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Correlation between Triazole Treatment History and Susceptibility in
Clinically Isolated Aspergillus fumigatus

Masato Tashiro,? Koichi Izumikawa,? Katsuji Hirano,® Shotaro Ide,® Tomo Mihara,® Naoki Hosogaya,®” Takahiro Takazono,?
Yoshitomo Morinaga,® Shigeki Nakamura,® Shintaro Kurihara,® Yoshifumi Imamura,® Taiga Miyazaki,> Tomoya Nishino,
Misuzu Tsukamoto,® Hiroshi Kakeya,® Yoshihiro Yamamoto,® Katsunori Yanagihara,© Akira Yasuoka,® Takayoshi Tashiro,® and
Shigeru Kohno?

Department of Molecular Microbiology and Immunology® and Departments of Health Sciences,® Nagasaki University Graduate School of Biomedical Sciences, and
Department of Laboratory Medicine® and Nagasaki University Infection Control and Education Center,® Nagasaki University Hospital, Nagasaki, Japan, and Department of
Internal Medicine II, University of Yamanashi, Chuo, Japan®

This is the first report of a detailed relationship between triazole treatment history and triazole MICs for 154 Aspergillus fumiga-
tus clinical isolates. The duration of itraconazole dosage increased as the itraconazole MIC increased, and a positive correlation
was observed (r = 0.5700, P < 0.0001). The number of itraconazole-naive isolates dramatically decreased as the itraconazole
MIC increased, particularly for MICs exceeding 2 pg/ml (0.5 pg/ml versus 2 pg/ml, P = 0.03). We also examined the relation-
ship between cumulative itraconazole usage and the MICs of other azoles. A positive correlation existed between itraconazole
dosage period and posaconazole MIC (r = 0.5237, P < 0.0001). The number of itraconazole-naive isolates also decreased as the
posaconazole MIC increased, particularly for MICs exceeding 0.5 pg/ml (0.25 pg/ml versus 0.5 pg/ml, P = 0.004). Conversely,
the correlation coefficient obtained from the scattergram of itraconazole usage and voriconazole MICs was small (r = —0.2627,
P = 0.001). Susceptibility to three triazole agents did not change as the duration of voriconazole exposure changed. In addition,
we carried out detailed analysis, including microsatellite genotyping, for isolates obtained from patients infected with azole-re-
sistant A. fumigatus. We confirmed the presence of acquired resistance to itraconazole and posaconazole due to a G54 substitu-
tion in the cyp51A gene for a patient with chronic pulmonary aspergillosis after oral itraconazole therapy. We should consider

the possible appearance of azole-resistant A. fumigatus if itraconazole is used for extended periods.

spergillosis has become an increasingly important fungal in-
ection, because the number of immunocompromised pa-
tients has increased (21, 29). However, antifungal drugs for treat-
ing different types of aspergillosis such as invasive pulmonary
aspergillosis or chronic pulmonary aspergillosis have insufficient
efficacy (18~20, 32). Among the few types of drugs with anti-
Aspergillus activity, triazoles hold a prominent position because
they are the only licensed class of oral drugs for treating aspergil-
losis (32).

Recently, the appearance of azole-resistant Aspergillus fumiga-
tus has come under scrutiny in several countries (1, 2, 7, 14, 17,
23-27, 30). Reports from some countries have raised concerns
over the increased prevalence of azole-resistant A. fumigatus (7,
17, 27). Therefore, it is important to elucidate the mechanism of
resistance to prevent the spread of azole-resistant A. fumigatus and
subsequent outbreaks. The possible origins of these azole-resis-
tant isolates include the environment and the patient’s own body
(31). Some cases of acquired resistance in A. fumigatus have been
reported in patients with aspergilloma during treatment with
azoles (3,6, 8,9,11,22). Environments such as farms are especially
suspected of promoting the production of azole-resistant isolates
harboring the TR/L98H mutation in the cyp51A gene, which en-
codes cytochrome P450 14-a sterol demethylase, the primary tar-
get for azole compounds (23, 31).

