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Effects of Japanese herbal medicine, Juzen-taiho-to, in otitis-prone
children - a preliminary study
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Abstract

Conclusion: Juzen-taiho-to (JTT, TJ-48), a Japanese herbal medicine that improves immune function, was found to be
effective in otitis-prone in children. Objective: To evaluate the cfficacy of JTT against intractable and recurrent infections in
immature immune systems, we administered JTT to otitis-prone infants and investigated clinical changes before and during
JTT administration. Subjects and methods: Twenty-four otitis-prone infants were administered JTT at 0.10-0.14 g/kg/day
wwice a day for 3 months. We compared clinical course, such as frequency of acute otitis media (AOM), duration of fever and
antibiotics administration, and hospital visits for the periods before and during JTT administration. Results: Medication
compliance rate was 87.5%, and administration of JTT led to remission in 95.2% patients. No apparent side effects were
observed. The frequency of AOM decreased significantly (Wilcoxon signed rank test, p =0.000) with JTT. The duration of
fever (p=0.000) and administration of antibiotics (p =0.001), as well as the number of hospital visits (»p =0.001) and
emergent hospital visits (p =0.000) showed significant dccreases after JTT administration. After the end of the JTT period,
14 of 21 (66.7%) paticnts started to take it again, as they experienced purulent otitis media and/or other infections after
discontinuation. The frequency of AOM increased significantly after stopping JTT (p =0.004) and decreased again with
JTT resumption (p =0.005).

Keywords: JTT, T7-48, i function, drug-resi: bacteria, acute otitis media, immune immarurity

Introduction Acute otitis media (AOM) is one of the most
common diseases in early infancy and childhood.
However, some children experience more frequent
and recurrent bouts of AOM. The increase in the
number of otitis-prone infants and the rapid emer-
gence of drug-resistant bacteria associated with AOM
are now generating increasing concern [10-12].
Although antibacterial medication is generally effec-
tive against bacterial infection, overuse of antibiotics
has led to the increased emergence of drug-resistant
bacteria. In addition, otitis-prone patients are some-

‘The unique role played by traditional Japanese herbal
medicines (Kampo) is gradually attracting worldwide
attention. Juzen-taiho-to (JTT, JT-48) is a nourishing
agent that is used to improve disturbances and
imbalances in homeostasis, and it is known to increase
immune function by enhancing phagocytosis [1],
cytokine production [2], antibody production [3],
and the mitogenic activity of spleen cells [4]. Recent
investigations have also reported that JTT has anti-
tumor effects, such as suppression of tumor metas-

tasis [5] and prolongation of survival [6], and that it times unable to recover from intractable inflammation
protects against the adverse effects of chemotherapy of the middle ear, which can progress to more serious
[7] and radiotherapy [8] by influencing the immune conditions, such as mastoiditis, meningitis, cerebritis,
response. JTT has also been reported to have otitis interna, and sigmoid sinus thrombosis.

protective effects against Candida albicans infection Onset and progression of infection are determined
[91. by the relative balance between the reproductive

Correspondence: Dr Yumiko Maruyama, Department of Otorhinolaryngology, Kurobe City Hospital, 1108-1 Mikkaichi, Kurobe, Toyama 938-8502, Japan.
Tel: +81 765 54 2211. Fax: +81 765 54 2962. E-mail: maruyama@med.kurobe.toyama.jp

(Received 8 January 2008; accepied 19 February 2008)

ISSN 0001-6489 print/ISSN 1651-2251 online € 2009 Informa UK Ltd. (Informa Healthcare, Taylor & Francis As)
DOI: 10.1080/00016480801998838



power of microbes and host defense, and immune
immaturity is one of the reasons why the majority of
otitis-prone patients are under 3 years of age. It has
also been reported that response and development of
immune function are poor in otitis-prone children
[13-15]. In this study, we investigated the effects of
JTT in otitis-prone children.

Subjects and methods

We examined 24 otitis-prone infants who experi-
enced repeated purulent otitis media, despite con-
ventional management. Otitis-prone children were
defined as children who had more than three
episodes in 6 months, more than four episodes in 1
year, or more than four episodes by the age of 2 years
[14]. After obtaining informed consent, JTTat 0.10-
0.14 g/kg per day was administered twice a day
before milk or food for 3 months. No restrictions
were imposed on conventional treatments for otitis
media or any other disease while JTT was adminis-
tered. We investigated the frequency of AOM,
duration of fever and antibiotics administration,
and number of hospital visits and emergent hospital
visits in the periods before and during JTT admin-
istration. AOM was diagnosed by otolaryngologists
based on examination of general and tympanic
findings. Unilateral AOM was counted as a single
occurrence, while bilateral AOM simultaneously
diagnosed in both ears was counted as two occur-
rences. Recurrent ear discharge and exacerbation
during treatment were regarded as different episodes
of AOM. Fever was defined as a body temperature of
more than 37.0°C in patients whose normal tem-
perature was under 37.0°C, or as a rise of more than
1°C in patients whose normal temperature was more
than 37.0°C. Hospital visits included otolaryngol-
ogy, pediatrics, and emergency room visits for any
reason related to patient conditions. Total hospital
visits were counted as ‘hospital visits,” and unsched-
uled hospital visits due to unexpected circumstances,
such as sudden fever, infectious symptoms or other
diseases, were counted as ‘emergent hospital visits.”
The number of days before and during administra-
tion of JTT was also counted for each patient, and
each parameter was calculated as an average number
per 30 days (number per month). The procedures
followed were in accordance with the ethical stan-
dards of the responsible committee on human
experimentation and complied with the Helsinki
Declaration of 1975, as revised in 1983.

Statistical parameters were ascertained using
SPSS software (13.0] for Windows; SPSS Inc., IL,
Chicago, USA). The statistical significance of
differences between the groups was determined by

Fuzen-taiho-to in onitis-prone children 15

Wilcoxon signed rank test. p <0.05 was considered
significant.

