titer against Porphyromonas gingivalis.
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Table 3. Inflammatory markers in blood and use of COPD medication in patients between patients with normal and higher lgG

Normal-lgG titer
(n=44)

High-lgG titer

(n=49) p value

Y globuhn g/dL
 Greactive protein, g,
Use of COPD medications, n(%)
 Inhaled corticosteroi
Tiotropium

:Long-actmg [32 agon :

Salmeterol/fluticasone combmatnon 0 (0)

1.04 (0.94-1.18)

20 {45.5)

17 (34.7)

0

Data area expressed as medians (25th-75th percentiles).
doi:10.1371/journal.pone.0040570.t003

elevated serum IgG antibody titer didn’t associated with exacer-
bation frequency directly, but frequent exacerbations (at least two
per year) was lower in High-IgG titer group than in Normal-IgG
titer group (15.6% vs. 44.0%, p =0.018, Table S3).

Because periodontitis is often complicated with diabetic mellitus
[26,27] or other systemic diseases [16,17,28-30], we also checked
the comorbidities by using Charlson Comorbidities index. There
was no difference between High-IgG titer group and Normal-IgG
titer group. In this study population, comorbidities of COPD were
not influenced on the periodontitis.

The importance of predictors of exacerbation is becoming
recognized because identifying patients with susceptibility to
frequent exacerbations allows the design of an aggressive
prevention strategy [2]. We previously showed that an impaired
swallowing reflex can predict frequent exacerbations [7].
Assuming that the aspiration of bacteria into the lungs especially
among patients with an impaired swallowing reflex can cause
lower respiratory tract infection, we postulated that the common
oral infection, periodontitis, is associated with exacerbation.

_Although a diagnosis of periodontitis requires a systematic
approach including a comprehensive periodontal examination by
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Figure 1. Frequency of exacerbations of patients with COPD
and elevated serum IgG antibody titer against Porphyromonas
gingivalis. Annual frequency of exacerbation is lower in patients with
higher IgG titer than with normal IgG titer (1.2 vs. 0.8/year, p =0.045).
doi:10.1371/journal.pone.0040570.g001
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High-lgG titer group includes subjects whose titers against Porphyromonas gingivalis (PgFDC381 and/or PgSu63) are above mean+2SD of healthy subsets [20].

a dentist, we used IgG antibody titers against periodontal
pathogens as a surrogate marker. The validity of antibodies
related to periodontitis in the management of periodontitis has
been confirmed [15,20]. Serum pathogen-specific antibody levels
reflect amounts of periodontal bacteria, and they are useful to
assess the effects of periodontitis treatment [31,32].

Because periodontitis frequently occurs in patients with COPD
[13], we assumed that such patients could be chronically exposed
to periodontitis-related pathogens. Furthermore, P. gingiwalis is the
most frequently found pathogen in periodontitis [15]. Thus, serum
levels of P. gingivalis-related antibody might reflect the ability to
generate specific immune responses against infection with bacterial
pathogens. This could be supported by the finding that serum -
globulin levels were higher in High-IgG titer group than in
Normal-IgG titer group. As bacterial infection is a major cause of
COPD exacerbations [33], we speculated that an insufficient
humoral immune response against bacteria in patients whose
antibody titer against P. gingivalis was normal would be related to
an increase in exacerbation frequency.

Our subanalysis of 27 cytokines using the multiplex bead-based
immunoassay in 62 patients with COPD found higher serum levels
of IL-4 and IL-7 in Normal-IgG titer group than High-IgG titer
group (Table 81 and S2). Serum IL-4 level was measured by
multiple testing in this study. The differences in the cytokine
concentrations might be too small to attach a biological
significance. However, some studies suggested that slight differ-
ence in the IL-4 concentration exerted biological difference
[34,35]. We should be prudent to interpret these results.

The fact that higher serum levels of IL-4 and IL-7 in Normal-
IgG titer group than High-IgG titer group scems to be
contradictory to the fact that IL-4 functions as a B cell growth
factor [36] and IL-7 simulates the proliferation of lymphoid
progenitors [37]. However, we speculated that lower IgG could be
a result from insufficient IgG production in spite of the intense
producing stimuli such as IL-4 and IL-7 in some way that we could
not identify in this research, and impaired negative feedback
system on cytokine production might cause the higher level of IL-4
and IL-7. Another possible explanation is that Th2 cytokine
suppression might influence our results. Papi A et al reported that
airway eosinophil counts were increased during COPD exacerba-
tions associated with virus detection [38] and some studies showed
that virus infection lead to increase of IL-4 and made Thl/2
balance skew toward Th2 cytokines [39]. As a whole, it is possible
that higher IgG titer and lower IL-4 might lead to systemic
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Table 4. Frequency of exacerbations and elevated serum IgG antibody titer against Porphyromonas gingivalis.