Despite the presence of case reports on the development of
azole resistance during azole therapy, little information is avail-
able on the amount of azole needed for the development of azole
resistance (8, 17, 22). Howard et al. reported that the first azole-
resistant isolate was identified after using azole for 1 to 30 months
(17). Arecent study by Camps et al. warned of a rapid induction of

4870 aac.asm.org
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resistance for which the median time between isolation of the last
cultured wild-type isolate and isolation of the first azole-resistant
isolate was 4 months (8). Such data are important, because long-
term, perhaps lifelong, antifungal treatment is required for some
chronic pulmonary aspergillosis cases (32).

Recently, we reported the antifungal MIC distribution of 196
A. fumigatus clinical isolates with a cyp51A gene mutation in Na-
gasaki, Japan (28). Of those, we analyzed 154 isolates from 64
patients retrospectively in this study, and we evaluated the cumu-
lative amount of azoles administered to patients at the time of
isolation of each A. fumigatus clinical isolate. Moreover, we inves-
tigated the backgrounds of patients from whom azole-resistant A.
fumigatus was isolated and conducted microsatellite genotyping
of the isolates to analyze their genetic relationships. This is the first
report to analyze the correlation between azole usage and azole
susceptibility of A. fumigatus clinical isolates.

MATERIALS AND METHODS
A. fumigatus isolates. The isolates were collected in the Pneumology

Department of Nagasaki University Hospital, Nagasaki, Japan, between
February 1994 and April 2010. We identified all isolates as A. fumigatus
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TABLE 1 Characteristics of patients and isolates

Parameter Value(s)”

No. of isolates 154

No. of patients 64

Sample origin
Sputum 96/154 (62)
Bronchoalveolar lavage fluid 36/154 (23)
Lung tissue 9/154 (5.8)
Other® 2/154 (1.3)
Unknown 11/154 (7.1)

Clinical diagnoses®

Invasive pulmonary aspergillosis® 9/64 (14)

Chronic pulmonary aspergillosis except 27164 (42)
simple aspergilloma

Simple aspergilloma 12/64 (19)

Allergic bronchopulmonary aspergillosis 4/64 (6.3)

Colonization 12/64 (19)

@ Other than patient and isolate data, all values represent number of positive results/
total number of results (percent).

¥ “Other” includes lung abscess and bone marrow.

¢ Diagnoses of 23 other patients were unknown.

4 All diagnoses were classified as “probable.”

according to the macroscopic colony morphological and micromorpho-
logical characteristics and the ability to grow at 48°C (4). Azole-resistant
isolates were subjected to additional molecular identification by amplifi-
cation of ribosomal internal transcribed spacers and ribosomal large-sub-
unit D1-D2 sequencing as described previously (16).

Patients. Clinical information was extracted from the clinical records
on the type of aspergillosis and history of azole antifungal use. The periods
of triazole administration were cumulatively determined until the time of
A. fumigatus isolation; therefore, the periods were different for each iso-
late and even for isolates obtained from the same patient. In patients
infected with azole-resistant A. fumigatus, we examined the underlying
diseases and characteristics of therapeutic failure. Patient 1 (a 48-year-old
man) had chronic cavitary pulmonary aspergillosis (CCPA) (see Table 2).
Both his lungs were damaged by multiple partial lobectomies because of
repeated refractory pneumothorax, and multiple cavities and bullas with
pleural thickness were observed in both the lungs. A. fumigatus was fre-
quently cultured from his sputum despite oral itraconazole treatment
(200 to 400 mg/day). After the isolation of itraconazole-resistant A. fu-
migatus, the patient was treated with oral voriconazole. Since then, his
symptoms such as productive cough or hemosputum have improved, and
no fungus has been subsequently isolated from his sputum. Patient 2 (a
70-year-old woman) was clinically diagnosed as having aspergilloma in
the upper lobes of both the lungs (see Table 2). She had a history of
pulmonary tuberculosis and had several cavities in both the lungs. Pa-
tients 3 (an 80-year-old woman) and 5 (a 63-year-old man) were diag-
nosed with simple aspergilloma. Patient 4 (a 56-year-old woman) was
diagnosed with CCPA (see Table 2).

