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Abtract. Pseudomonas aeruginosa is a leading cause of nosocomial infections. One thousand two
hundred and twenty strains of mucoid and non-mucoid types of P. aeruginosa isolated from different
patients were examined at Sirirg) Hospital from January 2001-October 2003. The prevalences of P.
aeruginosa mucoid type and non-mucoid type were 3.6 % and 96.4%, respectively. Susceptibility
testing was performed by Kirby-Bauer disk diffusion method as recommended by NCCLS. Theiso-
lates with mucoid phenotypes were more susceptibl e than the non-mucoid isol ates. The antimicrobial
susceptibility pattern of both types should provide guidelines for the selection of appropriate drugs

for treatment.

INTRODUCTION

Pseudomonas aeruginosa is an important
pathogen causing severe and life threatening in-
fections in immunocompromised hosts, such as
patients suffering from respiratory disease, chemo-
therapy cancer patients, and children and young
adults with cystic fibrosis. Moreover, it is alead-
ing cause of nosocomial infections and is associ-
ated with ahigh mortality rate. Onereason for this
high mortality isitsnotableres stanceto many cur-
rently availableantibiotics. Yet, comparative analy-
ses of the emergence of resistance associated with
different classesof antipseudomonal drugsarelack-
ing, even through knowledge about the relative
risks of resistance with different antibiotics could
be useful in helping to guide theraputic choices
(Carmell et al, 1999). In cydtic fibrosis patients,
colonization of the respiratory tract with P.
aeruginosa occurs, mucoid variants of the origi-
nal strain emerge and predominate (Ogle et al,
1987). Themucoid strain of P. aeruginosaleadsto
chronic pulmonary infection and apoor prognosis
for the patient. The mucoid typeisthe result of an
overproduction of the exopolysaccharide aginate.
(Govan and Harris, 1986). The antimicrobial sus-
ceptibility pattern of mucoid and non-mucoid phe-
notypesisdifferent. The reason for this difference
in antibiotic susceptibility isnot clear (Ciofu et al,

Correspondence: Somporn Srifuengfung, Department
of Microbiology, Faculty of Medicineat Siriraj Hospi-
tal, Mahidol University, Bangkok 10700, Thailand.

Vol 35 No.4 December 2004

2001). In this study, we analyzed data for P.
aeruginosa, mucoid type and non-mucoid type, iso-
lated from patientsadmitted to Sirirg) Hospital from
January 2001-October 2003.

MATERIALSAND METHODS

Bacterial isolates and identification proce-
dure

One thousand two hundred and twenty P.
aeruginosa strains were collected from different
patients who were admitted to Sirirg) Hospital be-
tween January 2001 and October 2003. The iso-
lates were obtained from different clinical speci-
mens, including bronchial wash, bronchoalveolar
lavage, throat swab, nasal swab, and sputa. Sputa
were gram-stained and only sputums showing <25
squamous epitherial cellsper low-power field were
acceptablefor culture on blood agar, chocol ate agar
and MacConkey agar. Bacterial pathogens were
isolated and identified by the conventiona bio-
chemical tests (Murray et al, 1999) ie, gas from
nitrate, growth at 42°C, no growth at 4°C, gelatin
liquefaction test, pigment production, lactose O/F,
maltose O/F, arginine dihydrolase activity and or-
nithine decarboxylase. For each isolate, the labo-
ratory completed acase record by giving details of
thepatient’sage, sex, siteof infection, together with
susceptibility testing results.
Antibiotic susceptibility testing

TheKirby-Bauer disk diffusion method was
performed asrecommended by the National Com-
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mittee for Clinical Laboratory Standards
(NCCLS, 2002). The Muller-Hinton plates were
incubated overnight at 35°C for 18 hours, after
which the diameter of each inhibition zone was
measured.

RESULTS

For the 1,220 strains of P.aeruginosa iso-
lated, the sources of the specimens are shown in
Table 1. They were mostly isolated from sputa
followed by bronchial washings. Forty-four
strains were mucoid types (3.6%) whereas 1,176
strains were non-mucoid types (96.4%) (Fig 1).
For the mucoid type, the number of patients based
on different age groupsis shownin Table 2. The

