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Abstract

Background: Pseudomonas aeruginosa, as an etiological
agent, has a prominent infection role in serious burned pa-
tients. Burned patients usually treated with antiseptic oint-
ments such as silver sulfadiazine (SSD). This study evalu-
ated the effectiveness of 1% SSD and different concentra-
tions of silver nitrate solution (SNS) on resistant isolates of
P. aeruginosa.

Methods: Three groups of P. aeruginosa isolates were col-
lected consisting of 63 strains from burned patients (group I),
15 strains from burn-hospital environment (group Il) and 70
strains from non-burn patients as control group. The Minimum
Inhibitory Concentrations (MICs) of SSD and SNS were de-
termined by agar dilution method and their susceptibility to
SSD was evaluated by agar well diffusion method.

Results: In group I, 60 (95%) strains were resistant to SSD,
whereas only 5 of them were resistant to SNS. In group II,
eight out of 15 strains were resistant to SSD with MICs simi-
lar to group | while they did not show any resistance to SNS
(P<0.001). In control group, all strains were sensitive to SSD
and SNS (P<0.001).

Conclusion: Most of burned patient isolates were resistant to
SSD while most of them were sensitive to SNS. In contrast, all
the control isolates were sensitive to SSD and SNS. Frequent
administrations of SSD ointment in burned patients surely
have caused resistant strains to emerge. Cessation of SNS ap-
plication in clinic or less administration of SSD in non-burn
patients did not induce resistance strains.
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Introduction
seudomonas aeruginosa is an opportunistic Gram-
negative pathogenic bacterium. This bacterium in hos-
tile conditions such as colonization in burned skin sur-
face produces large amounts of exopolysac charide that bind

with water and form gels. The production of such slime mate-
rial plus iron binding siderophores, pyochelin and pyroverdin
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results in the extraction of iron and other nutri-
ents from its environment and thrives in micro-
colonies." The existence of such array of the
exoenzymes and gels with cell surface enzyme
penicillinases makes the organism very difficult
to treat or eradicate from burn wound and
medical equipment and devices in burn
units."? Therefore, serious infections caused
by P. aeruginosa remain a common complica-
tion in burn patients, contributing substantially
to burn morbidity and mortality. Unfortunately,
burned patients routinely are exposed to water
either for hydrotherapy or washing of the
wounds and cross-transmission of resistant
strains from small tube or large Hubbard tank
to another patient has been proven.2

Silver compounds are widely used as effec-
tive antimicrobial agents to combat pathogens
both in clinics and for public health purpose.®
Silver cations (Ag") are microbiocidal at low
concentration and have been administrated to
treat burn lesion, wound and ulcer.? Application
of silver sulfadiazine (SSD) for burn infection
was introduced by Fox.* However, concern
about its efficacy arose when resistant bacteria
reported in a burn unit of Birmingham hospital
in UK following SSD treatment of patients with
extensive burns.’ Silver nitrate was adminis-
trated previously in clinic as a topical antisep-
tic. However, the advent of more effective sil-
ver compounds and new antiseptics decreased
or in some clinics ceased its application.

This study was, therefore, conducted to
evaluate the current level of in vitro susceptibil-
ity of P. aeruginosa to silver based creams
which are broadly administrated as a topical
anti-pseudomonal agent in curing burned pa-
tients. In addition the level of susceptibility of
P. aeruginosa to SNS which is not used any-
more as a topical antiseptic agent in our hospi-
tals was determined to assess the relationship
between application of drug and emergence of
resistant strains.

Material and methods

Pseudomonas aeruginosa strains

Sixty three, 15 and 70 strains of P. aerugi-
nosa were isolated from burned patients
(group I), environment of Ghotbedin Burn Hos-
pital (group Il) and non-burned patients admit-
ted to Nemazee Hospital as control (control
group), all affiliated with Shiraz University of
Medical Sciences, Shiraz Iran, respectively
from January to April 2002. Control group had
various pseudomonal infections but was not
exposed to silver compounds.

A sterile cotton swab was used for sampling
from patients or the environment. Samples
were quickly cultured on nutrient agar medium
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(Oxoid, UK) and incubated overnight at 37 °C.
Any suspicious colony was then subcultured
and purified. The isolates were identified as a
P. aeruginosa based on oxidase test, triple
sugar iron (TSI) fermentation, color, pyocyanin
pigment production, odour and or ability to
grow at 42 °C. The isolates were preserved at -
70 °C in Luria-Bertani broth (LB) containing 50%
(v/v) glycerol.

Antiseptics supplies

Pure silver nitrate powder was purchased
from BDH Laboratory Supplies Poole (Anala R,
England). Pure SSD powder and ointment
(1%) were supplied by Sobhan Pharmacy
Company (Tehran, Iran).