Antifungal susceptibility testing and cyp51A sequencing. We previ-
ously reported results for antifungal susceptibility analysis and cyp51A
sequencing (28). The breakpoints used for resistance were =4 pg/ml for
itraconazole and voriconazole and =1 pg/ml for posaconazole (30).

Genotyping. Sixteen isolates (including both azole-susceptible and
azole-resistant isolates) were obtained from 5 patients infected with azole-
resistant A. fumigatus. DNA was extracted from these isolates by using a
MasterPure yeast DNA purification kit (Epicentre Biotechnologies, Mad-
ison, WI), and 9 short tandem-repeat regions (24, 2B, 2C, 3A, 3B, 3C, 4A,
4B, and 4C) were amplified by PCR as described previously (12). The
repeat numbers were determined by sequencing analysis, and we com-
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pared the patterns of repeat numbers. DNA sequences were determined
using a BigDye Terminator version 1.1 cycle sequencing kit (ABI) and an
ABI 3100x] DNA analyzer.

Statistics. Statistical analyses of azole usage and azole susceptibility
were performed using Pearson’s correlation and Fisher’s exact tests with
Prism version 5.0 (GraphPad). Differences were considered significant
when P < 0.05.

RESULTS

Correlation between azole usage (duration and amount) and
azole susceptibility. A total of 154 A. fumigatus clinical isolates
obtained from 64 patients were analyzed. Most of the specimens
were isolated from the lungs (Table 1). Chronic pulmonary asper-
gillosis (including simple aspergilloma) accounted for 61% of the
clinical diagnoses (Table 1).

The scatter plot of the itraconazole dosage period and itracona-
zole MICs is shown in Fig. 1A. Patients infected by A. fumigatus
with itraconazole MICs < 2 pg/ml had been treated with itra-
conazole for <1 year. All isolates with itraconazole MICs = 4
png/ml (MF-452, MF-460, MF-468, MF-469, MF-329, and MF-
357) had been exposed to itraconazole for >115 days (Table 2).
The itraconazole dosage duration increased as the itraconazole
MIC increased, and the dosage duration was positively correlated
with the itraconazole MIC (r = 0.5700, P < 0.0001) (Fig. 1A). The
number of itraconazole-naive isolates dramatically decreased as
the MIC increased, particularly for MICs exceeding 2 pg/ml (0.5
pwg/mlversus 2 pg/ml, P = 0.03) (Fig. 1B). These results indicated
that long-term itraconazole treatment could induce azole-resis-
tant A. fumigatus.
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FIG 1 Relationship between itraconazole MICs and the history of itracona-
zole usage for 154 A. fumigatus clinical isolates. (A) The itraconazole dosage
duration increased as the itraconazole MIC increased, and a positive correla-
tion was observed between the itraconazole dosage duration and the itracona-
zole MIC (r = 0.5700, P < 0.0001). (B) The number of itraconazole-naive
isolates dramatically decreased as the itraconazole MIC increased, particularly
for itraconazole MICs exceeding 2 pg/ml (0.5 pg/ml versus 2 pg/ml, P = 0.03).
*, P < 0.05 (Fisher’s exact test).
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TABLE 2 Characteristics of the 16 isolates obtained from patients infected with azole-resistant A. fumigatus®