Median (25

Rate of patients with frequent exacerbations, n (%)

Normal-lgG titer
(n=44)

1(0-2)

1 7"(38.6)

High-ligG titer
(n=49)

p value

0 (0-1) 0.045

7 (143) 0.009

Frequent exacerbations” are defined as =2 exacerbations per year.
doi:10.1371/journal.pone.0040570.t004

suppression of Th2 immune programming resulting in the fewer
exacerbation frequencies. However, the differences in these
cytokines in this study were not so prominent and it is difficult
to conclude definitely. Further studies are needed to clarify these
speculations.

We previously showed that abnormal swallowing reflexes are
associated with frequent exacerbations [7]. In the present study,
we examined swallowing reflexes in 56 patients and separately
evaluated the relationship between P. gingialis-related antibody
titers and exacerbation frequency in groups with normal and
impaired swallowing reflexes. Table S4 shows that being normal-
IgG titers for P. gingivalis-related antibody tended to increase
exacerbation frequency in both groups. Although drawing a
conclusive interpretation from the small sample cohort in the
present study is difficult, we believe that the absence of P. gingivalis-
related antibody contributes to exacerbation frequency regardless
of the status of the swallowing reflex.

To evaluate the relationship between P. gingivalis-related
antibody titers and airway inflammation, we induced sputum in
46 patients by having them inhale 3% hypertonic saline using an
ultrasonic nebuliser (MU-32, Azwell Inc., Osaka, Japan). Table S5
shows that the total cell counts, profiles of inflammatory cells and
inflammatory cytokines (IL-8 and TNF-a) in the supernatants did
not differ between Normal-IgG titer group and High-IgG titer
group. This finding supports the notion that antibody positivity

Table 5. Multivariable logistic regression analysis to identify
risk factors for frequent exacerbation.

Variables RR 95%Cl

p-value

Smoking index, per increase of 1 pack-year 098  0.96-1.00 0.10

CRP, per increase of 1 pg/ml 099  0.99-1.00 0.70

ICS, yes/no 201 057-7.55 0.28

LABA, yes/no 1.31

0.33-5.20 0.69

Exacerbations in previous year, yes/no 443  1.20-19.6

Frequent exacerbation is defined as =2 exacerbations per year.

RR, relative risk; Cl, confidence interval; CRP, C-reactive protein; ICS, inhaled
corticosteroid; LABA, long-acting B2 agonist.
doi:10.1371/journal.pone.0040570.t005
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High-lgG titer group includes subjects whose titers against Porphyromonas gingivalis (PgFDC381 and/or PgSu63) are above mean+2SD of healthy subsets [20].

reflects chronic low-level exposure to periodontitis-related patho-
gens rather than acute exaggerated airway inflammation induced
by periodontitis-related pathogens.

This study has some limitations. Firstly, we could not find the
significant correlation between periodontitis-related antibody titers
and exacerbation frequency. (p =0.1128, Figure S1). We specu-
lated that the antibody titers might be determined by both the
severity of the infection and the host reactivity, and COPD
exacerbations were affected by various factors such as host defense
mechanisms and the intensity of external insults, resulting in the
difficulty for detecting the association between antibody titer and
exacerbation frequency.

Secondly, since a dentist did not perform a comprehensive
periodontal examination, we could not precisely diagnose
periodontitis. However, the validity of the periodontitis-related
antibody in the management of periodontitis has been confirmed
[15,20]. We thus believe that patients with Pg FDC381 or Pg SU63
antibody had periodontitis, and that periodontitis itself might not
be associated with exacerbation occurrence.

Thirdly, since oral pathogens were not quantitatively cultured,
the extent of exposure to periodontal pathogens could not be
determined. For example, peptostreptococcus spp. and bacteroides spp.
colonized in the oral cavity and causes airway infection. In
addition to that, other bacteria that can colonize in the oral cavity
or nasopharynx except for periodontal pathogens such as
Haemophilus influenzae, Moraxella catarrhalis, Streptococcus pneumoniae,
Staphylococcus aureus, or Pseudomonas aeruginosa and Para Haemophilus
influenzae were reported to be cultured from sputum at stable state
COPD padents [40]. Also, Bafadhel et al. revealed that 55% of
exacerbations were associated with bacterial infections and sputum
cultures at exacerbations were associated with such bacteria
[41,42]. But their association was still limited and periodontal
pathogens were not investigated, so further investigations are
needed.