Results

JTT was given to 24 otitis-prone infants (15 males, 9
females; median age at the start of JTT administra-
tion, 14 months; range 6-33 months). Observational
time before starting JTT administration was 20-214
days (mean+SD =86.0+46.7 days). While three
infants were unable to continue taking JTT, 21
infants had no difficulties. The medication compli-
ance rate was 87.5% and no apparent side effects
were observed during JTT treatment.

The frequency of AOM decreased significantly
(Wilcoxon signed rank test, p =0.000) with oral
administration of JTT (Figure 1). Mean and
standard deviation of the frequency of AOM before
the JTT administration period was 3.41+2.00
(times/month), which decreased to 0.53+0.75
(times/month) during the JTT administration per-
iod. In the most effective case, a 13-month-old
female, the frequency of AOM decreased from 8.28
times/month to 0 times/month. Duration of fever
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Figure 1. Frequency of AOM before and during JTT administra-
tion. Number of occurrences of AOM were counted before and
during JTT administration in 21 patients. The average frequency
of AOM per month (30 days) was calculated and compared before
and during JTT ini: ion. The of AOM d d
significantly with JTT (Wilcoxon signed rank test, p=0.000)
(mean 1 SD; before, 3.41 +2.00; during, 0.53+0.75).
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(p=0.000) (Figure 2) and antibiotics administra-
tion (p=0.001) (Figure 3), as well as the number
of hospital visits (p=0.001) (Figure 4) and emer-
gent hospital visits (p =0.000) (Figure 5) decreased
significantly during the JTT administration period.

Two of three patients who could not continue
taking JTT required the surgical insertion of a
ventilation tube due to recurrent otitis media. In
addition, 1 of the 21 cases (1 of 42 ears) taking JTT
also needed this surgery, as recurrence of otitis
media continued, albeit at a lower frequency than
before JTT administration. The other 20 patients
(95.2%) showed remission and had no need of the
surgical insertion of a ventilation tube.

After the end of the JTT administration period, 14
of 21 (66.7%) patients started to take JTT again, as
they experienced purulent otitis media and/or other
infections after discontinuation of JTT, and their
parents decided to resume JTT. Intermission times
before resumption of JTT in these 14 patients
ranged from 4 to 166 days (mean+SD =41.2+
51.3 days). Administration periods of JTT after
resumption were decided as part of the patients’
clinical course. Twelve of 14 children have already
finished JTT due to spontaneous recovery from
recurrent AOM. We compared the frequency of
AOM among the following periods: first administra-
tion, during intermission, and after resumption.

(Days/month)
151

Before During

Figure 2. Duration of fever before and during JTT administration.
Average duration of fever per month during JTT administration
showed a significant decrease vs before JTT administration (p =
0.000) (mean +SD; before, 4.74 +3.25; during, 1.15+1.04).
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Figure 3. Administration of antibiotics before and during JTT
administration. Average number of days of antibiotic administra-
tion per month ignil ly after ini i

(=0.001) (mean +SDj; before, 9.62 +5.02; during, 4.36 +2.77).

With regard to patients taking JTT for more than
3 months after resumption, we investigated the
frequency of AOM during the 3 months after restart

(Times/month)
24

Before During

Figure 4. Total hospital visits before and during JTT administra-
tion. Total scheduled and unscheduled hospital visits to otolar-

1 di and departments for any reasons
related to patient condition were counted and calculated as per
month (30 days). Significant decreases in number of hospital visits
were seen with oral administration of JTT (»=0.001) (mean+
SD; before, 7.28 +4.57; during, 3.59 +2.05).
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Figure 5. Emergent hospital visits before and during JTT admin-
istration. Unscheduled hospital visits due to unexpected circum-
stances, such as sudden fever, infectious symptoms, and other
diseases, were defined as emergent hospital visits. Emergent
hospital visits per month decreased significantly with JTT admin-
istration (p =0.000) (mean+SD; before, 4.69+2.39; during,
1.49+1.13).

of JTT. The frequency of AOM was significantly
higher after stopping JTT (p =0.004) and decreased
again with JTT resumption (p =0.005) (Figure 6).

Discussion

JTT is a traditional Japanese herbal medicine, or
Kampo, and has a long history of use among
Japanese people for the treatment of disturbances
in homeostasis and immune disorders. The Japanese
Ministry of Health and Welfare has approved 148
Kampo prescription drugs, including JTT, for re-
imbursement under the National Health Insurance
system. JTT has been widely administered to Japa-
nese with very few side effects. Recently, basic and
clinical research has demonstrated the effectiveness
of Kampo medicines, thereby justifying their wider
use [1-9].

Ohya et al. reported the effectiveness of JTT in
infants with fistula-in-ano [16]. Fistula-in-ano has a
range of clinical features; it is often intractable, has a
high relapse rate, and it usually disappears sponta-
neously before about 15 months of age as immune
function matures. They reported that administration
of JTT accelerates the recovery of fistula-in-ano
patients, and reduces the size of peri-anal abscesses,
leading to remission in 90.9% patients.
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Figure 6. Frequency of AOM in 14 cases resuming JTT;
comparison between first init i during issi
and resumption. After the 3 month JTT period, 14 of 21
(66.7%) patients resumed JTT administration, as they experi-
enced purulent otitis media and/or other infections after disconti-
nuation. Comparison of the frequency of AOM showed significant
increases after stopping JTT (p =0.004), followed by decreases
after JTT resumption (p =0.005) (mean+SD; first administra-
tion, 0.35+0.48; during intermission, 2.90+3.35; resumption,
0.3140.54).