95

Time from end

b i c
Patient Date of isolation ITC exposure of ITC therapy MIC (ng/mb) Cyp51A
no. Isolate no. (day-mo-yr) Period (days) Amt (mg) (days) ITC POS VRC substitution?
1 ME-368 16-08-2000 189 37,800 252 0.5 0.06 0.5 No substitution
ME-367 16-08-2000 189 37,800 252 0.5 0.06 0.25 No substitution
MEF-370 07-09-2000 189 37,800 274 0.25 0.06 0.25 No substitution
MF-439 19-10-2001 507 144,850 0 2 0.5 0.25 G54E
MF-452 03-04-2002 589 161,650 84 >8 0.5 0.5 No substitution
ME-454 17-04-2002 589 161,650 98 2 0.5 0.125 G54E
MEF-460 08-05-2002 589 161,650 119 4 2 0.25 G54E
MEF-468 22-05-2002 589 161,650 133 4 0.5 0.25 G54E
ME-469 29-05-2002 589 161,650 140 8 1 0.25 G54E
2 ME-329 24-08-1998 115 23,000 0 4 0.5 0.25 No substitution
ME-331 29-08-1998 120 24,000 0 >8 0.25 G54W
ME-336 10-09-1998 132 26,400 0 1 0.25 2 No substitution
3 ME-357 09-02-2000 731 146,200 1223 4 0.5 0.5 No substitution
4 MEF-933 11-03-2008 0 0 0.5 0.25 0.25 No substitution
ME-1011 09-10-2008 210 42,000 0 1 2 0.125 G54W
5 ME-327 16-07-1998 287 43,050 435 2 2 0.125 G54R

¢ Azole-resistant A. fumigatus had itraconazole MIC = 4pg/ml or posaconazole MIC = 1pg/ml. Voriconazole resistant isolates (voriconazole MIC = 4pg/ml) were not found.

b Accumulated periods and amounts before isolation.
¢ITC, itraconazole; POS, posaconazole; VRC, voriconazole.
 Only substitution associated with azole resistance.

A positive correlation was also observed between the itracona-
zole dosage period and the posaconazole MIC (r = 0.5237, P <
0.0001) (Fig. 2A). The number of itraconazole-naive isolates de-
creased as the posaconazole MIC increased, particularly for po-
saconazole MICs exceeding 0.5 wg/ml (0.25 pg/ml versus 0.5 pg/
ml, P = 0.004) (Fig. 2C). The correlation coefficient obtained
from the scattergram of itraconazole usage and voriconazole
MICs was small (r = —0.2627, P = 0.001) (Fig. 2B). The voricona-
zole MIC did not increase with increasing itraconazole usage. In
addition, the numbers of itraconazole-naive isolates were not cor-
related with the voriconazole MIC (Fig. 2D). These results sug-
gested the possibility of inducing resistance to posaconazole but
not to voriconazole by long-term itraconazole therapy.

A. fumigatus was isolated after voriconazole treatment from
only a few patients; therefore, analysis of the relationship between
voriconazole usage histories before A. fumigatus isolation and az-
ole susceptibilities was limited. Only 10 isolates were exposed to
voriconazole therapy before isolation, and the average duration of
the therapy was 8.3 = 6.3 days. Voriconazole exposure did not
alter the susceptibility to the 3 triazole agents.

In this study, we counted the duration of azole exposure as the
cumulative time of treatment. A. fumigatus was not always clini-
cally isolated from patients during therapy; it was also isolated
after the cessation of azole therapy. Because the selection pressure
on azole-resistant A. furmigatus might be at its highest during the
treatment, azole resistance might dissipate over time after therapy.
Hence, we examined the relationship between the itraconazole
MIC and the time from the end of itraconazole therapy to isola-
tion. Of the 154 isolates, 42 had been exposed to itraconazole
therapy before isolation. The time from the end of itraconazole
treatment to isolation had no relationship with itraconazole sus-
ceptibility (r = —0.1302, P = 0.4110) (Fig. 3). Azole-resistant A.
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fumigatus was isolated even after azole treatment had been discon-
tinued.

