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2004), and those subclassified previously (Saruwatari et al.,
2002b; Takasaka et al., 2004) were all subjected to a phylo-
genetic analysis. Furthermore, we performed a single nucle-
otide polymorphism (SNP) analysis of 275 reported partial
SC DNA sequences worldwide. Our results provide the basis
for a discussion of ancient human dispersals carrying SC
subgroups.

Materials and Methods

Geographic origins of JCPyV isolates

Using molecular cloning (see below), eight JCPyV iso-
lates (UR-8, Han-1, -3 and -4, RH-2 and -5, and MU-4 and -
7) were recovered in the current study, and seven isolates
(C1, CW-7 and -11, ID-2, ML-2 and -4, and ZA-3) were
obtained in a previous study (Guo et al., 1996), using urine
samples collected from indigenous volunteers or patients
aged 40 years or older at the sites indicated in Table 1 and
Figure 1. The origins of the JCPyV isolates used in this
study whose complete JCPyV sequences have been reported
previously are also shown in Table 1 and Figure 1.

DNA Analysis

Full length JCPyV DNAs were cloned into pUC19 at the
unique BamHI site, as described previously (Yogo et al.,
1991). The resultant complete JCPyV DNA clones were pre-
pared using a QIAGEN Plasmid Mini kit (QIAGEN GmbH,
Hilden, Germany). Purified plasmids were used in a cycle
sequencing reaction using the DYEnamic ET Terminator
Cycle Sequencing Kit (Amersham Biosciences, Bucking-
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hamshire, England). The primers used were a set reported
previously (Agostini et al., 1997), excluding JIG-9, JIG-10,
JIG-53, and SEC-11, and four additional primers: W-11 (5'-
AGTTTTTGAGGGAACAGAGGAG-3"), corresponding to
nucleotides (nt) 283 to 310 in the JCPyV (Mad-1) genome
(Frisque et al., 1984); W-la (5-CTTCGCCAGCTGT-
CACGTAAGGCTTCTG-3"), corresponding to nt 283 to
310; and the M13 universal forward and reverse primers.
DNA sequencing was performed using an automated
sequencer (ABI PRISM 373S DNA sequencer, Applied Bio-
systems, Foster City, CA, USA).