Otitis media is also a unique disease of infancy. It
is thought that the immaturity of immune function,
such as lower serum IgG2 levels [13,14] and low
concentration of serum anti-P6 IgG [15], is the main
reason that a majority of otitis-prone patients are
under 3 years of age, and it is also reported that
response and development of immune function are
poor in otitis-prone children [14,15]. Despite the
standard treatment for AOM including oral admin-
istration of antibiotics and tympanostomy, some
patients are unable to recover from intractable
infection, and require hospitalization for intravenous
administration of antibiotics or immunoglobulin
[17]). Intractable inflammation of the middle ear
also occasionally leads to serious conditions, such as
mastoiditis, meningitis, cerebritis, subperiosteal ab-
scess of mastoid process, and sigmoid sinus throm-
bophlebitis. Moreover, although otitis-prone infants
might initially recover from otitis media, they are
susceptible to relapse as upper airway infections and/
or purulent otitis media. Surgical insertion of a
tympanostomy tube is one of the subsequent treat-
ment options [18], but this procedure is associated
with problems, such as the subsequent necessity of
tube removal and the possibility of persistent tym-
panic perforation.
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In the present study, we administered JTT to
otitis-prone infants in an effort to improve their
immune function. The effects of JTT on otitis-prone
individuals had not been investigated before. We
showed that the frequency of AOM decreased
significantly after JTT administration, as compared
with before. Significant decreases in the duration of
fever and antibiotics administration, and in number
of hospital visits and emergent hospital visits were
seen with oral administration of JTT. These results
suggest that JTT administration to otitis-prone
infants also has benefits with regard to medical
economics.

Twenty-one of 24 children (87.5%) had no
difficulties in taking JTT. No apparent side effects
were recognized. Two of three patients who could
not take JTT required surgical ventilation tube
insertion for recurrent otitis media. Only 1 of the
21 cases (one of 42 ears) taking JTT needed
the surgery after recurrence of otitis media, while
the other 20 patients (95.2%) showed remission.

Resumption of JTT administration was considered
for children who exhibited frequent relapse of otitis
media and/or other infections after the first admin-
istration period ended. In fact, 14 of 21 (66.7%)
patients started to take JTT again. It was also shown
that the frequency of AOM increased significantly
during the intermission period and again decreased
after resumption of JTT.

JTT is thought to be an effective treatment for
otitis-prone cases, and avoidance of the overuse of
antibiotics will help prevent the emergence of drug-
resistant bacteria. With regard to the onset and
progression of infection, increased host immune
function may be a viable alternative approach for
treatment.

This investigation was an open trial and we
observed significant therapeutic effects for JTT.
However, a randomized, controlled trial is required
to further clarify the efficacy of JTT in otitis-prone
children.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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Objective: Resistant strains of non-typeable Haemophilus influenzae (NTHi) are one of the principal causes
of recurrent acute otitis media (otitis prone), rhinosinusitis, and pneumonia in young children. -
Lact p ing ampi istant (BLNAR) strains are particularly common in Japan, and B-

lact -producing amoxicillin-c resistant (BLPACR) strains are now emerging. We

Keywords:

Non-typeable Haemophilus influenzae (NTIs)
B-Lactamase-producing amoxicillin-
clavulanate-resistant (BLPACR)
B-Lactamase-nonproducing ampicillin-
resistant (BLNAR)

Pulsed-field gel electrophoresis (PFGE)
Day care

the nasopharyngeal carriage status of these resistant strains among children attending a
same day care center during a 10-year period.

Methods: From 1999 to 2008, we obtained nasopharyngeal swab specimens from young children
attending a same day care center and examined the incidence of resistant strains of NTHi. Antimicrobial
resistance of NTHi was identified based on PCR analysis of mutation of the penicillin binding protein
(PBP) genes. Pulsed-field gel electrophoresis (PFGE) was performed to examine the clonal relationship of
each resistant strain.

Results: The prevalence of resistant strains of NTHi among the children attending this day care has
significantly increased during the past 10 years and most of this day care children recently have resistant
strains with PBP gene mutations in their nasopharynx. Genetically BLPACR (gBLPACR) strains have
rapidly increased since 2007 and PFGE analysis demonstrated that all gBLPACR were clonally identical.
This is the first report of apparent clonal dissemination of gBLPACR strains of NTHi occurting in a certain
environment such as day care.

Conclusions: The rapidly increasing prevalence of resistant strains, in particular gBLPACR, in this day care
center may predict a high incidence of these resistant bacteria from clinical isolates in the near future
and potential serious medical problems worldwide.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Non-typeable Haemophilus influenzae (NTHi) and Streptococcus
pneumoniae (S. pneumoniae) are the principal causes of acute otitis

Abbreviations: AOM, acute otitis media; NTHi, non-typeable Haemophilus influen-

zae; gBLPACR, genetically B-lactamase-

media (AOM), pneumonia and meningitis in young children.
Recently, rapid increases in B-lactamase-nonproducing ampicil-
lin-resistant (BLNAR) strains of NTHi and a penicillin-resistant (Pc")
strain of S. pneumoniae from respiratory tract specimens have been
reported in Japan [1,2]. BLNAR strains of NTHi and Pc"S. pneumoniae
are the principal causes of recurrent AOM (otitis prone) among

ok g young children, especially children attending day care.

Over the past three decades, a rapid increase in Pc" S.

tant; gBLNAR, genetically B-lact

ing ampicillin-resistant; gBLPAR,

B-lact: ing ampicilli ; gBLNAS, i B- iae has been reported in most areas of the world [3-5].
ampicillin- ; Pc, penicillin  resi S. The high prevalence of Pc* S. pneumoniae has resulted in the limited
(SP), PCR, p chain reaction; use of penicillin for the empirical treatment of infectious diseases

PBP, penicillin binding protein; RTls, respiratory tract infections; PFGE, pulsed-field

gel electrophoresis.

