 10(19) 9(17) 13(24)

11 (65) 3(18) 2(12) 212 424 2(12)

5 (83)* 5(83* 3(50) 4(67) 3(50) 5 (83)

6 (75)" 5(63* 4(50) 4(50) 3(38)  5(63)
34 (57)* 9(15)  11(18) 10(17) 8(13) 14(23)
- 10(0) 15(31) 10(20) 9(18) 18(37)
10 (77 - 6(46)  7(54% 4(31)  6(46)
15 (94)* 6(38) - 4(25) 4(25) 9 (56)
10 (91)* 7(64)  4(36) - 4(36) 7 (64)

9 (100)* 4 (44) 444  4@4) - 6 (67)*
18 (82)* 6 (27) 9@) 732 67 -

Abbreviations: ATM, Aztreonam 30 pg; CAZ, Ceftazidime 10 ug; CIP, Ciprofloxacin 5ug; CN, Gentamycin 10 ug; FEP, Cefepime 30 pg; IPM, Imipinem 10 ug; LEV,
Levofloxacin 5ug; MEM, Meropenem 10ug; N, number of resistant isolates; PIP, Piperacillin 30 ug; TIC, Ticarcillin 75 pg; TIM, Ticarcillin/Clavulanic acid 85 ug; -, not

applicable.
*High cross resistance.
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Figure 3. Dendrogram derived from antipseudomonal resistance profiles using Gelj ver.1.2 with Dice coefficient and UPGMA.
Abbreviations: E, environment; M, antibiotic resistance marker strain; PS 1-231, Pseudomonas aeruginosa isolate; PL, poultry litter; S, stool; U, urine.

Clonal relationship of MIDR P. aeruginosa isolates

The genetic relatedness among the P aeruginosa isolates was
assessed based on an electrophoretic fingerprint pattern of the
genome of the various MDR strains by amplification of con-
served repeat regions (ERIC-PCR) of the bacteria genome.
Two (2) to 9bands with molecular weight ranging from 161 to

850bp was observed. Two distinct clusters (M and N) were
formed by the 38 MDR strains (Figure 5). Cluster M further
differentiated into 2 sub-clusters (M1 and M2). The 21 envi-
ronmental MDR P, aeruginosa isolates were distributed among
clusters M and N.The poultry litter isolate also shared similar-
ity with environmental strains from cluster M. Cluster N com-
prised all the clinical MDR isolates (16) and 28.5% (6/21) of
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Figure 4. Electrophoretic gel image showing number and sizes of plasmids in MDR P. aeruginosa isolates.
Abbreviations: cDNA, chromosomal DNA; R 39=E. coli control strain R39; V 517, E. coli control strain V517.

the environmental isolates. At a similarity of 98% (Pearson
coefficient), a total of 27 subtypes (A1-A27) were generated
(D=0.9559) comprising 23 distinct subtypes and 4 subtype
groups. A total of 24 antibiotypes of P, aeruginosa were discov-
ered from the 38 MDR isolates with 5 clusters and 19 distinct
strains (Figure 3; D=0.9502). Two (2) distinct clones from
stool and urine samples of 4 different patients were identified
genotypically, clone I (PS84 and PS29) and clone II (PS98 and
PS85).

Plasmid profile

Agarose gel electrophoresis of the plasmid DNA revealed that
25 of the MDR P aeruginosa strains harbored 1 to 5 plasmids
with sizes ranging from 2 to 116.8kb (Figure 4). Thirteen (13)
of the isolates had no plasmids. Nearly 35% had 1 plasmid,
18.4% had 2 plasmids, and 10.5% had 3 plasmids and only 1
isolate habored 5 plasmids.

Discussion

We compared the genotypes, plasmid profile and antimicro-
bial susceptibility patterns of P aeruginosa isolated from the
environment, poultry farms, and clinical samples of patients
from 2 district hospitals in the Ashanti region of Ghana. Our
results showed that, the most active agents from 6 antipseu-
domonal classes were Ceftazidime (90%), Piperacillin (85%),
Meropenem, Cefipeme, and Ticarcillin/Clavulanic acid
(81.6%). This suggests that these antipseudomonals remain
effective in the management of P, aeruginosa infections. The
high activity of these antibiotics against P aeruginosa may be
due to the infrequent use of these antibiotics both in agricul-
ture, community, and clinical settings in the region. These
antibiotics cannot be obtained without prescriptions; hence
their general frequency of use is low in the population.
Equally, high susceptibility of clinical P aeruginosa isolates to

meropenem and ceftazidime confirms the reports of Feglo
and Opoku.?

Seventy-five percent (75%, n=87) of the P aeruginosa isolates
were resistant to more than a single antipseudomonal agent.
Gentamycin (69%), Ciprofloxacin (62.1%), Ticarcillin (56.3%),
and aztreonam (25%) showed the highest rate of resistance.
These findings were relatable to high resistance rates of P aerugi-
nosa to ticarcillin and aztreonam reported in Brazil by Pitondo-
Silva et al? Similarly, high ciprofloxacin and gentamicin
resistance has been reported in Gram-negative isolates from the
southern sector of Ghana. The high ciprofloxacin and gen-
tamicin resistance in the current study is however inconsistent
with previous antibiogram reports by Feglo and Opoku?® and
Addo,”from other hospitals in the Ashanti and Greater Accra
regions of Ghana. This may be so because of the increased use of
veterinary medicines containing aminoglycoside and quinolone
derivatives.'* Also, a general increase in the accessibility of con-
sumers to these antibiotics in community pharmacies and hospi-
tals due to frequent prescribing of these antibiotics may account
for the change in resistance profiles of P aeruginosa to these anti-
biotics. This finding therefore suggests the ineffectiveness of
these antibiotics in treatment of P, aeruginosa infections.

