Fig. 1 Reconstructed three-dimensional images of GFP producing 3-day biofilm in the absence and presence of
antimicrobial agents. Confocal laser scanning microscopy (Zeiss LSM 510) with 20 x microscope objective
was used to examine. A: control, B: fosfomycin (3 x MIC)

Fig.2 Reconstructed three-dimensional images of GFP producing 1-day biofilm after 72-h treatment in the absence
and presence of antimicrobial agents. Confocal laser scanning microscopy (Zeiss LSM 510) with 20 x

microscope objective was used to examine. A: control, B: fosfomycin (3 x MIC), C: levofloxacin (10 x MIC),
D: levofloxacin (10 x MIC) plus fosfomycin (3 x MIC).
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100 um

100 um

Fig.3 Reconstructed three-dimensional images of 2-day P. aeruginosa biofilms after 18-h treatment with ulifloxacin

alone and in combination with fosfomycin. A: ulifloxacin (10 x MIC), B: ulifloxacin (10 x MIC) plus

fosfomycin (3 x MIC). Confocal laser scanning microscopy (Zeiss LSM 510) with 20 x microscope objective

was used to examine biofilms after staining with two-color fluorescence. Green (upper right) and red (upper

left) signals are images for live and dead cells, respectively. The images in lower right are the combined

signals of upper right and upper left.
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Pseudomonas aeruginosa Biofilms in Urinary Tract Infections
- The Search for Antibiofilm Agents -

Reiko Kariyama, Koichi Monden and Hiromi Kumon
Department of Urology, Graduate School of Medicine, Dentistry and Pharmaceutical

Sciences, Okayama University, Okayama, Japan

We are continuing efforts to identify antibiofilm agents using more suitable experimental models. In this
study, a capillary flow cell system as an in vitro model of complicated urinary tract infections (UTI) is
utilized. Pseudomonas aeruginosa OP14-210 isolated from a patient with catheter-associated UTI was used
and a GFP (green fluorescent protein)-producing strain, P. aeruginosa OP14-210 (pMF230), was constructed.
Biofilms were grown in glass capillary tubes under continuous flow conditions with artificial urine, and
were observed by confocal laser scanning microscopy. To evaluate the effects of potential antibiofilm agents,
levofloxacin (LVFX 10 times the MIC: 80 pug/ml), ulifloxacin (UFX 10 times the MIC: 20 pg/ml) and
fosfomycin (FOM 3 times the MIC: 192 pg/ml) were tested. When both LVEX and FOM were added to the
system 2-h after inoculation with the GFP-producing strain, very weak fluorescence signal indicating no
biofilm formation was observed after 3-days. The GFP-producing 1-day biofilm after 72-h treatment with
FOM alone was similar to that seen with no treatment. The irregular detached biofilm was observed by the
treatment with LVEX alone. In combination of LVFX and FOM, the irregular detached biofilm was much
thinner than that with LVFX alone. BacLight staining was applied to assess the effects of treatment on the
number of live and dead cells, and their distribution in biofilms. A higher proportion of dead cells was
observed in the 2-day biofilms after 18-h treatment with either UFX alone or in combination of UFX and
FOM compared with either LVFX alone or in combination of LVFX and FOM. The quantitative analysis of
the intensity of green and red signals confirmed the increased bactericidal effect by the combination of UFX
and FOM compared with LVFX and FOM. Our previous findings regarding the synergy between
fluoroquinolones and FOM were confirmed using the present capillary biofilm system. Potential antibiofilm

agents are currently under investigation.
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Fig. 2 Biofilm-forming capabilities of Pseudomonas aeruginosa isolates in two groups; non-febrile and febrile

episodes.
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Fig. 3 Biofilm-forming capabilities of Pseudomonas aeruginosa isolates in two groups; catheter-unrelated and
catheter-related cases.
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Fig. 4 Percentage of antimicrobial resistant isolates among strong biofilm-forming isolates and non-strong biofilm-
forming isolates.
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Relationships between biofilm-forming capabilities of Pseudomonas
aeruginosa isolates and clinical background/antimicrobial resistance in

urinary tract infections

Toyohiko Watanabe, Shinya Uehara, Ritsuko Mitsuhata, Koichiro Wada,
Ayano Ishii, Reiko Kariyama, Koichi Monden and Hiromi Kumon