[6]. These penicillin-resistant bacteria are becoming less suscepti-
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ble to other commonly prescribed oral antimicrobial drugs,
including the extended spectrum cephalosporins [7,8]. A similar
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situation is now emerging among NTHi isolates from patients with
respiratory tract infections (RTIs) [9]. In Japan, the BLNAR strains
were not identified before 1984 then increased 23.1-37.8% from
1996 to 1999. BLNAR strains are particularly common in Japan and
France. BLNAR strains evolved significantly during the past decade
in some countries while oral cephalosporin antimicrobial agents
were being commonly used for the treatment of RTIs, including
AOM and sinusitis. The increase in the percentage of BLNAR strains
has led to serious problems in the treatment of infectious disease in
Japan. Furthermore, another group of resistant strains with
combined mechanisms of altered penicillin binding proteins
(PBPs) and TEM f3-lactamase classified as B-lactamase-producing
amoxicillin-clavulanate-resistant (BLPACR) strains are now
emerging [10,11]. BLPACR strains have another resistant mecha-
nism of B-lactamase producing in addition to the BLNAR resistance
with PBP gene mutations. BLPACR are highly resistant to
amoxicillin/clavulanate and other commonly prescribed oral
antimicrobial drugs compared to BLNAR. The high prevalence of
BLPACR represents potentially more serious clinical problems than
BLNAR.

Children attending day care centers have more frequent
episodes of otitis prone than those cared for at home [12-14].
Several lines of studies have shown that the incidence of
nasopharyngeal carriage of resistant strains of S. pneumoniae
and NTHi is high in children attending day care centers, and
attendance at a day care center is a risk factor for otitis prone
[15,16]. Previously, we described a strong relationship between
exposure to other children in day care and nasopharyngeal carriage
of Pc" S. pneumoniae among young children in Japan [1]. In addition
to S. pneumoniae, the prevalence of nasopharyngeal carriage of
other respiratory pathogens, such as NTHi and Moraxella catar-
rhalis, in children attending day care is also very high in Japan [1].
In contrast, the carriage rates of these pathogens from children
who were healthy and cared for at home were much lower than
those from day care children [1].

Recently, Ubukata et al. defined antimicrobial resistances of
NTHi genetically based on the mutation status of the PBP genes
[10]. BLPACR strains of NTHi were recently isolated and, at least for
now, generally continue to be isolated at very low frequencies
(0.04-2.5%) worldwide.

The resistance patterns of these RTIs pathogens differ and may
change dramatically over time. In the present study, to reveal the
bacteriological change in the nasopharyngeal flora of healthy
children, the carriage status of antibiotic resistant strains of NTHi
were examined at the same day care center over a 10-year period.

2. Materials and methods

From 1999 to 2008, we obtained nasopharyngeal swab speci-
mens once a year from children between 5 months and 3 years of
age attending the same day care center during January to March in
Kanazawa City, Japan. Each child was sampled only one time in
each year. None of the participants in these studies showed any
symptoms of RTIs or AOM on the day of the survey. Written
informed consent was obtained from the parents of each child. If a
parent refused to consent, the child was excluded from the study.

The parents completed a self-reporting questionnaire at the
time of consent. The questionnaire included questions about
previous hospitalization and the number of episodes of AOM,
rhinosinusitis and pneumonia. The number of participants was 34
in 1999, 42 in 2000, 36 in 2005, 35 in 2007 and 31 in 2008.
Nasopharyngeal swab specimens for culture were obtained by
trained investigators using aluminum shaft ear, nose and throat
swabs inserted as far into the nose as possible, parallel to the roof
of the mouth. Antimicrobial resistances of NTHi were identified
based on polymerase chain reaction (PCR) analysis of mutation of

the PBP genes as described by Ubukata et al. [10]. Four sets of
primers were obtained from Wakunaga Pharmaceutical Co.
(Hiroshima, Japan): P6 primers to amplify the P6 gene which
encodes the P6 membrane -protein specific for NTHi; TEM-1
primers to amplify a part of the blagy-, gene; PBP3-S primers to
identify an Asn526 — Lys amino acid substitution in the ftsI gene;
and PBP3-BLN primers to identify an Asn526 — Lys and
Ser385 — Thr amino acid substitution in the ftsI gene. On the
basis of the PCR-based genotyping, the NTHi strains were classified
into four genotypes: genetically 3-lactamase-nonproducing am-
picillin-susceptible strains (gBLNAS), without amino acid sub-
stitutions in the ftsI gene and -lactamase gene; genetically BLNAR
strains (gBLNAR), with an amino acid substitution in the ftsI gene
but without the (-lactamase gene; genetically [B-lactamase-
producing ampicillin-resistant strains (gBLPAR), with the (-
lactamase gene but without an amino acid substitution in the
ftsI gene; and genetically BLPACR strains (gBLPACR), with (-
lactamase gene and an amino acid substitution in the ftsI gene. In
this study, we have designated PCR-based genotypes as gBLNAS,
gBLNAR, gBLPAR and gBLPACR to distinguish them from the
phenotypes, which are written without the introductory “g.”
Pulsed-field gel electrophoresis (PFGE) was performed with all
NTHi isolates obtained in 2008 to examine the clonal relationship
of each resistant strain. Association between variables was assayed
using the chi-squared test and Fisher Exact Test, using the StatView
computer software (Abacus Concepts, Inc., Baltimore, MD, USA).

3. Results

A total of 178 nasopharyngeal swab specimens from young
children in the day care center were examined in this study. The
mean age of the children was 20.4 months (1999), 25.1 months
(2000), 22.9 months (2005), 24.1 months (2007), and 25.1 months
(2008). Most of the children entered this day care in April and we
obtained nasopharyngeal swab specimens during January to
March. These children have been in this day care at least 9 months.