Fourthly, we measured P. gingivalis-related antibody only once
during an exacerbation-free state. Unlike paired examinations of
the antibody titers, we could not discriminate bacterial coloniza-
tion from new acquisition of pathogens. However, infection with
Pg FDC381 and Py SU63, both of which are common pathogens
in periodontitis [15], mainly results in chronic inflammation of the
periodontium. We thus speculated that levels of P. gingwalis-related
antibody reflect the immune response to chronic infection with this
pathogen.

Fifthly, we did not directly investigate the immunological status
of the hosts, such as the ability to produce antibody, because a
methodology has not yet been established.
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Conclusion

In conclusion, normal-IgG titer for P. gingivalis-related antibody
can be an independent predictor of exacerbation frequency.
Measuring P. gingivalis-related antibody titers might be useful to
identfy patients with susceptibility to frequent exacerbations so
that an aggressive strategy can be designed to prevent exacerba-
tion.

Supporting Information

Figure S1 Frequency of exacerbations of patients with
COPD and serum IgG antibody titer against Porphyr-
omonas gingivalis. Annual frequency of exacerbation is not
correlated with  Porphyromonas  gingivalis-related antibody titers
(p=0.1128).

(TTF)

Table S1 Patients’ baseline characteristics (n =62).

(DOC)

Table §2 Comparison of 27 cytokines between patients with
normal and higher IgG titer against Porphyromonas gingivalis:
subanalysis of 62 patients.

(DOC)
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We reported recently that bacterial substitution of mainly
coagulase-negative staphylococci (CoNS) for streptococct
occurred frequently on the oral buccal mucosa after hema-
topoietic cell transplantation (HCT), and other bacterial
species not usually found in the normal flora were also
identified [1]. We also reported that multidrug-resistant op-
portunistic bacteria appearing in the gingiva may be in-
volved in fatal sepsis [2]. These observations prompted an
interest in the antibiotic sensitivity of bacteria after HCT,
which may explain the bacterial substitution on oral mucosa
after HCT. Therefore, we performed a pilot study to deter-
mine the antibiotic sensitivity of bacteria on the oral mucosa
after HCT.

We examined the antibiotic sensitivity of bacteria detected
after HCT, focusing on the period from day 0 to 13, when the
severity of clinically evident mucosal damage generally peaks
and can cause bacteremia via the oral mucosa [3-5]. A total of
nine consecutive patients (M, 4; F, 5; 47.3+11.0 years) re-
ceiving HCT at Okayama University Hospital were enrolled in
this study. The diseases in these nine patients were as follows:
acute myelogenous leukemia (n=3), myelodysplastic
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syndrome (n=1), and malignant lymphoma (#=5). Autolo-
gous HCT, conventional allogeneic HCT, and reduced-
itensity HCT were administered to two (M, 2; F, 0; average,
61.0 years), five (M, 0; F, 5; 39.4+7.7 years), and two (M, 2;
F, 0; average, 53.5 years) patients, respectively. Informed
consent for examination of oral bacteria was obtained from
each subject, and the Ethical Committee of Okayama Univer-
sity Graduate School of Medicine, Dentistry, and Pharmaceu-
tical Sciences approved this study (no. 263). General infection
control and oral management were performed as described in
our previous report [1]. Briefly, fluoroquinolone for prophy-
laxis against bacterial infection was administered orally. Neu-
tropenic fever was managed according to the guidelines of
Hughes et al. [6]. A fourth-generation ccphalosporin (e.g.,
cefepime) or carbapenem (e.g., meropenem) was administered
intravenously as empirical antibiotic therapy.