Department of Urology, Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, Okayama University

We investigated the relationships between biofilm-forming capabilities of Pseudomonas aeruginosa isolates
and clinical background/antimicrobial resistance in urinary tract infections (UTI). Over a 13-year period
from 1993 through 2005, a total of 166 P. aeruginosa isolates were collected from patients (one isolate per
patient) with UTI at Okayama University Hospital. We used the in vitro microtiter plate assay to quantify
biofilm formation and classified those into two groups; strong biofilm-forming isolates (ODs70 = 0.5) and
non-strong biofilm-forming isolates (ODs7 < 0.5). The associated medical records were retrospectively
reviewed for febrile (2 37.5 C) or non-febrile episodes (< 37.5 C) and catheteter-related or catheter-
unrelated cases. The biofilm-forming capabilities of P. aeruginosa isolates from febrile episodes (0.28 3 0.04)
and/or catheter-related cases (0.23 + 0.02) were greater than those from non-febrile episodes (0.18 + 0.02)
and/or catheter-unrelated cases (0.17 + 0.03). The percentage of P. aeruginosa isolates exhibiting
antimicrobial resistance to piperacillin, ceftatzidime, imipenem, gentamicin and ciprofloxacin was higher
among strong biofilm-forming isolates than among non-strong biofilrr;—forming isolates. These results
suggested that the persistence of P. aeruginosa in the urinary tract is due to biofilm formation exhibiting

antimicrobial resistance as well as multiple resistance mechanism of P. aeruginosa itself.
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Case Report

Appearance of Multidrug-Resistant Opportunistic Bacteria

on the Gingiva During Leukemia Treatment

Yoshihiko Soga,*! Takashi Saito,’ Fusanori Nishimura,$ Fumihiko Ishimaru,! Junji Mineshiba, *
Fumi Mineshiba,* Hirokazu Takaya,! Hideaki Sato,* Chieko Kudo,*! Susumu Kokeguchi,* *
Nobuharu Fuijii,* Mitsune Tanimoto, and Shogo Takashiba*

Background: Dentists generally recognize the importance of periodontal treatment in patients with leuke-
mia, with the most attention paid to preventing the development of odontogenic infection. For physicians,
the worst type of infection is one caused by multidrug-resistant bacteria. Here, we report a patient with an
abnormal increase in multidrug-resistant opportunistic bacleria in the gingiva during hematopoietic cell
transplantation (HCT).

Methods: A 53-year-old woman receiving HCT for leukemia had an insufficient blood cell count for inva-
sive periodontal treatment before HCT. Even brushing caused difficulties with hemostasis. Therefore, fre-
quent pocket irrigation and local minocycline administration were performed.

Results: The multidrug-resistant opportunistic bacterium Stenotrophomonas maltophilia was detected
first in phlegm 2 days before HCT, and it was detected in a gingival smear and a blood sample 7 and 11
days after HCT, respectively. The patient developed sepsis on day 11 and died 14 days after HCT. Frequent
irrigation and local antibiotic application were ineffective against S. maltophilia on the gingiva. Inflamma-
tory gingiva without scaling and root planing showed bleeding tendency, and this interfered with the erad-
ication of this bacterium.

Conclusions: The gingiva in patients undergoing leukemia treatment acts as sites of proliferation and res-
ervoirs for multidrug-resistant opportunistic bacteria. Severe systemic infection by multidrug-resistant bacte-
ria in such palients with leukemia also may involve the gingiva. To prevent abnormal increases in such
bacteria on the gingiva, scaling and/or root planing before chemotherapy, which reduces bleeding on brush-
ing during the neutropenic period caused by chemotherapy, may contribute to infection control in such pa-
tients, although it was impossible in this case. J Periodontol 2008;79:181-186.
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Department of Pathophysiclogy - Periodontal Science, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,

Okayama, Japan.

