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DETERMINATION OF PATTERN OF MULTIPLE ANTIBACTERIAL
RESISTANCE IN CLINICAL BACTERIAL ISOLATES OF WOUND
INFECTIONS

ABSTRACT

The effectiveness of drugs and chemotherapeutic agents used against bacteria has recently
declined due to various mechanisms used by the bacteria to prevent their actions. This study aims
at detecting the mechanism of multidrug resistance in bacteria isolated from wound infections in
patients attending University of Uyo Teaching hospital. Swabs from infected wounds were
collected using aseptic methods. Culture and examination was done using standard
microbiological techniques. Sensitivity test was done using disk diffusion technique. Curing was
done using acridine orange. Staphylococcus aureus was the predominant species with 43.3%
followed by Pseudomonas aeruginosa with 31.67%, Escherichia coli 11.7%, Proteus sp. 8.3%
and Klebsiella pneumoniae 5.0%. The overall multidrug resistance was 68.3%. The results of the
study further reveal that 61.54% of Staph aureus were resistant to more than eight antibiotics
with multiple antibiotic resistance (MAR) index ranging from 0.22-0.89. Other organisms also
exhibited various levels of multiple antibiotic resistance indexes. This study shows that the
prevalence of multidrug resistant organisms was high and majority of the organism isolated
exhibited plasmid mediated resistance. This identification enhances the development of new
approaches to overcome the problem of antibiotic resistance as this causes a huge challenge in
the treatment of infections within the community where more people get infected each day.
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Background
Bacteria have been a major cause of infectious disease throughout the history of human race.

With the introduction of antibiotics, it was thought that the problem should disappear, however
bacteria have been able to evolve the point where they are resistant to antibiotics (1). The term
multi drug resistance therefore applies to a bacterium that is simultaneously resistant to a number
of antimicrobial drugs belonging to different classes (chemically) or subclasses through various
mechanisms (2). The effectiveness of currently available microbial drugs is decreasing due to the
increasing number of resistant strain causing infections so that available therapeutic options for
such organism are severely limited (3).

Antimicrobial drug resistance can be acquired as a result of mutation or acquisition of resistance
genes via horizontal gene transfer or can be an innate feature of an organism that is encoded
chromosomally (2).

In a research done by Zeleke (4), it was indicated that over the past few years, several studies in

African countries had reported the presence of multidrug resistant strains of bacteria isolates
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from clinical wound infections. This was consecutively ascertained by some researchers (5,6,7).
A study conducted in one of the tertiary hospitals in Ethiopia by Anguzu et al., (8) also revealed
that about 51% of the bacteria isolated from open wounds were identified as being multidrug
resistant. Multidrug resistances in both the hospital and community environment are important
concern to the clinicians, patients and the pharmaceutical industries. The widespread uses of
antibiotics together with the length of time over which the drugs have been available in the
market have led to major problems of emergence of resistant organisms. Antimicrobial drugs
overuse, overdosing, drug prescription with improper susceptibility test, self-medication and
long duration of hospitalization was suggested to augment the problem of multidrug resistance in
developing nations (9). The aim of this present study is therefore to determine the pattern of
multiple antibiotic resistances in clinical bacterial isolates obtained from wound infections in
order to develop new approaches to overcome the problem as it causes a huge challenge in the

treatment of infections within the community where more people get infected each day.

Materials and Methods

This study which was carried out between October 2013 and January 2014 comprised of 120
wound samples obtained from both inpatients and outpatients attending the University of Uyo
Teaching Hospital (UUTH), Uyo, Nigeria.

Sterile swab sticks were used for the collection of the wound samples. The patients that
qualified for the collection of sample for this research were patients with infected wounds. All
collected samples were immediately transferred to the Medical Microbiology Laboratory for
processing. Aseptic precautions were taken into consideration during the sample collection.

The isolation of microorganism was carried out by plating out the wound swab on blood and
macConkey agar plates respectively. The plates were incubated at 37°C for 18-24 hours after
which they were examined for growth colonies.

From the growth pattern of the organisms obtained from the culture plates, representative
colonies were subjected to macroscopic, microscopic and biochemical characterization using

standard identification schemes (10,11).

Antibiotic susceptibility testing:
The susceptibility profile of each of the isolates to nine commonly used antibiotics was
determined using the agar disk diffusion method. The antibiotics used were Ciprofloxacin (2ug),

2



68
69
70
71
72
73

74
75
76
77
78

79

80

81
82
83
84
85
86
87

88
89
90
91
92
93
94
95
96

Gentamicin (10ug), Ofloxacin (5ug), Ceftriaxone (30ug), Imipenem (10ug), Ceftriaxone (30ug),
Levofloxacin (5ug), Cefepime (10ug) and Azithromycin (15ug). The bacterial inoculum was
prepared by suspending freshly grown bacteria in Sml of sterile peptone water. The peptone
water was then inoculated by pouring it onto the Mueller Hinton (MH) agar plates and the excess
drained out. The plates were allowed to dry and appropriate antibiotic disks aseptically placed on

the agar plate surface using sterile forceps. The plates were then incubated at 37°C for 24hours.