Clinical analysis of patients infected with azole-resistant A.
fumigatus. Five patients were infected with azole-resistant A. fu-
migatus, and 16 isolates (including susceptible isolates) were ob-
tained from these patients (Table 2). To analyze the genetic rela-
tionships among these 16 isolates, a panel of nine short tandem
repeats for exact and high-resolution fingerprinting of A. fumiga-
tus isolates was examined in this study. The 16 isolates obtained
from the 5 patients were divided into 6 genotypes via microsatel-
lite typing (Table 3).

Nine isolates were cultured from patient 1 (Table 2). A. fumiga-
tus isolated in earlier periods was susceptible to azole, and it har-
bored the I266N mutation in the cyp51A gene; however, later iso-
lates showed itraconazole or posaconazole resistance and new
mutations such as G54E. Despite the discontinuation of itracona-
zole treatment, azole-resistant isolates were cultured from sputum
of the patient 140 days after the end of the treatment (Table 2). All
isolates were confirmed to be genetically homogeneous (Table 3).

From patient 2, three A. fumigatus isolates were cultured dur-
ing days 115 to 132 of the itraconazole dosage period. The isolates
were homogeneous; however, the itraconazole or posaconazole
MICs and cyp51A mutations in the three isolates were significantly
different (Tables 2 and 3). A. fumigatus isolates from patient 4
were heterogeneous.

DISCUSSION

In this study, we showed a correlation between the duration of
clinical itraconazole exposure and the MICs of triazoles for A.
fumigatus. It has already been reported that itraconazole exposure
can induce the formation of azole-resistant A. fumigatus carrying
a G54 mutation in the ¢yp51A gene in vitro (13). As expected,
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FIG 2 Relationship between the MICs of other triazoles and the history of itraconazole usage for the 154 A. fumigatus clinical isolates. (A) A positive correlation
was observed between the itraconazole dosage period and the posaconazole MIC (r = 0.5237, P < 0.0001). (B) The number of itraconazole-naive isolates
decreased as the posaconazole MIC increased, particularly for posaconazole MICs exceeding 0.5 pg/ml (0.25 pg/ml versus 0.5 pg/ml, P = 0.004). (C) The
correlation coefficient obtained from the scattergram of itraconazole usage and voriconazole MICs was small (r = —0.2627, P = 0.001). (D) No significant
difference was observed in the percentages of itraconazole-naive isolates and the individual MICs of voriconazole. *, P < 0.05 (Fisher’s exact test).

increased use of itraconazole was associated with decreased itra-
conazole susceptibility among the A. fumigatus clinical isolates.
The posaconazole susceptibility of the isolates was also decreased,
presumably because of the appearance of G54 substitution in the
cyp51A gene, indicating that clinicians should be careful when
selecting posaconazole as an antifungal agent for the treatment of
patients who had previously received long-term itraconazole ther-
apy. If long-term itraconazole therapy induces voriconazole resis-
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FIG 3 We examined the relationship between itraconazole MICs and the time
from the end of itraconazole therapy to A. fumigatus isolation. Of the 154
isolates, 42 had been exposed to itraconazole before isolation. These isolates
were analyzed for the relationship; however, the relationship could not be
confirmed by the scatter plot (r = —0.1302, P = 0.4110).
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tance in A. fumigatus, then this will have a significant impact on
the treatment of aspergillosis. Our study indicated that itracona-
zole treatment did not induce voriconazole cross-resistance.
These results were consistent with previous reports (15, 25). The
reason for the lack of cross-resistance between itraconazole and
voriconazole in this study was that the G54 mutation in azole-
resistant isolates resulted in a resistance to itraconazole and po-
saconazole but not to voriconazole.