Table1
Source of clinical specimens from patients of
Sirirg] Hospital.
Isolation sites No.of % No.of %
mucoid non-
mucoid
Bronchoalveolar lavage 1 2.3 10 08
Bronchial wash 3 6.8 77 65
Nasal swab - - 5 04
ET tube - - 2 02
Throat swab - - 5 04
Sputa 40 909 1,077 916
Total 44 100 1,176 100
Table 2
The number of patients (mucoid type) in
different age groups.
Age groups Number of patients %
(years) (mucoid strains)
<1 - -
19 - -
10-19 - -
20-29 3 6.8
30-39 2 45
40-49 1 23
50-59 3 6.8
60-69 7 15.9
=70 13 295
Datanot available 15 34.1
Total 44 100
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Fig 1-The percentage of P. aeruginosa mucoid and non-
mucoid types.
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Fig 2-The number of maleand femalein P. aeruginosa
mucoid type.

patients ages ranged from 23 to 81 years old
(Table 2). The highest percentage group was pa-
tients = 70 years old (29.5%) followed by 60-69
years old (15.9%). Of these, the ratio of
malefemale was 1:1.5 (Fig 2).

Antimicrobial susceptibility test

The percentages of mucoid and non-mucoid
strains susceptible and resistant to each drug are
shown in Table 3. For the mucoid type, the sensi-
tivitieswere: amikacin (86%), gentamicin (86%),
netilmycin (97%), ciprofloxacin (90%), ofloxacin
(87%), imipenem (95%), meropenem (93%),
piperacillin/tazobactam (97%), cefepime (96%),
cefpirome (86%), cefoperazone/sulbactam (95%),
ceftazidime (91%) and ceftriaxone (58%). For the
non-mucoid type, the sensitivitieswere: amikacin
(70.5%), gentamicin (53.5%), netilmycin (82%),
ciprofloxacin (70%), ofloxacin (60.5%), imipenem
(69.5%), meropenem (68%) and piperacillin/
tazobactam (78%). Both types were resistant to
ampicillin, ampicillin/sulbactam, amoxicillin/
clavulanate, co-trimoxazole, cefotaxime and
cefoxitin.
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Table 3
Susceptibility patterns of P.aeruginosa mucoid
type and non-mucoid type.

Antibiotics % Susceptible
Mucoid Non-mucoid

Amikacin 86 70.5
Gentamicin 86 535
Netilmycin 97 82
Ceftazidime 91 66
Ciprofloxacin 90 70
Ofloxacin 87 60.5
Imipenem 95 69.5
Meropenem 93 68
Piperacillin /tazobactam 97 78
Cefepime 96 65
Cefpirome 86 57
Cefoperazone/sulbactam 95 65
Ceftriaxone 58 55
Ampicillin 8 0
Ampicillin/sulbactam 36 10
Amoxicillin/clavulanate 17 25
Co-trimoxazole 41 175
Cefotaxime 45 3
Cefazolin 0 6

DISCUSSION

P. aeruginosa infection is a serious cause of
nosocomial infections. In this study, it wasfound
that the incidence of P. aeruginosa mucoid type
was very rare compared to non-mucoid type.
From a previous study in Iran (Ahangarzadeh-
Rezaee et al, 2002), out of 133 clinically isolated
P. aeruginosa strains, 43 cases (32.3%) wereiden-
tified as mucoid type and 90 cases (67.7%) were
non-mucoid type. Mutation may induce mucoid
variants, which synthesize large amounts of ex-
tracellular alginate, emerging within months of
colonization. Thus, transition from early coloni-
zation to chronic infection may be associated with
a change in P. aeruginosa phenotype from non-
mucoid to mucoid colony formation (Mathee et
al, 1999). Our study aso investigates the rela-
tionship between age and the mucoid type. It is
associated with patientsin age groups = 60 years
old (45.5%).