Determination of the inhibition zone diameter was done using the Kirby Bauer test method as
described by Willey et al., (12). The degree of susceptibility of the test bacteria to each antibiotic
were recorded as either sensitive (S) or resistant (R) respectively. After the susceptibility testing
the resistant isolates were inoculated in already prepared Nutrient agar slants and stored for

curing.

Curing of resistant markers:

Curing of the drug resistant isolates was done using 0.10mg/ml of acridine orange as described
by Akortha and Filgona (13). The stored resistant isolates were cultured at 37°C for 24hours in
nutrient broth containing 0.10mg/ml of acridine orange, after which they were agitated to
homogenize the content before sub-culturing onto Mueller Hinton agar plates for another
susceptibility testing. The cured resistant markers were determined by comparing the pre and
post curing antibiogram of isolates i.e, the result of the first susceptibility testing was compared

to the one done after the introduction of the acridine orange.

Determination of multiple antibiotic index:
Multiple antibiotic resistance index (MAR) was determined using the formula MAR=x/y, where
‘x” was the number of antibiotics to which the test isolate displayed resistance and ‘y’ is the total

number of antibiotics tested.

Results
One hundred and twenty wound samples were analyzed out of which 5 organisms were isolated.
The isolated organisms were Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa,

Proteus spp and Klebsiella pneumoniae. Staphylococcus aureus were 52 representing 43.3%,
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Pseudomonas aeruginosa were 38 and E. coli were 14 both representing 31.7% and 11.7%
respectively. Others were Proteus spp, 10 (8.3%) and Klebsiella pneumoniae 6 (5.0%). It could
be seen that Staphylococcus aureus was the highest while Klebsiella pneumoniae was the least
isolated organism. This is shown in Table 1

Number of isolates resistant to antibiotics:

Table 2 shows the number of isolates showing resistance to a given number of antimicrobial
drugs. None of the isolates were resistant to as low as one antimicrobial agent. Only two out of
all the bacterial isolates showed resistance to two antibiotics.

Curing of resistant markers:

When the isolates were subjected to curing in the presence of 0.10mg/ml of acridine orange,
16(13.3%) isolates of the total isolates were cured of at least one resistant marker. The highest
loss was observed in 5% of the isolates while there was no loss of marker in 14 of the isolates.
The highest percentage (16.7%) of isolates seems to have lost 3 markers and the lowest
percentage (5%) seems to have lost up to 8 markers. This is presented in Fig. 1.

Multiple antibiotic indexes of organisms isolated from wound infection:

Table 3 shows the multiple antibiotic resistance indexes of the organisms. Staph. aureus shows
MAR index of 0.22 - 0.89 while Kleb. pneumoniae shows MAR index of 0.67 - 0.78. Other

organisms also exhibited various levels of multiple antibiotic indices.

Discussion

Wound infection has always been a major complication in the hospital setting (14), and it has
been regarded as the most common nosocomial infection especially in patients undergoing
surgery (15). The pathogens isolated from wound infections differ and depend on the site of
infection.

In this study, the isolated bacteria were Staphylococcus aureus 52(43.3%), Ps. aeruginosa
38(31.7%), and E.coli 14(11.7%). Others were Proteus species 10(8.3%) and Klebsiella
pneumoniae 6(5.0). The possible suggested reason for the high frequency of isolation of these
bacteria may be related to the fact that they are normal flora in healthy person. When they
overcome the natural resistance of the skins and soft tissue in the cases of burns, they can easily
disseminate (16, 17). Moreover, these bacteria are commonly found in the hospital environment

which might increase wound infection rate and cross contamination among admitted patients.
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This study looked at the resistance of bacterial isolates of wound infections against more than
one antibiotic at one of the tertiary hospitals in Nigeria, and found that the level of multi-
resistance to antibiotics in the hospital has increased but is however relatively low compared to
reports from other countries (5). Widespread use of antibiotics has undoubtedly caused the
epidemics of antimicrobial resistance worldwide. Unfortunately, resistance in some species has
developed to the level that no clinically available treatment is effective. Prevention and control
strategies will require the application of epidemiological and behavioral approaches, as well as
the research technologies aimed at the basic mechanisms of drug resistance. Bacteria have
elaborated mechanisms to achieve antibiotic resistance one of which is by the fine-tuning of
expression of genetic information. The majority of the organisms isolated in this study exhibited
plasmid mediated resistance as they were cured by the acridine orange methodology.