The most important limitation of this study was that no data
could be obtained regarding the serum concentration of itracona-
zole during its usage. Itraconazole has a relatively low bioavailabil-
ity after oral administration, especially when given in capsule form
(33). Ofthe 42 isolates exposed to itraconazole before isolation, 39
had been exposed to itraconazole capsules, and the remaining 3
isolates had been exposed to the oral solution, which has a greater
bioavailability than the capsule form (5). Most patients who were
administered the capsule form of itraconazole were prescribed a
dose of 200 mg/day, which is the approved dose in Japan. Despite
the lack of a report examining the presence of a mutation selection
window for itraconazole by A. fumigatus, both the low bioavail-
ability and blood concentration of itraconazole in capsule form
might be risk factors for azole resistance. The solution form may
overcome these disadvantages; however, patient 4, who was in-
fected with posaconazole-resistant A. fumigatus carrying the
G54W cyp51A mutation, had been administered the itraconazole
oral solution at a dose of 200 mg/day for 210 days.
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TABLE 3 Genotypes of the 16 A. fumigatus isolates by STRAS
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No. of tandem repeats at indicated microsatellite by STRAf"

Patient no. Isolate no. 2A 2B 2C 3A 3B 3C 4A 4B 4C
1 ME-368 23 15 10 25 11 32 8 10 7
ME-367 23 15 10 25 11 32 8 10 7
ME-370 23 15 10 25 11 32 8 10 7
MEF-439 23 15 10 25 11 32 8 10 7
ME-452 23 15 10 25 11 32 8 10 7
MF-454 23 15 10 25 11 32 8 10 7
ME-460 23 15 10 25 11 32 8 10 7
MF-468 23 15 10 25 11 32 8 10 7
ME-469 23 15 10 25 11 32 8 10 7
2 MEF-329 19 21 14 18 10 16 7 13 5
ME-331 19 21 14 18 10 16 7 13 5
MEF-336 19 21 14 18 10 16 7 13 5
3 ME-357 18 19 23 34 13 20 18 9 8
4 MEF-933 20 12 20 24 22 36 13 9 5
ME-1011 11 21 11 28 12 31 18 9 10
5 ME-327 21 21 10 23 11 27 8 9 8

“ Data represent the number of tandem repeats at the given microsatellite number.

Itraconazole oral therapy is often administered long-term for
the treatment of chronic pulmonary aspergillosis (32). The judg-
ment of treatment failure is still difficult; therefore, we need more
information to decide whether itraconazole treatment should be
continued. Despite the importance of the duration of itraconazole
treatment with respect to the induction of azole resistance, few
studies have investigated the relationship between azole resistance
and azole exposure. Howard et al. reported that the duration of
azole exposure before the identification of the first resistant isolate
was 1 to 30 months, and the most commonly administered azole
was itraconazole (17). Mortensen et al. also reported that patients
with azole-resistant A. fumigatus isolates had received mold-active
azoles for 11.5 to 69.5 months before the detection of resistant
isolates (22). In our study, patients with azole-resistant A. fumiga-
tus had been administered itraconazole for 3.8 to 24.3 months.
These data are similar to those described above. Moreover, pa-
tients infected by A. fumigatus with itraconazole MICs < 2 jug/ml
had been administered itraconazole for <1 year. Clinicians
should be careful of the potential appearance of itraconazole-re-
sistant isolates during long-term sequential itraconazole therapy
administered for several months to more than 1 year.

Recently, Camps et al. reported that median time between col-
lection of the last cultured wild-type isolate and the first azole-
resistant isolate was 4 months (range, 3 weeks to 23 months) (8).
In our study, the times between the last isolation of an azole-
sensitive strain and the first appearance of an azole-resistant strain
were about 10 and 7 months in patients 1 and 4, respectively (Ta-
ble 2). These periods were longer than the median time reported
by Camps et al. but fell within the reported range (3 weeks to 23
months).

We confirmed that long-term itraconazole therapy induced
azole resistance in A. fumigatus. Even if azole-resistant mutants
were dominant during treatment, their dominance could dissi-
pate after cessation of the therapy because of the differences in the
growth rates of the resistant and susceptible specimens (3). How-
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ever, resistant isolates were still cultured 140 days after the cessa-
tion of azole therapy in patient 1. In patients 3 and 5, the times
from the end of treatment to isolation were 1,223 and 435 days,
respectively, which might indicate the possibility of the presence
of resistant isolates for years after the end of azole therapy or the
possibility of new infection. There were no differences in the
growth rates of azole-resistant and azole-susceptible A. fumigatus
isolates in vitro (data not shown). When patients receive long-
term itraconazole therapy, clinicians should aggressively culture
A. fumigatus from the patients and perform susceptibility tests
even long after the cessation of itraconazole therapy.