Susceptibility tests

Minimum inhibitory concentrations (MICs)
for SSD and SNS were determined using agar
dilution and agar well diffusion method.

Agar dilution method

There is not a consistent guide to differenti-
ate silver resistant isolates from sensitive
ones. Hendry and his colleagues used 0.5 mM
of SNS as a cutoff point for differentiation of
resistant strains from sensitive ones.® In this
study we used Hendry’s procedure with the
same media and conditions to determine MICs
for SSD and SNS in P. aeruginosa isolates.
Therefore bacteria with MIC>0.5 mM were
considered as a resistant isolate and <0.5 mM
as a sensitive one.

Agar well diffusion method

Muller-Hinton agar with 5 mm well contain-
ing holes and 6 mm diameter was prepared.
The surface of the agar was swabbed with
suspension of each isolate adjusted to 0.5
Mac-Farland (approximately10® CFU/ml). An
antibiotic sensitive American Typing Culture
Collection (ATCC) 27853 was used as a con-
trol strain in antibacterial susceptibility deter-
mination. The well was filled under aseptic
condition with 1% SSD ointment using sterile
syringe and needle. The plates were incu-
bated aerobically in darkness for 24 hrs at 37
°C. Resistance and susceptibility was defined
as no zone of inhibition or significant inhibition
zone, respectively.7

Statistical analysis

Data are presented as meantSD. The dif-
ference between MIC values for SSD and SNS
in groups | and control was analyzed sepa-
rately by paired Student’s t test. The difference
between MIC values for SSD and SNS in
group Il was obtained by non-parametric test
(Willcoxon). The correlation between MIC val-
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Table 1: Mean+SD of MIC for SSD & SNS and frequency of resistant (R) and sensitive (S) strains in P. aeruginosa iso-

lated from patients of groups |, Il and control.

Groups SSD(mM) R (%) S (%) SNS (mM) R (%) S (%)

| 7.8+3.5"# 60 (95) 3(5) 0.49+0.16*# 5(8) 58 (92)
Il 2.06+3.3 8 (53) 7 (47) 0.49+0.16 0(0) 15 (100)
Control 0.2+.052 0(0) 70 (100) 0.29+0.12 0(0) 70 (100)

* Difference between Means of MICs for SSD or SNS in groups | and Il, (P<0.001).
# Difference between Means MICs for SSD and SNS in groups | and control (P<0.001).

Table 2: MIC ranges and the lowest concentration of SSD (mM) or SNS (mM) which prevent growth of 50%, (MICs;) or 90%

(MICq) of P. aeruginosa isolates.

SDS SNS
Groups MIC range MICsq MICg MIC range MICsg MICg
| 0.25->10 >10 >10 0.25-1 0.5 0.5
1 0.12—10 0.75 2 0.12-0.5 0.25 0.5
Control 0.12—-0.25 0.25 0.25 0.12—0.38 0.25 0.25

ues and inhibition zone for each group was
calculated by correlation coefficient test. The
difference between means for MIC groups |
and Il was estimated by non-parametric test
(Mann-Whitney) while this difference between
group | and control group was obtained by Stu-
dent’s t test and the significant level was de-
fined as P<0.05.

Results

The results of susceptibility tests showed that
60 (95%) of isolates in group | were resistant
to SSD, whereas 5 (8%) of the isolates were
resistant to SNS (Table 1). MIC ranges of
these isolates to SSD were between 0.25->10
mM and to SNS between 0.25-1 mM (Table2).
The lowest concentration of antibacterial agent
which prevented growth of 50% and 90% of
bacteria (MIC5;, and MICgy) to SSD and SNS
were >10, 0.5 and >10, 0.5 mM, respectively
(Tables 2). The results of agar well diffusion
method revealed that only three strains had
inhibition zone with diameter of 10, 11, and 11
mm and with MIC values of 0.25, 0.38, and
0.38 mM, respectively. Nevertheless, the re-
mainder of the isolates (60 strains) in this
group had no inhibition zone. As shown in Table
1 the difference between MIC values for SSD
and SNS was highly significant (P<0.001). In
group | the correlation between MIC values and
the diameter of inhibition zone for SSD was ob-
served (P<0.001).

Group Il included 15 strains isolated from
the environment of burn center. In this group
eight strains (53%) were resistant to SSD. MIC
ranges of these isolates to SSD, MICs, and
MICy, were, 0.12-10 mM.0.75and 2 mM, re-
spectively, while MIC ranges of these isolates to
SNS was 0.12-0.5 mM. None of these isolates
showed any resistance to SNS (Table 2). The
result of agar well diffusion method showed

that eight strains had no zone of inhibition
while seven strains showed inhibition zones
between 10-11 mm. In group Il correlation be-
tween the MIC values and the diameter of inhi-
bition zone for SSD was observed (P<0.04).