Drug resistant P. aeruginosa may develop
during therapy. Datafrom our study demonstrated
that the mucoid isolateswere generally more sus-
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ceptible to the drugs tested than non-mucoid iso-
lates. These results arein accordance with previ-
ously published datafrom southwestern Germany.
They found that non-mucoid strains were more
resistant to antibiotics, and inversely correlated
to alginate production (Schulin, 2002). Other in
vitro investigations have noted similar results
(Shawar et al, 1999). In addition, astudy in Den-
mark found that mucoid strains of P. aeruginosa
were more susceptible to antibiotics, and had
lower p-lactamase activity than the correspond-
ing non-mucoid strains. They proposed that the
maintenance of antibiotic susceptibility of algi-
nate-overproducing isolates might be explained
by the co-existence in biofilm of non-mucoid re-
sistant isolates that may play a protective role
(Ciofuetal, 2001). A recent study in Iran reported
that mucoid strains were significantly more re-
sistant to amikacin, gentamicin, and tobramycin
than non-mucoid strains (Ahangarzadeh-Rezaee
et al, 2002). Of all the isolates in our study,
netilmycin was the most effective antibiotic
(89.5%), followed by amikacin (78.2%) and gen-
tamicin (69.7%) in the aminoglycoside group. Of
the p-lactam antibiotics, piperacillin/tazobactam
(87.5%) was the most effective, followed by
imipenem (82.2%), meropenem (80.5%),
cefepime (80.5%), cefoperazone/sulbactam
(80%), ceftazidime (78.5%) and cefpirome
(71.5%). In fluoroquinolone group, ciprofloxacin
(80%) was the most effective, followed by
ofloxacin (73.7%). These data are in agreement
with a previous study in Belgium which demon-
strated that amikacin was the most effective
(10.5% resistance) in aminoglycoside group and
ciprofloxacin was most effective agent in the
fluoroquinolone group. Levofloxacin and
oflaxacin had only 27.5% and 37.5% sensitivi-
ties, respectively. In terms of percentages of sus-
ceptibility, both piperacillin/tazobactam and
meropenem scored best (Eldere, 2003). Similar
to a study in western Germany, meropenem,
ceftazidime, and piperacillin were most effective
in mucoid and non-mucoid strains (susceptibili-
tieswere86.2, 84.2 and 84%, respectively). How-
ever, only 46.2 and 41.8% of strains were sus-
ceptibleto ciprofloxacin and fosfomycin, respec-
tively (Schulin, 2002). It was reported that the
majority of meropenem-resistant P. aeruginosa
were resistant to imipenem, but amost half the

895




SouTHEAST AsiaN J TrRop MEeD PusLic HEALTH

imipenem resistant strains were susceptible to
meropenem. Moreover, the strains resistant to
meropenem were also resistant to ciprofloxacin
and carbenicillin (Bonfiglio et al, 1998).

REFERENCES

Ahangarzadeh-Rezaee M, Behzadiyan-Nejad Q,
Najjar-Pirayeh S. Higher aminoglycoside resis-
tancein mucoid Pseudomonasaeruginosathanin
non-mucoid strains. Arch Iranian Med 2002; 5:
251-54.

Bonfiglio C, Carciotto V, Russo G, et al. Antibiotic
resistancein Pseudomonas aeruginosa, an Italian
surveys. J Antimicrob Chemother 1998; 41: 307-
10.

Camell Y, Troillet N, Eliopoulos GM, Samore MH.
Emergence of antibiotic-resistant Pseudomonas
aeruginosa: comparison of risks associated with
different antipseudomonal agents. Antimicrob
Agents Chemother 1999; 43: 1379-82.

Ciofu O, Fussing V, Bagge N, Koch C, Hoiby N. Char-
acterization of paired mucoid/non-mucoid
Pseudomonas aeruginosa isolates from Danish
cystic fibrosis patients: antibiotic resistance, f3-
lactamase acitivity and riboprinting. J Antimicrob
Chemother 2001; 48: 391-6.

Eldere JV. Multicenter surveillance of Pseudomonas
aeruginosa susceptibility pattern in nosocomial
infections. J Antimicrob Chemother 2003; 51:
347-52.

896

Goven JR, Harris GS. Pseudomonas aeruginosa and
cystic fibrosis: unusual bacterial adaptation and
pathogenesis. Microbiol Sci 1986; 3: 302-8.

MatheeK, Ciofu O, Sternberg C, et al. Mucoid conver-
sion of Pseudomonas aeruginosa by hydrogen
peroxide: amechanismfor virulence activationin
the crystic fibrosis lung. Microbiol 1999; 145:
1349-57.

Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken
RH, eds. Manualsof clinical microbiology. 7" ed.
Washington DC: American Society for Microbi-
ology, 1999: 283-96.

National Committeefor Clinical Laboratory Standards.
Performance standards for antimicrobial suscep-
tibility testing, twelfth informational supplement.
Approved standard NCCL S document M7 —Ab.
5"ed. Villanova, Pa: NCCLS, 2002.

OgleJW, JandaJM, WoodsDM, Vasil ML. Character-
ization and use of a DNA probe as an epidemio-
logical marker for Pseudomonas aeruginosa. J
Infect Dis 1987; 155: 119-26.

Schulin T. In vitro activity of the aerosolized agents
calitin and tobramycin and fiveintravenous agents
against Pseudomonas aeruginosa isolated from
cystic fibrosis patients in Southwestern Germany.
J Antimicrob Chemother 2002; 49: 403-6.

Shawar RM, Macleod DL, Garber RL, et al. Activities
of tobramycin and six other antibiotics against
Pseudomonas aeruginosa isolates from patients
with cystic fibrosis. Antimicrob Agents Chemother
1999; 43: 2877-80.

Vol 35 No.4 December 2004