We isolated azole-resistant A. fumigatus from clinical samples,
such as sputum, but we did not isolate A. fumigatus from the
environment or detect a TR/L98H mutant (28). It is interesting
that the most common mechanism of resistance detected in this
study was G54 substitution, because the selection pressure of itra-
conazole induces G54 mutation (13). Moreover, most resistant
isolates detected in the environments around the world carry the
TR/L98H substitution and no other mutation such as an G54 sub-
stitution (10, 23). These facts suggest that different azoles select
different mutations. Itraconazole might selectively induce muta-
tions such as G54 substitution, whereas some azoles used in agri-
culture may tend to select the TR/L98H mutation. The mecha-
nisms of these differences remain to be completely elucidated.
Further investigation is needed to clarify these mechanisms, and
this knowledge may enable us to prevent the induction of the
TR/L98H mutation in the environment.

In conclusion, this is the first report to show a detailed relation-
ship between azole usage and azole MICs for A. fumigatus. Fur-
thermore, we confirmed the presence of acquired resistance to
itraconazole and posaconazole in a patient with chronic pulmo-
nary aspergillosis after consecutive oral itraconazole treatments in
Japan. The possibility of the presence of azole-resistant A. fumiga-
tus should be considered during long-term itraconazole therapy in
patients with chronic pulmonary aspergillosis.
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Abstract

The prognosis of patients with chronic respiratory tract infections, especially diffuse panbronchiolitis, is re-
markably improved by long-term administration of low-dose macrolides. However, in some cases, patients
are refractory to macrolide treatment and show a low or no response; therefore, new treatment strategies are
required. Here we present a patient refractory to either single low-dose clarithromycin or azithromycin but re-

sponded remarkably to the combination usage of both macrolides.
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Introduction

The prognosis of patients with refractory chronic respira-
tory tract infections such as diffuse panbronchiolitis, has
been dramatically improved owing to the long-term admini-
stration of low-dose macrolides. There are some cases, how-
ever, that are refractory to such treatment, and newer or im-
proved strategy of treatment is urgently required in clinical
settings. We here report a case of refractory chronic respira-
tory infection caused by Pseudomonas aeruginosa that was
not well controlled by administration of either single low-
dose clarithromycin (CAM) or azithromycin (AZM) but
good conirol was achieved by combined therapy with both
macrolides.

Case Report

A 60-year-old woman, previously diagnosed with sys-
temic lupus erythematosus, interstitial pneumonia due to col-
lagen diseases, Sjogren syndrome, and antiphospholipid syn-

drome, in 1992, 1994, 2003, and 2008, respectively, was
followed up clinically at the Department of Dermatology
and Respiratory Medicine of Nagasaki University Hospital
(NUH), Nagasaki, Japan. She had been taking oral predniso-
lone (5 mg/day) continuously for 16 years. Interstitial pneu-
monia gradually progressed, and the lungs showed a honey-
comb appearance. The severity of clinical symptoms such as
cough and sputum production had gradually increased since
2008. Moreover, the frequency of recurrences of chronic
respiratory tract infection due to P. aeruginosa had increased
since May 2008. Administration of oral CAM (200 mg/day)
was initiated in August 2008. The patient was admitted to
NUH on January 28, 2009, because the cough and sputum
production worsened and she had a persistent high fever.