Control group consisted of 70 strains iso-
lated from non-burned patients in Nemazee
hospital. In this group all the strains were sen-
sitive to SSD and SNS with the MIC ranges
between 0.12-0.25 mM and 0.12-0.38 mM,
respectively (Tables 2). In control group all
seventy isolates showed zone of inhibition be-
tween 10-24 mm. In control group also the cor-
relation between the MIC values and the diame-
ter of inhibition zone for SSD existed (P=0.007).

Analysis of MIC distribution to SSD and
SNS in all the three groups showed that in
burned-patients group 40 isolates (63.3%)
were highly resistant to SSD (MICs ranges be-
tween 0.25->10 mM), while in groups Il and
control the intermediate and lower range of MIC
values to SSD between 0.12-10 and 0.12-0.25
mM were obtained, respectively (Table 2).

Discussion

Although resistance to SSD in P. aeruginosa
was reported, its resistance mechanism has
not been determined.® It is suggested that re-
sistance of Pseudomonas to silver based topi-
cal antimicrobials in part is based on the muta-
tion of outer membrane proteins that transport
ions including silver across bacterial mem-
brane.>'® Gentamicin-resistant strains of P.
aeruginosa which were isolated from burned-
patients have been reported.11 These stains
showed cross-resistance to SSD but their re-
sistance was unstable and did not persist on
subculture media. According to the report in
USA, an epidemic sepsis of Enterobacter clo-
acae in burned patients occurred which led to
13 deaths.’* The MIC values of SSD for these
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strains were 3200 pg/ml whilst the strains iso-
lated from non-burned patients were all sensi-
tive to SSD. Similarly, Rosenkranz et al iso-
lated two SSD resistant strains of Entrobacter
cloace in a burn unit where SSD was in use.
These strains showed high resistance to SSD
(MIC= 400 pg/ml) and were cross-resistant to
silver benzoate but not to silver nitrate.™

Analysis of our data indicated that immer-
gence of resistant strains of P. aeruginosa with
high MIC (>10 mM) in burned patients oc-
curred due to extensive administration of SSD.
Similar to Rosenkranz et al. our strains did not
show any cross-resistance to SNS. One possi-
bility for this phenomenon is that different
mechanisms may contribute to the resistance
to SSD and SNS®™ MIC distribution for SSD
revealed that most of burned patient strains
(63.4%) had this value at the highest level (>10
mM). This type of resistance can occur by
transferable elements such as plasmid, phage
or transposon, etc.41° Nevertheless, resis-
tance genes can be originated from membrane
genes, the function of which is transporting
ions and organic materials (including silver
compounds) across bacterial membrane.®?
However, mutations in these genes may alter
their proteins function by decreasing of bacte-
rial membrane permeability.17 Alternatively, the
synergies between low permeability, due to mu-
tation, and efflux pumps could be responsible
for resistance.'®'® Several efflux operons whose
responsibility is to execrate solutes and antibiot-
ics out of P. aeruginosa have been discov-
ered.?%?’ Nevertheless, to date resistance
mechanisms of P. aeruginosa to silver com-
pounds and SSD have not been known pre-
cisely. Therefore, further molecular genetic ba-
sic researches are needed to initiate and clarify
the basis resistance of P. aeruginosa to SSD.

Our data also showed that the difference
between MIC means values of SSD in groups |
and control or group | and Il was highly signifi-
cant (Table 1, P<0.001). This mean frequent
application of SSD in burn patients could facili-
tate resistant strains to be selected while the
difference between burn patients and environ-
mental isolates could reflect less contact of
these strains to SSD. It is clear that continuous
administration of SSD may emerge resistant
strains. Regarding of this problem periodical
application of this drug or administration of
combination of SSD with other anti-pseudomonal
antiseptics can promote wound healing,22 or im-
prove SSD efficacy.?

In recent years other alternative silver com-
pounds such as nanocrystal silver delivery sys-
tem has been introduced.? The antimicrobial
efficacy of nanocrystal silver delivery system
has been proven. Surprisingly, as compared to
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SSD, administration of this new drug in burn
patients has markedly reduced the cost of
nursing, supplies and painkiller.z‘“25 This finding
warns us to regularly survey the efficacy of all
administrated silver compounds in clinics.

Conclusion

Due to frequent administration of SSD oint-
ment in burned patients majority of the isolate
were resistant to this antiseptic ointment. In
contrast, all the control isolates were sensitive
to SSD and SNS_ This could happen due to the
cease of application of SNS in clinic or less
administration of SSD in the control group.
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