Phylogenetic analysis

The non-coding control region of the JCPyV genome was
excluded from the phylogenetic analysis since this region is
hypervariable, especially in JCPyV isolates derived from the
brain and the cerebrospinal fluid of PML patients (Yogo and
Sugimoto, 2001) [One isolate, SA21 01, was recovered
from the cerebrospinal fluid of a PML patient (Venter et al.,
2004)]. DNA sequences were aligned using CLUSTAL W
(Thompson et al., 1994) with a gap-opening penalty of 15.00
and a gap-extension penalty of 6.66. To evaluate the phylo-
genetic relationships among DNA sequences, the neighbor-
joining (NJ) method (Saitou and Nei, 1987) in the
CLUSTAL W program was used. Divergences were esti-
mated using Kimura’s two-parameter method (Kimura,
1980). To assess the confidence of branching patterns of the
NJ tree, bootstrap probabilities (BPs) were estimated with
1000 bootstrap replicates (Felsenstein, 1985) using
CLUSTAL W. The phylogenetic tree was visualized using
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Figure 1. Sites of sample collection. Dots indicate the sites where samples were collected, and the numbers beside the dots indicate the site
numbers (see Table 1). One site (Hawali, site no. 24) is not shown. The region in which non-SC-f isolates were frequently detected is circled.
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Geographic origin (site no.") Subgroup® Isolates 5-bp , Accession no.* Ref?
deletion RI R2
Manzhouli, China (1) SC-f T14A + AF300964 A A
Chifeng, China (2) SC-f THA + AF300961 A A
Chifeng, China (2) SC-f T13A + AF300963 A A
Shenyang, China (3) SC-f 715A + AF300965 A A
Kunming, China (4) SC-f 710A + AF300960 A A
Kunming, China (4) SC-f TiI2A + AF300962 A A
Kunming, China (4) SC-a 716A - AF300966 A A
Taipei, China (5) SC-f Ci + AB198940 B —
Taipei, China (5) SC-f C3 + ABO77873 B C
Wuhan, China (6) SC-f CWw-2 + ABO048579 B G
Wuhan, China (6) SC-f CW-7 + AB198942 B —
Wuhan, China (6) SC-f CW-10 + AB077872 B E
Wauhan, China (6) SC-f CW-11 + AB198943 B —
Urumgi, China (7) SC-f UR-8 + AB198941 — —
Ulaanbaatar, Mongolia (8) SC-b MO-11 - AB048582 B G
Hanoi, Vietnam (9) SC-f Han-1 + AB198944 — —
Hanoi, Vietnam (9) SC-f Han-3 + AB198945 - —
Hanoi, Vietnam (9) SC-f Han-4 + AB198946 — —
Chiang Mai, Thailand (10) SC-a TL-2 - ABO077855 C C
Chiang Mai, Thailand (10) SC-a TL-5 - ABO077856 C C
Chiang Mai, Thailand (10) SC-c TL-7 - ABO077858 C C
Yangon, Myanmar (11) SC-f MN-3 + AB077879 C C
Yangon, Myanmar (11) SC-d MN-6 - ABO077866 C C
Yangon, Myanmar (11) SC-d MN-7 ABO77867 C C
Yangon, Myanmar (11) SC-e MN-11 - ABQO77871 C C
Rakhine, Myanmar (12) SC* RH-2 - AB198947 — —
Rakhine, Myanmar (12) SC-f RH-5 + AB198948 — —
Myitkyina, Myanmar (13) SC-¢ MT-1 - AB077859 C C
Myitkyina, Myanmar (13) SC-c MT-2 - AB077860 C C
Myitkyina, Myanmar (13) SC-f MT-10 + AB077874 C C
Myitkyina, Myanmar (13) SC-f MT-14 + ABO077861 C C
Myitkyina, Myanmar (13) SC-f MT-15 + ABO077857 C C
Myitkyina, Myanmar (13) SC-e MT-22 - ABO077868 C C
Tiddim, Myanmar (14) SC-d TD-4 - AB077862 C C
Tiddim, Myanmar (14) SC-d TD-6 - AB077863 C C
Tiddim, Myanmar (14) SC-d TD-15 - AB077864 C C
Tiddim, Myanmar (14) SC-d TD-19 - ABO077865 C C
Peinnebeen, Myanmar (15) SC-f PB-3 + ABOQ77876 C C
Peinnebeen, Myanmar (15) SC-f PB-4 + ABO77877 C C
Peinnebeen, Myanmar (15) SC-f PB-5 + ABQ77878 C C
Chaungtha Beach, Myanmar (16) SC-e CH-2 - ABO77869 C C
Chaungtha Beach, Myanmar (16) SC-f CH-7 + ABO77875 C C
Chaungtha Beach, Myanmar (16) SC-f CH-17 + AB077870 C C
Masai, Malaysia (17) SC-f ML-2 + AB198950 B —
Masai, Malaysia (17) SC-f ML-4 + AB198951 B —
Masai, Malaysia (17) SC-f ML-6 + AB048581 B G
Jakarta, Indonesia (18) SC-f ID-1 + AB048580 B G
Jakarta, Indonesia (18) SC-f ID-2 + AB198949 B —
Luzon, Philippines (19) SC-f Luz-1 + AB113125 D D
Luzon, Philippines (19) SC-f Luz-2 + AB113132 D D
Luzon, Philippines (19) SC-f Luz-3 + AB113134 D D
Luzon, Philippines (19) SC-x Luz-18 - AB113130 D D
Luzon, Philippines (19) SC-x Luz-19 - ABI1313] D D
Luzon, Philippines (19) SC-x Luz-20 - AB113133 D D
Cebu, Philippines (20) SC-f Ceb-1 + ABI13118 D D
Cebu, Philippines (20) SC-f Ceb-2 + AB113122 D D
Cebu, Philippines (20) SC-f Ceb-4 + AB113123 D D
Cebu, Philippines (20) SC-x Ceb-14 - ABI13119 D D
Cebu, Philippines (20) SC-x Ceb-15 - AB113120 D D
Cebu, Philippines (20) SCx Ceb-16 - ABI113121 D D
Kwazulu-Natal, South Africa (21) SC-f SA21 01 + AY 536239 E E
Lusaka, Zambia (22) SC-f ZA-3 + AB198952 B —
Port Louis, Mauritius (23) SC-f MU-4 + AB198953 — —
Port Louis, Mauritius {23) SC-f MU-7 + AB198954 — —
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Table 1. (continued)
Geographic origin (site no.") Subgroup? Isolates 5-bp Accession no.* Ref’
: deletion’
Rl R2
Hawaii, USA (24) SC-x 732A - AF396427 F F