Multiple pathogenic bacteria were cultured from the naso-
pharynx. The chief bacteria found in children attending day care
were S. pneumoniae (148 strains, 83.1%), NTHi (155 strains, 87.1%)
and MC (138 strains, 77.5%). Nasopharyngeal carriage of these
specific respiratory pathogens in each year is listed in Table 1. In
1999, 26 strains (76.5%) of NTHi were isolated from the
nasopharynx of 34 children attending the day care center. The
carrier rates of NTHi were 39/42 (92.9%) isolates in 2000, 34/35
(97.1%) isolates in 2007 and 29/31 (93.5%) in 2008. Recently,
almost all young children attending this day care center were
carriers of NTHi. The difference of carriage rates of NTHi was not
statistically different in each year.

The percentages of the resistant isolates for NTHi in each year
are listed in Table 2. In 1999, gBLNAR were identified in 6/26
(23.1%) NTHi isolates. The other 20/26 (76.9%) strains of NTHi were
gBLNAS. None of the children showed AOM or RTIs symptoms on
the day of the medical examination. In 2000, antibiotic resistance
in NTHi isolates was 11/39 (28.3%) and resistant rate is almost
same as 1999. In 2005, the carrier rate of gBLNAR had significantly
increased to 21/27 (77.8%) NTHi isolates in the same day care
center (p < 0.05). In 2007, gBLNAR were identified in 6/34 (17.6%)
of isolates. gBLPACR isolates of NTHi were initially identified in 10/
34 (29.4%) isolates in 2007. The total carrier rate of antibiotic
resistance in NTHi was 16/34 (47.1%) isolates. In 2008, the carrier
rate of resistant strains (gBLNAR + gBLPACR) was 28/31 (90.3%)
children and the carrier rate of antibiotic resistance in NTHi was
28/29 (96.6%). The incidence of gBLPACR significantly increased to
24/29 (82.8%) isolates (p < 0.01) compared with that before 2005.
In summary, the prevalence of gBLNAR among the children
attending day care significantly increased from 1999-2000 to
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Table 1
Nasopharyngeal carriage of specific respiratory pathogens in children attending a day care. Almost all young children attending this day care center were carriers of SP and/or
NTHi.

Year No. of children No. (%) of SP No. (%) of NTHi No. (%) of MC No. (%) of non-SP, NTHi

1999 34 33(97.1) 26 (76.5) 17 (50.0) 0(0)

2000 42 28 (66.7) 39 (92.9) 37(88.1) 1(24)

2005 36 32 (88.9) 27 (75.0) 36 (100) 3(83)

2007 35 32(91.4) 34(97.1) 30(85.7) 0(0)

2008 31 23(742) 29(93.5) 18 (58.1) 1(32)

Total 178 148 (83.1) 155 (87.1) 138 (77.5) 5(2.8)

: NTHi: rypeabl SP: Streptococcus pneumoniae; MC: Moraxella catarrhalis.

2005. Furthermore, gBLPACR strains of NTHi have been rapidly
increasing since 2007. As a result, the total carrier rate of all
resistant strains of NTHi (gBLNAR and gBLPACR) in the children
attending this day care center significantly increased during the
past decade. Most of the children in this day care recently have
resistant strains of NTHi, which had acquired PBP gene mutations,
in their nasopharynx.

3.1. PCR-based genotypes and MICs distributions

The MICs of gBLPACR, gBLNAR and gBLNAS for eight antimicro-
bial agents against are listed in Table 3. The MIC50s and MIC90s of
amoxicillin/clavulanate and other 3-lactams for resistant strains of
NTHi were higher than those for gBLNAS isolates (Table 3).

3.2. Genetic distribution of NTHi strains by PFGE

PFGE analysis classified the NTHi strains into five PFGE types.
Although the PFGE patterns of gBLNAR and gBLNAS (total five
strains) were classified into four different patterns, all of the
gBLPACR (23 strains) were clonally identical and were different
from the other strains of NTHi (Fig. 1). Our PFGE results
demonstrate the first evidence that the apparent clonal dissemi-
nation of gBLPACR of NTHi occurred in a certain environment such
as day care.

4. Discussion

In this study, we focused on resistant strains of NTHi isolated
from the nasopharynx of young children attending day care and
investigated clonal dissemination of gBLPACR. NTHi and S.
pneumoniae are recognized as part of the normal nasopharyngeal
flora in healthy children but remain a major cause of bacterial
infections of the respiratory tract, such as pneumonia, rhinosinu-
sitis, and AOM [1,17]. Hotomi et al. demonstrated that the MIC50s
of amoxicillin/clavulanate and cephalosporin for gBLNAR isolates
were 4-64 times higher than those for gBLNAS isolates [18]. PBP
gene mutations of NTHi, identified by PCR, were related to
antibiotic resistance. Intractable infections due to resistant strains
of these pathogens have become a significant clinical problem

Table 2

worldwide. Single or occasional episodes of AOM are relatively
easy to treat, but recurrent episodes of AOM (otitis prone) would
represent an onerous burden for both child and caregiver. The high
prevalence of BLNAR and Pc" S. pneumoniae in Japan is a serious
problem and is thought to be the principal cause of otitis prone
seen among young children. BLNAR isolates of NTHi were first
reported in 1980 [19] and generally continue to be isolated at low
frequencies in western Europe and the USA [20-23]. However,
recent surveillance studies have reported higher proportions of
BLNAR isolates [10,11,17,24,25]. There have been reports from
many countries such as Spain, France, Poland, India, Korea and
Japan, in which 9.3%, 18.6%, 12.8%, 14.4%, 29.3% and 13.9-65.1%,
respectively, of NTHi isolates were BLNAR strains [2,11,24-29]. In
Japan, this strain appeared in 1997 and increased rapidly among
isolates from patients with RTIs, AOM and rhinosinusitis. The
mechanism of resistance in the BLNAR strains involves decreased
affinities of PBPs for 3-lactam antibiotics [29]. In the present study,
we have reported a high prevalence of resistant strains of NTHi
among young children attending a single day care in Japan. The
carrier rates of gBLNAR in the NTHi isolates increased from 23.1-
28.2% in 1999-2000 to 77.8% in 2005. The carrier rate of resistant
strains (gBLNAR and gBLPACR) in the NTHi isolates was quite high
(96.6%) in 2008. Furthermore, NTHi were isolated from about 95%
of children attending this day care center recently and these carrier
rates were much higher than those from clinical specimens [25,28-
31]. Thus the carrier rate of resistant strains (gBLNAR and
gBLPACR) of NTHi in children attending this day care center has
been rapidly increasing during the past decade. Because day care
attendance is a risk factor for upper RTIs and otitis prone, both the
high prevalence of resistant strains in the isolates and the very high
isolate rates of NTHi from healthy young children potentially pose
significant clinical problems.