{ National Sanatorium Oku-Komyoen, Setouchi, Okayama, Japan.

$ Department of Hematology, Oncology and Respiratory Medicine, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences.

& Currently, Department of Dental Science for Health Promotion, Division of Cervico-Gnathostomatology, Hiroshima University Graduate Schoel of
Biomedical Sciences, Hiroshima, Japan: previously, Department of Pathophysiology ~ Pericdontal Science, Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences.

| Cuwrrently, Okayama Red Cross Blood Center, Okayama, Japan; previously, Department of Hematology, Oncology and Respiratory Medicine, Okayama
University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences.

1 National Sanatorium Kuryu-Rakusenen, Kusatsu, Gunma, Japan: previously, Department of Pathophysiology - Periodontal Science, Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences.

# Private practice, Fukuyama, Hiroshima, Japan; previously, Department of Pathophysiology - Periodontal Science, Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences.

** Department of Global Health and Environmental Sciences — Oral Microbiology, Okayama University Graduate School of Medicine, Dentistry and

Pharmaceutical Sciences.

doi: 10.1902/jop.2008.070205

181

— 114 —



cute myeloid leukemia (AML) is a heteroge-
Aneous clonal disorder of hematopoietic pro-

genitor cells and is the most common type of
malignant myeloid disorder in adults.! Treatment for
AML consists of induction chemotherapy followed by
a number of cycles of consolidation chemotherapy.
The goal of induction chemotherapy is to achieve
complete remission by eliminating leukemic cells
from the bone marrow, whereas consolidation che-
motherapy is necessary to prevent relapse after re-
mission. Hematopoietic cell transplantation (HCT)
can be used as postremission therapy.?

Oral and systemic infections arising from the oral
cavity are significant problems in patients with cancer
who are treated with intensive chemotherapy regi-
mens, including HCT.3 Preexisting periodontal infec-
tions may induce fever, and microorganisms may
spread systemically in patients with hematologi-
cal malignancy during chemotherapy.4? From the
viewpoint of physicians involved in the treatment
of patients with leukemia, infection by multidrug-
resistant bacteria is the worst type of infection.

Here, we report the appearance of multidrug-resis-
tant opportunistic bacteria on the gingiva in a patient
receiving HCT. This case showed that the gingiva in
patients undergoing leukemia treatment acts as sites
of proliferation and as reservoirs for multidrug-resis-
tant opportunistic bacteria.

Patient

The patient was a 53-year-old Japanese woman who
developed AML at 51 years of age. Despite repeated
consolidation therapy, her leukemia relapsed, and
she was referred to the Department of Hematology,
Okayama University Hospital, Okayama, Japan, for
treatment. Umbilical cord HCT was planned, and
she was referred by her physician to the Department
of Periodontics and Endodontics, Okayama Univer-
sity Hospital, for oral examination and treatment, if
necessary, 40 days before HCT. Her medical history
was not remarkable except for the leukemia.

Clinical Oral Findings on First Oral Examination
The first oral examination was performed 40 days be-
fore HCT. The patient’s blood cell counts were: white
blood cells (WBCs) = 4,900/ul (1.5% neutrophils);
platelets = 29,000/ul; and C-reactive protein (CRP) =
0.4 mg/dl. The gingival appearance is shown in Fig-
ure 1. Although attachment loss was not remarkable,
redness, hypertrophy, and deep pockets with probing
depths ranging from 4 to 6 mm were observed around
the interdental gingiva. Radiographs were not avail-
able as she could not leave the biologic clean room
because of her severely immunocompromised condi-
tion. However, the possibility of existing odontogenic
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infections other than periodontitis was very low be-
cause she had no third molars and no visible dental
caries. In addition, tooth restorations in this patient
were few and limited to the occlusal fissure.

Oral Diagnosis and Treatment Planning

Based on the clinical findings, a diagnosis of mild
chronic periodontitis was made. However, gingival
hypertrophy associated with leukemic cell infiltration
caused deep periodontal pockets. Therefore, the pa-
tient was judged to be at high risk for developing sys-
temic infection from periodontitis.