! Indicated in Figure 1.
? Determined based on the phylogenetic analysis (Figure 2).

3 Presence (+) or absence () of the pentanucleotide deletion spanning nucleotides nt 218 to 222. These nucleotide numbers are those of the

archetype (Yogo et al., 1990) in the transcriptional control region.
* GenBank/EMBL/DDBJ accession numbers.

5 R1, references for isolates; R2; references for sequences. A, Cui et al. (2004); B, Guo et al. (1996); C, Saruwatari et al. (2002b); D, Takasaka et
al. (2004); E, Venter et al. (2004); F, Yanagihara et al. (2002); G, Sugimoto et al. (2002); —, this study.

the TREEVIEW program (Page, 1996).

Results

Phylogenetic analysis of SC isolates worldwide based on
complete viral DNA sequences

We sequenced 15 complete JCV (SC) DNA clones,
including seven established previously (Guo et al., 1996)
and eight established in this study (the origins of these
clones are shown in Table 1 and Figure 1). An NJ phyloge-
netic tree was constructed from these sequences and 50 com-
plete SC sequences reported previously (Table 1). Thus, in
this study, we subclassified 11 SC isolates in China, three in
Vietnam, two in Malaysia, two in Myanmar, one in Indone-
sia, two in Mauritius, one in Zambia, one in South Africa,
and one in Hawaii, USA.

According to the phylogenetic tree (Figure 2), the SC iso-
lates worldwide can be classified into several clusters, previ-
ously designated SC-a to -f and SC-x (Saruwatari et al.,
2002b; Takasaka et al., 2004), with BPs ranging from 46% to
100%. Although the BP for SC-f was not high (63%), we
found that all SC-f isolates examined carried a unique penta-
nucleotide deletion in the transcriptional control region
(Saruwatari et al., 2002b), whereas this deletion was absent
in all other subgroups (Table 1).

It should be noted that six (710A to 715A) of the seven
Chinese Type-7A isolates detected by Cui et al. (2004) were
classified as SC-f, while one (716A) fell into the SC-a clus-
ter (Figure 2). Furthermore, the Hawaiian isolate (732A)
previously described as belonging to Type 7A (Yanagihara
et al., 2002) was classified as SC-x, and the South African
isolate (SA21 01) previously described as belonging to type
7 (Venter et al., 2004) was classified as SC-f (Figure 2).

The number of isolates belonging to each SC subgroup is
shown for each country in Table 2, and the findings are sum-
marized as follows: the SC-a to -e subgroups mainly con-
tained isolates localized to an area including Myanmar,
Thailand, and southwestern China; the SC-f subgroup con-
tained isolates spread across all of China, southeastern Asia,
and southern Africa; and the SC-x subgroup contained those
localized to the Philippines and a single Hawaiian isolate.
These results suggest that although SC isolates worldwide
can be classified into several subgroups, only one (SC-f) has
attained a worldwide distribution.