Antibiotic resistant profiles of the isolated bacteria within the study period showed that the
organisms were multiple antibiotics resistant as evidenced by the exhibition of multiple
resistances to the majority of antibiotics tested. Multiple antibiotic resistances have been reported
to occur through different mechanisms like, modification of drug target site or reduction of cell
permeability to the drug which has been established with development of resistance of
Pseudomonas spp. and Staphylococci, with Gentamicin (18), and production of [-lactamase
enzymes which destroy B-lactam ring of B-lactam antibiotics, which renders the drug useless as
observed with Staphylococci and Pseudomonas spp. (19). Efflux pump to reduce antibiotics
concentration in the cell is another mechanism used by Staphylococci and Pseudomonas spp. to
develop resistance to levofloxacin and ofloxacin (19, 20).

Prevalence of these multidrug resistant isolates in the wounds is a cause of concern because of its
attendant effect. It implies that most of the commonly used antibiotics will not be useful in the
management of wound infection with such pathogens, infected wounds would take longer to
heal, and cost of treatment would increase. It also means patients will stay longer in the hospitals
with higher likelihood of transmitting such pathogens to other patients. Resistance to multiple
classes of antimicrobial agents in gram-negative and Gram-positive bacteria has been described
to be more often due to efflux of the drugs out of the bacterial cell (21, 22 ). Therefore, it is
important that management of hospitals adopt rational use of antibiotics to avoid epidemic

outbreak of drug resistant bacterial infections.
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The overall multidrug resistance in this study was 68.3%. This is in agreement with Godebo et
al., (2) who recorded 68.15 in Ethiopia but in disagreement with Biadglegne et al., (23) who
recorded 98.6% also in Ethiopia. This difference in resistance could be attributed to the
difference in population demographics and other environmental factors. The overall multi-drug
resistance (MDR) of Staphylococcus aureus is 61.5% out of which 3.8% was resistant to only
two antibiotics and 11.5% resistant to as high as 8 antibiotics. This result is so far off when
compared to Godebo’s 86.2% Staphylococcus aureus resistance.

This finding agrees with previous studies carried out in Ethiopia where average resistance of
52% in Staphylococcus aureus moved up to 75%.

All the isolates showed 98.3% resistance to cefepime. This is higher than that recorded by
Oladipo et al., (24) which recorded 56.06%. Pseudomonas showed 100% resistance to cefepime,
while Klebsiella showed a 66.67% resistance to cefepime. In a study carried out by Oladipo et
al., (24) in Ogbomoso, Oyo State in Nigeria, Pseudomonas showed a 59.3% resistance and
Klebsiella showed a 52.94% against cefepime. This difference may be as a result of difference in
clinical practices, and difference in the demographics of the population examined. The isolates
also showed high resistance to Azithromycin. This corroborates the work done by Chayani et al.,
(25) which showed that azithromycin exhibited a high resistance to most enterobacteria and was
only sensitive when used on Salmonella-Shigella species. The multiple antibiotic index recorded
in this study reveals that Staph. aureus exhibited multiple resistance index in the range of 0.22-
0.89 while Kleb. pneumoniae exhibited MAR in the range of 0.67-0.78. Proteus also had the
MAR index of 0.56- 0.67.

Knowledge of the molecular mechanisms of antibiotic resistance is essential for developing new
approaches to overcome this problem one of which may be the development of inhibitors of
resistance enzymes. These inhibitors can be administered as co-drugs with the antibiotics,
thereby blocking resistance and rescuing the antimicrobial activity of the drugs. Another strategy
to overcome resistance is to improve the delivery or otherwise enhance the accessibility of
antibiotics to their sites of action. All the alternative strategies to overcome resistance require
expanded knowledge of the molecular mechanisms of antibiotic resistance, their origins and

evolution, and their distribution throughout bacterial populations and genomes.
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TABLE 1: Organisms isolated from wound infections at the University of Uyo Teaching
hospital

Organism No.(%) Isolated
Staph aureus 52 (43.3)
Ps aeruginosa 38 (31.7)
E. coli 14 (11.7)
Proteus spp 10 (8.3)
Kleb pneumonia 6 (5.0)
Total 120 (100)

TABLE 2: Number of isolates resistant to specified number of antibiotics

Organism No of isolates No. of isolates showing resistance to antibiotics
1 2 3 4 5 6 7 8
Staph. aureus 52 - 2 4 6 16 14 4 6
Ps. aeruginosa 38 - - - 2 - 10 14 12
E. coli 14 - - - 2 - 6 6 -
Proteus spp 10 - - - - 4 6 - -
Kleb. pneumoniae 6 - - - - - 4 2 -
Total 120 - 2 4 10 20 40 26 18
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222 Fig1: Organisms showing loss of resistant markers

223 Table 3: Multiple antibiotic resistance (MAR) indices of bacteria isolated from wound

224 infection

225 MAR S. aureus P. E.coli Proteus Kleb.
226 aeruginosa pneumonia
227 0.22 1 - - - -

228

229 033 2 - - - -

230 0.44 3 1 1 - -
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0.78 2 7 3 - 1
0.89 3 6 - - -
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