The prevalence of resistance strains of NTHi varies in different
countries but gBLPACR strains of NTHi are isolated at very low
frequencies around the world [11,31], except in Korea where its
frequency is relatively high (8.3%) [27]. In Japan, B-lactamase-
producing strains were identified in 2.5% of isolates and B-
lactamase-producing strains with mutations in ftsl (gBLPACR)
were identified in 0.3% of isolates [25]. The most important finding
in the present study was that gBLPACR of NTHi were initially

Nasopharyngeal carriage of NTHi in children attending a day care. Changes in resistance among NTHi strains, by year, as identified by PCR. The carrier rates of gBLPACR were

dramatically increased after 2007.

No. (%) of NTHi isolates 1999 2000 2005 2007 2008
gBLPACR 0 0 0 10 (29.4) 24(828)
gBLNAR 6(23.1) 11(282) 21(778) 6(17.6) 3(103)
gBLNAS 20(76.9) 28 (71.8) 6(22.2) 18 (52.9) 2(69)
Total NTHi 26 (100) 39 (100) 27 (100) 34 (100) 29 (100)
NTHi: ypeabl ilus i gBLPACR: B-lact amoxicillin- istant; gBLNAR: B-
ing ampicilli tant; gBLNAS: ically B-lac ing ampicillin-susceptible.
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Fig. 1. PFGE analysis of NTHi isolates in 2008. All of the gBLPACR were clonally identical and were different from the other strains of NTHi.

identified in 29.4% of subjects in 2007 and then this rate markedly
increased to 82.8% in 2008. The present study is the first report to
show that gBLPACR strains of NTHi are capable of spreading in a
certain environment such as a day care center. Because gBLPACR of
NTHi are resistant to amoxicillin/clavulanate and other commonly
prescribed oral antimicrobial drugs, the high prevalence of
gBLPACR will cause significant problems in the clinical setting of
treating community-acquired infections, including pneumonia,
AOM, and rhinosinusitis.

Another important finding of the present study is that all
gBLPACR isolates were clonally identical by PFGE analysis and
were different from the other strains of NTHi. Our PFGE analysis
revealed clonal spread of only one gBLPACR isolate with altered
PBPs in this day care center. This represents the first evidence of
the apparent clonal epidemic of gBLPACR of NTHi occurred. The
contributions of clonality to the isolation of gBLPACR were not
determined in previous studies. The present study demonstrated
that gBLPACR of NTHi are capable of broad dissemination
worldwide, similar to the gBLNAR. The clinical significance of
gBLPACR of NTHi is as yet unknown. However, the MICs of
amoxicillin-clavulanate for all gBLPACR in the present study were
high (8 pg/ml). Furthermore, gBLPACR isolates are generally highly
ampicillin-resistant and show elevated levels of resistance to
expanded and broad-spectrum cefalosporins compared to non-
gBLPACR. The high prevalence of gBLPACR from the clinical isolates
may cause more serious problems than gBLNAR for the treatment
of patients with otitis prone, intractable RTIs and rhinosinusitis.
The rapidly increasing prevalence of resistant strains of NTHi in
this day care center may predict a high incidence of these resistant
bacteria being isolated from clinical samples in the near future and
possible serious medical problems worldwide.

5. Conclusions

Most of the children attending this day care center recently had
resistant strains of NTHi with PBP gene mutations in their
nasopharynx. gBLPACR strains have rapidly increased since
2007. PFGE analysis demonstrated that all gBLPACR strains in
2008 were clonally identical. This represents the first report in the
would about the apparent clonal dissemination of gBLPACR of
NTHi occurred like an epidemic. Because BLPACR strains are
generally multi-drug resistant, BLPACR strains are now emerging

and clonal spread of BLPACR observed in this study might be an
alarm of increasing more serious bacterial infectious diseases with
NTHi in the future.
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Abstract

Although it appears very lmcommon in adult COM, Mycob. ium b should be idered as a possible cause of a chronically
draining ear. Multi-: including high-d in can effectively treat adult COM cased by M. abscessus. The
first case report of adult chronic otitis med:a (COM) caused by M. abscessus is described here. A 61-year-old woman presented persistent
otorrhea for 2 months, despite with standard bial drugs. Physical examination revealed a small perforauon of the tympanic
membrane and edematous mlddle ear mucosa. Mycobacterial cultures and PCR yielded non-tut ! b ia (NTM); M. ab.

I /b and amik and oral clarithromycin were administered for 36 days. Computed tomography of the
temporal bone showed 1mproved aeration in the tympanic cavity, but soft tissue shadow remained unchanged in the mastoid 31 days after
starting medication. She therefore underwent tympano-mastoidectomy at 36 days. At surgery, inflammation remained in the middle ear, and
edematous pale mucosal tissue was noted around the stapes and ossicular chain. F gic ion showed i and

granulation tissue, but no caseating necrosis or acid-fast bacilli. After surgery the symptoms resolved and remained well without evidence of

clari y

infection recurrence 12 months after the operation.
© 2010 Elsevier Ireland Ltd. All rights reserved.