Nearly half (43.6%) of the isolates were multi-drug resistant
(resistant to antibiotics from =3 antipseudomonal groups).
These findings compared to a related study by Addo?” who
reported 13.04% MDR from wounds of patients indicate
variations in the prevalence of MDR P aeruginosa strains
within the region. This may be due to increased antibiotic
resistance selection pressure in varied areas within the region.
High quinolone-aminoglycoside (ciprofloxacin-gentamicin)
cross-resistance was also observed in the current study.
Carbapenem resistant isolates of P aeruginosa were found to
show cross-resistance to antibiotics from multiple classes
including ciprofloxacin, gentamicin, ticarcillin, piperacillin, and
aztreonam. These findings are congruent with a muticentric
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Figure 5. Cluster analysis of enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) fingerprinting of 38 multidrug resistant P. aeruginosa

isolates generated by Gelj v.1.2 with corresponding antimicrobial susceptibility patterns and plasmid profile.
Abbreviations: Am, aminoglycoside; C, carbapenem; Cp, cephalosporin; E, environment; M, Cluster I; N, Cluster II; P, penicillin; PS, Pseudomonas aeruginosa isolate; Qn,

quinolone; S, stool; U, urine.

study on P, aeruginosa isolates carried out in 136 hospitals in
Spain and Iran.?$?° Using the method by Kado and Liu for
plasmid profile analysis, plasmids were detected in 65% (n=38)
of the MDR strains with sizes ranging from 2.0 to 116.8kb.
This is the first report evaluating the occurrence of plasmid in
P, aeruginosa strains from the region.

The unique antibiogram profiles, plasmid distribution and
cross resistance profiles of the MDR strains suggests a combi-
nation of multiple unrelated resistance mechanisms among the
isolates. Also, significant differences in the antipseudomonal
activity of antibiotics from the same class (quinolone and peni-
cillin groups) implies regulation of resistance by different
mechanisms.3%:31

P, aeruginosa isolated from the 3 sampling sites belonged to
3 sub-clusters at 78% similarity. This indicates some genetic
relatedness between the P aeruginosa strains from stool, urine,
and environmental samples. ERIC-PCR cluster analysis
revealed considerable heterogeneity among these P aeruginosa
strains (Figure 5) which suggests that most of the isolates orig-
inated from different sources rather than from a single source
and being disseminated among the study environments. We
could find a total of 27 clonal patterns from 38 MDR strains.
This indicates that P aeruginosa is capable of rapid changes or
variations which is in good agreement with the high plasticity
and complexity of the large P aeruginosa genome to reflect its
evolutionary adaptations.3?
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Interestingly, all the clinical isolates were genotypically dis-
tributed to the same cluster indicating a close genetic relation-
ship between them. Some environmental strains showed some
similarity with clinical strains suggesting possible exchange of
resistant bacteria between the patients and the environment.
Two clonal strains of P, aeruginosa (PS84 from urine and PS29
from stool) which showed >98% genetic similarity, had the
same antibiogram and plasmid profile suggesting clonality and
possible transfer between the 2 patients. A clone (PS98 and
PS85) of 2 strains isolated from urine samples of 2 different
patients who visited the same hospital showed resistance to all
the 6 antipseudomonal groups. This finding is particularly
alarming considering the possible dissemination of these
strains in the region.

Conclusion

In the present study, MDR P aeruginosa was isolated from
clinical, environmental and poultry litter samples and charac-
terized based on their antibiograms, plasmid profiles and geno-
typic relatedness. There was low prevalence (9.6%) of P
aeruginosa in the clinical, environmental, and poultry litter
samples from the Ashanti Region of Ghana. There is however,
an appreciable surge in the number of MDR P aeruginosa
strains in the clinical and environmental samples. Ceftazidime,
piperacillin, meropenem, imipenem, ticarcillin/clavulanic acid,
cefepime, and levofloxacin remain highly active against P aer-
uginosa while gentamicin, ciprofloxacin, and ticarcillin are less
effective. There is high cross-resistance within the quinolone
group as well as co-resistance among ciprofloxacin, gentamicin,
ticarcillin, piperacillin, aztreonam, and levofloxacin. Plasmids
which may confer increased antipseudomonal resistance were
detected in 65% of the MDR strains with sizes ranging from
2.0 to 116.8kb. Five isolates were resistant to all the antipseu-
domonal groups while 2 clonal strains of P aeruginosa were
identified among the MDR strains. It is therefore necessary to
regularize routine surveillance and mandatory screening for
antimicrobial resistance in pathogenic bacteria associated with
nosocomial and community acquired infections in the Ashanti
region of Ghana.
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