Buccal mucosal swab samples were obtained from each
patient twice with a l-week interval from day 0 to +13.
Samples were obtained about 2 h after breakfast by swabbing
from the whole surface of the buccal mucosa. All samples
were plated onto agar plates under aerobic conditions, and two
to five major colonies that were visibly different from each
other were collected. A total of 67 colonies were collected
from nine HCT patients. Collected colonies were subjected to
microbial identification and antibiotic sensitivity test. Identi-
fication of colonies thus obtained was performed using rapid
ID 32 STREP API®, rapid ID 32 E API®, or ID 32 GN API®
identification kits (Japan bioMérieux, Tokyo, Japan) accord-
ing to the manufacturer’s instructions. Due to the laboratory’s
capacity, almost all bacterial identification was limited to the
genus level. Antibiotic sensitivity test was performed by the
broth microdilution method, and the minimum inhibitory
concentration was determined. Definitions of susceptibility,
intermediate resistance, and resistance were made according
to the National Committee for Clinical Laboratory Standards
susceptibility testing guidelines for bacterial species.
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Abbreviations for antibiotics are as follows: PCG, benzylpe-
nicillin; ABPC, amoxicillin; MPIPC, mecillinam; CVA/
AMPC, clavulanate/amoxicillin; CCL, cefaclor; CDTR, cef-
ditoren; CFPM, cefepime; CEZ, Cefazolin; CTM, cefotiam;
CTX, cefotaxime; CZOP, ceftizoxime; CPR, cefpirome;
FMOX, flomoxef, IPM/CS, imipenem/cilastatin, MEPM,
meropenem; GM, gentamicin; CAM, clarithromycin; CLDM,
clindamyein; MINO, minocycline; CP, chloramphenicol; and
LVFX, levofloxacin.

A total of 38 Streptococcus spp. colonies were identified
and subjected to sensitivity test for the following antibiotics:
PCG, ABPC, CCL, CDTR, CFPM, CTM, CTX, CZOP,
CPR, IPM/CS, MEPM, CAM, CLDM, MINO, CP, and
LVFX. Of detected streptococcal colonies, 7.9-42.1 % were
resistant or showed intermediate resistance to penicillins
(PCG, ABPC) and cephems (CCL, CDTR, CFPM, CTM,
CTX, CZOP, and CPR). Furthermore, 28.9-55.2 % of these
colonies were also resistant or showed intermediate resis-
tance to macrolides (CAM, CLDM). A total of nine CoNS
spp. colonies were identified and subjected to sensitivity test
for the following antibiotics: PCG, MPIPC, ABPC, CCL,
CFPM, CEZ, CTM, CZOP, FMOX, IPM/CS, CVA/AMPC,
and FOM. All of the CoNS detected after HCT showed
resistance or intermediate resistance to CFPM (100 %),
which was our first-choice antibiotic in empirical antibiotic
therapy. CoNS also showed high degrees of resistance to
penicillins (55.6-100 %), e.g., PCG, MPIPC, and ABPC. A
total of two colonies of Staphylococcus aureus were identi-
fied and subjected to sensitivity testing; both colonies were
methicillin-resistant S. aureus (MRSA). Sensitivity was lim-
ited to ABK, VCM, and TEIC only. One colony of Pseudo-
monas spp. was subjected to sensitivity test for the
following antibiotics: ABPC, PIPC, CCL, CFPM, CEZ,
CTM, CZOP, CAZ, CMZ, LMOX, IPM/CS, MEPM, AZT,
GM, and AMK. This colony was resistant or showed inter-
mediate resistance to ABPC, CCL, CFPM, CEZ, CTM,
CMZ, LMOX, and AZT. This Pseudomonas spp. colony
was sensitive to PIPC, CZOP, CAZ, IPM/CS, MEPM, GM,
and AMK. Other bacteria identified were as follows: Neis-
seria spp. (n=9), Corynebacterium spp. (n=5), Enterococ-
cus spp. (n=3), and Haemophilus parainfluenzae (n=2). All
colonies were sensitive to most of the antibiotics tested.

The results of the present study indicated that there were
‘many antibiotic-resistant bacteria in the oral cavity after HCT,
especially during the period in which the severity of oral
mucositis reached its peak. Oral mucositis could be a potential
route of antibiotic-resistant infections. In our previous study,
bacterial substitution mainly of CoNS for streptococci occurred
frequently on the oral buccal mucosa after HCT [1]. High levels
of antibiotic resistance in CoNS may explain bacterial substi-
tution of CoNS for streptococci. On the other hand, streptococ-
ci with antibiotic resistance and/or intermediate resistance have

@ Springer

also been detected at relatively high frequencies. Note that two
colonies of MRSA and one colony of Pseudomonas spp.
resistant to many types of antibiotic were detected. These
observations are a reminder of the risk of appearance of MRSA
and/or multidrug-tesistant Pseudomonas aeruginosa (MDRP),
and the oral cavity may be a site of MRSA and/or MDRP
growth. Further studies regarding the association with bacter-
emia/sepsis by DNA fingerprinting will yield additional insight
into the clinical relevance of the present findings. Examination
of specific patient-related- or therapy-related risk factors for
developing resistance may contribute to determination of per-
sonalized importance of oral care before and after HCT.

In conclusion, many antibiotic-resistant bacteria were
detected in the oral cavity after HCT, especially during the
period in which the severity of oral mucositis reaches its
peak.
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