Keywords: Non-tuberculous mycobacteria; Mycobacterium abscessus; Chronic otitis media; Multi-antibiotic chemotherapy; Surgery

1. Introduction

Most cases of infectious diseases caused by non-
tuberculous mycobacteria (NTM) are resistant to antibiotic
therapy. Among NTM, Mycobacterium abscessus (M.
abscessus) is the most pathogenic and chemotherapy-
resistant, and the most rapidly growing [12]. It is therefore a
problematic infection requiring specific diagnosis and
treatment. Ear, nose, and throat (ENT) infections caused
by M. abscessus are very infrequent now, and most are
cervico-facial lymphadenitis [14-16]. Only 10 cases of

* This paper was published in the Journal of Japan Society for Infectious
Diseases in Otolaryngology 27: 27-30, 2009, entitled “An Adult Case of
Non Tuberculous Mycobacterial Otitis Media”.

* Corresponding author. Tel.: +81 76 265 2413; fax: +81 76 234 4265.

E-mail address: makoto@med.kanazawa-u.ac.jp (M. Ito).

chronic otitis media (COM) caused by M. abscessus have
been reported in the literature and all of them were
intractable cases in children [5-8,10]. To the best of our
knowledge, we present here the first case report of adult
COM caused by M. abscessus. Multi-antibiotic chemother-
apy including high-dose clarithromycin is potentially
effective for adult M. abscessus otitis media.

2. Case report

A 6l-year-old woman presented with recurrent right-
sided otorrhea for seven years, and perforation of the
tympanic membrane was diagnosed. In the episode in which
she presented she had experienced right ear fullness and
persistent otorrhea for 2 months, despite treatment with
standard antimicrobial drugs. She did not have undue

0385-8146/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.an1.2010.01.010
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Fig. 1. The tympanic membrane showed a small perforation with copious,
serous otorrhea.

susceptibility to infections other than otitis media. Otoscopy
revealed a small perforation of tympanic membrane with
copious, serous otorrhea. The tympanic membrane and
mucosa of the tympanic cavity showed edematous swelling
(Fig. 1). Initial cultures did not yield any bacteria. Computed
tomography (CT) showed a soft tissue shadow occupying the
middle ear and the mastoid cavity but no bone destruction
(Fig. 2). Laboratory studies revealed a normal white blood
cell count and CRP. We suspected middle ear tuberculosis,
and acid-fast bacillus stains revealed mycobacteria (Gaffky
3). However, polymerase chain reaction (PCR) for M.
tuberculosis was negative. Eventually mycobacterial cul-
tures and PCR yielded M. abscessus, a type of NTM. Chest
CT revealed no evidence of lung mycobacterial infection.
Audiometry revealed right conductive hearing loss (Fig. 3).

She received treatment with multiple antibiotics (600 mg/
day oral clarithromycin, 200 mg/day intravenous amikacin,
and 0.5 g/day intravenous panipenem/betamipron) for 36

Fig. 2. Computed tomography on April 17, 2008 showed a soft tissue
shadow occupying the middle ear and mastoid cavity.
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Fig. 3. Audiometry on March 3, 2008 revealed right conductive healing
loss.

days. The otorrhea stopped after 25 days of chemotherapy.
CT of the temporal bone showed improved aeration in the
tympanic cavity, but the soft tissue shadow remained
unchanged in the attic and mastoid cavity 31 days after
starting medication. Hence tympano-mastoidectomy was
performed 36 days after starting medication. At operation,
although serous otorrhea had already stopped, inflamed
tissue remained in the middle ear cavity, and edematous pale
mucosal tissue was noted around the stapes and ossicular
chain. Histopathologic examination showed inflammation
and granulation tissue, but no caseating necrosis or acid-fast
bacilli.

After surgery the symptoms resolved and the right ear
remained dry. She remained well without evidence of
infection recurrence 12 months after the operation. Follow-
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Fig. 4. Audiometry on July 11, 2008 showed improvement of the conduc-
tive healing loss.
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Fig. 5. Computed tomography on August 29, 2008 demonstrated good
aeration in the tympanic cavity.

up audiometry revealed improvement of the conductive
hearing loss (Fig. 4). Follow-up CT demonstrated good
aeration in the tympanic cavity (Fig. 5).

3. Discussion

Runyon first classified NTM into 4 groups based on growth
rate and pigment production [2] and M. abscessus belongs to
the rapidly growing group (visible colony formation within 7
days of subculture) [11]. To become infected with NTM, it is
necessary to aspirate the organism or become inoculated with
it from a natural reservoir; so far there is no evidence of
transmission from one human to another [12). M. abscessus
was first recognized by Moore and Frerichs in 1953 [3]. Itisa

ubiquitous organism that is commonly found in soil and water.
M. abscessus can cause disseminated disease in immuno-
compromized individuals but is not as serious in immuno-
logically normal hosts. Previously reported patterns of M.
abscessus infection include pulmonary disease, lymphade-
nitis, and ulcerative skin lesions. M. abscessus infections
typically follow surgery, or penetrating trauma, particularly
that causing retained foreign bodies.

ENT infections caused by NTM, particularly M. abscessus,
are very infrequent. The most common ENT manifestation of
NTM infections is cervico-facial lymphadenitis [14-16]. We
found only 10 cases of COM caused by M. abscessus in the
literature. Most of these patients were systemically well
children who presented with painless chronic otorrhea that
failed to settle with aural toilet and antimicrobial chemother-
apy. To the best of our knowledge, we herein report the first
case of M. abscessus COM in an adult (Table 1).