Total-body irradiation and high-dose chemother-
apy were planned from days -7 to -5 and from days
-4 to -3 prior to HCT, respectively. These two thera-
pies generally are referred to as the conditioning
regimen for HCT. This therapy causes reduction of
the normal WBC count to ~-0/ul along with that of
leukemic cells, resulting in an extremely immunocom-
promised condition. Her severe neutropenia was esti-
mated to continue for ~4 weeks until engraftment.

Scaling and/or pocket curettage could not be
performed prior to HCT because the patient’s neutro-
penia and thrombocytopenia were severe. Even
brushing of the inflamed gingiva was difficult because
of the deficiency of hemostasis. To reduce the bacte-
rial counts in the periodontal pocket without invasive
procedures, pocket irrigation with 0.2% povidone io-
dine was performed every day, and 2% minocycline
slow-releasing ointment!! was applied once a week.
Bacterial counts in the periodontal pockets in the 13
bucco-distal regions and 31 bucco-mesial regions
were monitored. The methods used for the isolation
and detection of total bacteria and three major peri-
odontal bacteria, Actinobacillus actinomycetemcomi-
tans, Prevotella intermedia, and Porphyromonas
gingivalis, were described previously.?

Clinical Course
Gingival appearances during the observation periods
are shown in Figure 2. Changes in the patient’s CRP,
WBC, and neutrophil counts are shown in Figure 3.
Before the conditioning regimen for HCT, WBC
counts increased, and gingival hypertrophy around
the interdental area became severe. Hypertrophic gin-
giva almost covered the tooth crown and caused deep
pockets. A high temperature >39.0°C continued from
14 days before HCT. The CRP value also was elevated
to 18.9 mg/dl. No infection other than periodontitis
was found. Frequent pocket irrigation and application
of minocycline ointmient to the periodontal pockets
were continued. Systemic antibiotic treatment also
was performed as sumrmarized at the end of this sec-
tion. However, the CRP value showed a markedreduc-
tion from 18.9 to 3.2 mg/dl as aresult of the high-dose

11 Periocline, Sunstar, Osaka, Japan.
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chemotherapy and total-body irradia-
tion, not the antibiotics. Reducing
WBCs along with the number of leuke-
mic cells led to the disappearance of
gingival hypertrophy (Fig. 2C).

After total-body irradiation at 4 days
before HCT, the CRP value was elevated
again (Fig. 3), although the patient’s
leukemic cells had disappeared. From
this stage, the WBC count remained
~0/ul. The CRP value became very
high, ranging from 13.1 to 21.8 mg/dl.
A high temperature >39.0°C continued.
Bacterial counts in the periodontal
pockets showed no remarkable in-
crease throughout the period of the con-
ditioning regimen and HCT (Fig. 4).

Seven days after HCT, white smears
appeared on the gingiva around the
tooth margins despite frequent irriga-
tion (Fig. 5). These white smears could be wiped off
with cotton, but inflammatory gingiva without scaling
or root planing showed a bleeding tendency, and this
interfered with the eradication of such smears, Platelet
count remained low at 5,000 ~ 10,000/pl. Detection
of bacteria by culture revealed that the white smears
consisted of opportunistic bacteria, Stenotrophomo-
nas maltophilia and Enterococcus faecalis, which had
been detected in phlegm 2 days before HCT. Eleven
days after HCT, sepsis caused by S. maltophilia and
Pseudomonas aeruginosa occurred, and the patient
died 14 days after HCT. All of these bacteria showed
high levels of resistance to many antibiotics. Among
the bacteria detected, S. maltophilia was common to
phlegm, gingiva, and blood samples, and the antibiotic
sensitivity patterns were almost the same in each iso-
late (Table 1).

The antibiotics used in this patient were as follows:
days-16to—8=meropenem; days-7to+1: cefepime =
days +2 to +12 = biapenem; days +8 and +9 = genta-
micin; and days +9 to +14 = clindamycin.