On admission, she was alert and vital signs were as fol-
lows: body temperature, 39.2°C; heart rate, 136 beats/min
with a regular thythm; SpO., 89% (on room air); respiratory
rate, 24 breaths/min with regular rhythm; and blood pres-
sure, 106/71 mmHg. Physical examination revealed emacia-
tion (height =156.0 cm and body weight =42.5 kg) and di-
minished respiratory sounds with moist rales in both the
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Figure 1,

right and left lower lung fields. No signs of systemic lym-
phadenopathy, hepatosplenomegaly, or pre-tibial edema were
observed. On admission, her white blood cell count was
11.1x10%uLl with a shift to the left (neutrophils, 83%) and
C-reactive protein level was 10.1 mg/dL. The findings of the
blood gas analysis were as follows: pH, 7.488; PCO,, 34.9
torr; PO, 91.5 torr; and HCOs, 25.9 mmol/L (G: nasal, 1.5
L/min). A microbiological test of the sputum revealed the
presence of P aeruginosa at 1x10° CFU/mL, and a drug
susceptibility test indicated that the minimum inhibitory
concentrations (MICs) of gentamycin, ciprofloxacin, and
meropenem were 2.0, <0.25, and <0.25 pg/mL, respectively.
Chest radiographs showed severe cystic shadows in both the
right and left lower lung fields. Computed tomography scans
showed a honeycomb appearance of the lungs (Fig. 1).
Fig. 2 illustrates the clinical course of this case. Recurrence
of chronic respiratory infection was diagnosed on admission,
and the administration of tazobactam/piperacillin (4.5gx4/
day) was started. Her clinical symptoms and fever were rap-
idly recovered and tazobactam/piperacillin was continued for
14 days then the patient was discharged. Three days after
the discharge, however, the patient was re-admitted to NUH
because of high fever. Refractory chronic pulmonary infec-
tion due to P. aeruginosa was diagnosed again. Although in-
haled tobramycin with intravenous ciprofloxacin, followed
by tazobactam/piperacillin with intravenous amikacin, and
colistin were administered, she did not recover completely.
As for long-term macrolide treatment, the previously admin-
istered CAM at 200 mg/day was switched to AZM at 250
mg/day every other day; however, this treatment was not ef-
fective at all. A single treatment with AZM was not effec-
tive; therefore, in August 2009, we initiated combined ther-

Radiological findings on admission. a) Chest radiograph showing severe cystic and retic-
ular shadows in both the right and left lower lung fields. b) and ¢) Chest computed tomography scan
images showing the honeycomb appearance of the lungs.

apy with CAM at 400 mg/day and AZM at 250 mg/day
once daily. This combined treatment reduced the event of
high fever but low grade fever continued occasionally after
December, 2010. The patient has been receiving both CAM
and AZM for 2 years, and only 1 apparent episode of recur-
rence of chronic respiratory infection which required hospi-
talization and intravenous antibiotics administration (mero-
penem and ciprofloxacin for a week in January 2010) has
been observed. Combined treatment with CAM and AZM is
currently administered at the outpatient clinic. Additionally,
an increase in the sensitivity of P aeruginosa to almost all
anti-Pseudomonas antimicrobial agents was observed after
combined administration of anti-pseudomonas antimicrobial
agents (Table 1).

Discussion

Long-term administration of low-dose erythromycin treat-
ment, established by Kudoh et al., has remarkably improved
the prognosis of patients with diffuse panbronchiolitis (1, 2).
Apart from their anti-microbial activity, macrolides were
found to have immunomodulatory effects, and these effects
were extensively studied in Japan. These macrolides have
been found to be highly effective in (a) reducing the amount
of sputum produced via suppression of mucin secretion by
blocking chloride channels of bronchial epithelial
cells (3, 4); (b) blocking and inhibiting the accumulation of
neutrophils and lymphocytes, neutrophil elastase activity, cy-
tokine production, and adherence to cells (5-7); (c) decreas-
ing and disrupting biofilm formation by P. aeruginosa (8);
and (d) suppressing P. aeruginosa quorum-sensing systems
as cell-to-cell communication (9). In fact, these effects work
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