NTM and M. tuberculosis infections of the éar have
similarities in their clinical p such as ed
tissue in the middle ear and chronic otorrhea that fails to settle
with antimicrobial chemotherapy. On the other hand, M.
Tuberculosis causes necrosis of the tympanic membrane and
skin of the external auditory canal and can result in facial
paralysis and necrosis of the nasopharynx, while NTM is less
pathogenic and does not cause such destructive changes. CT
of the temporal bone cannot differentiate NTM from other
forms of otitis media or granulomatous disease but is
generally performed to rule out bone erosion and intracranial
complications [13,17,18]. Differentiation from other granu-
lomatous diseases is performed by biopsy of the granulations
and by culture looking specifically for NTM [9,18]. The
diagnosis of M. abscessus infection is generally straightfor-

Table 1
M. abscessus patient information.
Authors Age Antibiotic treatment  Surgical treatment Surgical revision Outcome (hearing level)
(year)/sex
Nylen et al. [10] 6/M Clarithromycin Radical Residual 40-dB conductive
hearing loss
Franklin et al. [5] 1/F Er i Tymp: None Residual mild conductive
hearing loss
Franklin et al. [5] 2M Er T )t Not noted
biopsy
Franklin et al. (5] 3M Er i Tymp: None Normal hearing
Franklin et al. [5] 6/M Er i Tymp: None Residual mild mixed
conductive and sensorineural
hearing loss
Franklin et al. [5] 4/F Eryth i Tymp: Tymp: d Residual 40-dB conductive
hearing loss
Franklin et al. [5] ™M Clarithromycin None None Not noted
Van Aerem et al. [7] 2M Clari i N i (twice) Residual 34-dB conductive
ciprofloxacin/ hearing loss
ethionamide
Ferguson et al. [8] 5IM Clarithromycin None None Not noted
Limmans et al. [6] 4M Clarithromycin Combined-approach Second look Normal hearing
tympanoplasty
Qur case 61/F Clari i Tymp: id None Residual 30-dB conductive
panipenem/ hearing loss

betamipron
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ward, i.e., the organism is an acid-fast, Gram-positive rod that
resembles diphtheroid group on a Gram-stained smear. M.
abscessus grows well on routine bacterial culture media. The
cultures must be maintained for more than 4 days to allow
sufficient time for growth of the organism [1,5]. In recurrent or
persistent COM with otorrhea, mycobacterial cultures should
be obtained to diagnose NTM and tuberculosis.

Until recently the treatment of M. abscessus was
considered difficult. Rapidly growing mycobacteria are
routinely resistant to standard anti-tuberculous drugs, and M.
abscessus is particularly drug resistant. Spontaneous
recovery is accordingly rare in these infections. Therapy
consists of surgical debridement, removal of all foreign
bodies, and long-term multi-antibiotic chemotherapy [4]. In
the literature, surgical excision of the infected tissue is
recommended for M. abscessus COM and long-term
antimycobacterial chemotherapy with clarithromycin and
amikacin is also recommended for M. abscessus. Clari-
thromycin should be given at high doses (600-800 mg/day)
and the chief disadvantage of multi-antibiotic chemotherapy
is gastrointestinal symptoms due to high-dose clarithromy-
cin. When performing surgical debridement, as much
infected tissue must be removed as possible to avoid
multiple surgical interventions, because one study showed
that almost 50% of all cases needed multiple surgical
debridements before the infection resolved [5,7,9,10].

In the present adult case, the infection was successfully
eradicated with multi-antibiotic treatment and tympano-
mastoidectomy. Multi-antibiotic chemotherapy including
high-dose clarithromycin was very effective, and no bacteria
including NTM or residual suppuration were observed in the
middle ear on the day of surgery. On the basis of our experience
with this case, we recommend multi-antibiotic chemotherapy
including high-dose clarithromycin for the initial treatment for
adult cases of COM caused by M. abscessus.

M. abscessus otitis media is usually found in well
children presenting with painless chronic otorrhea.
Although it appears very uncommon in adult otitis media,
M. abscessus should be considered as a possible cause of a
chronically draining ear in an adult. It is important to obtain
mycobacterial cultures to diagnose M. abscessus infection.
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Clonal Spread of p-lactamase-producing,
amoxicillin-clavulanate-resistant (BLPACR) Strains
of Non-typeable Haemophilus influenzae among
Young Children Attending a Day Care in Japan
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Is Day Care a risk factor for Otitis Prone?

Children attending day care centers have
more frequent episodes of AOM than those
cared for at home. Collet JR, Pediatrics 1994

Day Care is a risk factor for AOM
and Otitis Prone !

Age distribution of children attending
day cares in Kanazawa City :
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Need to know “Colonization of the
nasopharynx in day care attendance”

Antimicrobial resistances of Non-typable H.
influenzae (NTHi) were identified based on PCR
analysis of mutation of the pbp genes.

gBLPACR: p-lactamase producing AMPC/CVA resistant
with p-lactamase gene and mutation in the fts/ gene

gBLNAR: p-lactamase-nonproducing ampicillin-resistant
with an amino acid substitution in the fts/ gene

gBLPAR: g- producing icilli istant

gBLNAS: without mutation in the fts/ gene and -lactamase gene

MATERIALS AND METHODS 1

We obtained nasopharyngeal swabs from healthy
children in 1999 — 2000.

+ Children (6m to 3 yo) attending a day care center
(n=107)

« Children (6m to 3 yo) with acute otitis media (AOM)
(n=144)

« Children (1.5 yo) at a public health examination
(n=72)

Nasopharyngeal carriage of specific
respiratory pathogens in each groups

(1999-2000)

Day care center
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Total 3 33 (46) 31 (43) 37 (81) 16(2)

Day care attendance 10 104100), 11 ©

Non-day care 62 (37) (44), 16029,
Acute otitis media

Total 144 118 (82) 70 (49) 55 (38) 8(6)
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