DHSCUSHON
No systemic infection other than periodontitis was dis-
covered in this patient before the conditioning regimen
for HCT. We attempted to perform continuous irriga-
tion without invasive procedures because of her severe
neutropenia and thrombocytopenia. However, the
main cause of the high fever and CRP seemed to be
the leukemia itself, because high-dose chemotherapy
and total-body irradiation markedly reduced CRP.
Aftertotal-body irradiation, the CRP value was elevated
again, although her leukemic cells had disappeared.
Therefore, in this case, infection was strongly sus-
pected. Because of her high fever and CRP, many types
of antibiotics were used, and this could have led to mi-
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crobial substitution. The muitidrug-resistant opportu-
nistic bacterium S. maltophilia was detected first in
phlegm 2 days before HCT, and was detected in a
smear on the gingiva and in a blood sample 7 and
11 days after HCT, respectively. We speculated that
all of these bacteria were of the same origin because
the antibiotic sensitivity patterns of the three isolates
were very similar. S. mallophilia might reach the gin-
giva from the respiratory tract. The visible growth
of a white smear of S. maltophilia on the patient’s
gingiva could be wiped off with cotton, but it caused
difficulties in hemostasis. Frequent irrigation and local
application of antibiotics were ineffective against
S. maltophilia, probably because of the antibiotic re-
sistance of the biofilm, although major periodontal
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bacteria were maintained at clinically acceptable {evels
and were not systemically causal. It was reported that
allogenic bone marrow transplantation is a significant
risk factor for S. maltophilia with antibiotic-resistant

bacteremia.?

In this case, inflammatory gingiva without scaling
or root planing interfered with keeping the gingiva
clean by brushing or wiping off with cotton throughout
the HCT period, even though white smears consisting
of multidrug-resistant bacteria appeared, because the
bleeding tendency could cause the risk for bacteremia
and difficulty in hemostasis. Scaling and root planing
before chemotherapy can reduce gingival inflamma-
tion and enable removal of the biofilm, which may
consist of multidrug-resistant bacteria, by brushing
or wiping off with cotton during the neutropenic and
thrombocytopenic period. A case was reported in
which successful periodontal treatment was per-
formed to maintain good gingival condition without
any bleeding, even though the platelet count was very
low (~5,000/p1).10 Although scaling and root planing

Table |I.

could not be performed in this case, many patients
have WBC and platelet counts sufficient to allow such
periodontal treatments before chemotherapy.

Dentists generally recognize the importance of peri-
odontal treatment in patients with hematological ma-
lignancy, and most attention is paid to prevention of
the development of odontogenic infection itself during
the neutropenic period. Conversely, for patients with
neutropenia undergoing HCT, the worst type of life-
threatening bacterial infection is that by multidrug-
resistant bacteria. The patient reported here showed
inflammatory gingiva without scaling or root planing
before chemotherapy and bleeding tendency, and this
interfered with the eradication of multidrug-resistant
opportunistic bacteria that may appear during the se-
vere neutropenic period caused by chemotherapy. It
is not clear whether this unusual infection consisting
of such bacteria was the cause of death in this case
or was confined to the oral cavity as a reservoir. How-
ever, there is concern regarding, the direct and/or
indirect influences of these bacteria, e.qg., aspiration
pneumonia or focal infection, on
the patient’s life and death. There-
fore, an effort should be made to
prevent abnormal increases in
the number of multidrug-resistant
bacteria on the gingiva. Scaling
and root planing before chemo-
therapy may reduce inflammation
of the gingiva, which may reduce
the bleeding caused by brushing,
even in the neutropenic period.
Prevention of abnormal increases
in multidrug-resistant bacteria on
the gingiva by scaling and/or root
planing before chemotherapy,
which would allow intensive brush-
ing during the neutropenic period,
may contribute to infection control
in such patients.

Sensitivity of S. maltophilia (detected in phlegm, gingival smear, and blood samples) to

Major Antibiotics
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CONCLUSIONS

The gingiva in patients undergoing leukemia treat-
ment acts as sites of proliferation and as reservoirs
for multidrug-resistant opportunistic bacteria. Severe
systemic infection by multidrug-resistant bacteria in
such patients also may involve the gingiva.
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