cY
SC-a

SC-x

SC-b
|RH-2]
—F’ o::H-'\gN-1 !
MT-22 SC-e
CH-17

MN-6
53 MN-7
TD-4
57 TD-18 SC-d
51 TD-6
TD-15

L———wru. SC-e
TL-7

83

SC-f

[Sae s O

0.001
Divergence

Figure 2. NJ phylogenetic tree relating 65 complete JCV (SC)
DNA sequences. The phylogenetic tree was constructed from complete
sequences, excluding regulatory sequences, using the NJ method. The
phylogenetic tree was visualized using the TREEVIEW program. The
tree was rooted using isolate CY as the outgroup, since this is a distinct
genotype that is closely related to SC (Sugimoto et al., 2002). The
symbols for sequences are shown in Table 1. The numbers at nodes in
the tree indicate BPs (%) obtained from 1000 replicates (only those for
major clusters are shown). SC subgroups (SC-a to -f and SC-x) are
indicated. Isolates whose sequences were determined in the current
study are shown in white on a black background, while those whose
sequences were determined previously (but left unclassified into sub-
groups) are shown in white on a grey background.
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Table 2.  Worldwide distribution of SC subgroups classified by phylogenetic analysis of complete viral DNA sequences
Geographic origin  Total no. of No. of isolates classified as':
isolates analyzed ™™g SC-a SC-b SC-c SC-d SC-e SC-f Other®

China 14 0 1 0 0 0 0 13 0
Vietnam 3 0 0 0 0 0 0 3 0
Thailand 3 0 2 0 1 0 0 0 0
Myanmar 22 0 0 1 3 6 4 7 i
Malaysia 3 0 0 0 0 0 0 3 0
Indonesia 2 0 0 0 0 0 0 2 0
Philippines 12 6 0 0 0 0 0 6 0
Mongolia I 0 0 1 0 0 0 0 0
Mauritius 2 0 0 0 0 0 0 2 0
Zambia 1 0 0 0 0 0 0 1 0
South Africa I 0 0 0 0 0 0 1 0
Hawaii, USA 1 1 0 0 0 0 0 0 0
Total 65 7 3 2 4 6 4 38 1

24) (1) 1 @1) (1

! Numbers within parentheses indicate isolates classified into subgroups in the present study.
2 One isolate (RH-2) was classified as ‘other’ since this isolate did not cluster with any other isolates in the analysis (Figure 2).

Table 3. Worldwide distribution of SC-f and non-SC-f isolates based on an SNP within the VT-intergenic region
Geographic region Total no. of SC No. of SC isolates grouped as’ Ref?
isolates SC-f Non-SC-f
NE China (Harbin, Shenyang, Manzhouli, Chifeng)’ 7 5 2 A, B
NW China (Xi’an, Lanzhou, Urumgqji) 8 8 0 C
SE China (Wuhan, Guangzhou, Taipei) 19 17 2 A
SW China (Chengdu, Kunming, Lhasa) 12 10 2 A,B,D
Thailand (Chiang Mai) 11 3 8 A
Myanmar (Myitkyina) 15 3 12 E
Myanmar (Tiddim) 27 0 27 E
Myanmar (Chaungtha Beach) 10 4 6 E
Myanmar (Yangon) 9 2 7 E
Myanmar (Peinnebeen) 21 18 3 E
Vietnam (Hanoi) 18 18 0 D
Vietnam (Danang) 26 26 0 D
Malaysia (Masai) 13 13 0 A
Indonesia (Jakarta) 17 16 1 A
Philippines (Pamalican Is.) 4 4 0 A
Philippines (Luzon) 13 8 5 F
Philippines (Cebu) 17 i1 6 F
Philippines (Mamanwa) 6 6 0 G
Mauritius (Port Louis) 3 3 0 A
Zambia (Lusaka) 1 i 0 A
South Africa (Kwazulu-Natal) 1 1 0 H
USA (Guam) 8 8 0 |
USA (Hawaii) i 0 1 J
S Japan 8 8 0 K
Total 275 193 82

1 Most isolates were classified based on an SNP that subclassifies SC isolates into SC-f and non-SC-f (see text), but those in Guam, USA were
classified as SC-f based on the presence of the unique pentanucleotide deletion in the regulatory region of the viral genome.

2 A, Sugimoto et al. (1997);

B, Cui et al. (2004); C, Guo et al. (2001); D, Saruwatari et al. (2002a); E, Saruwatari et al. (2002b); F, Miranda et al.
(2003); G, Miranda et al. (2004); H, Venter et al. (2004); [, Ryschkewitsch et al. (2000);

J, Yanagihara et al. (2002); K, Kitamura et al. (1998).

3 Including Mongolia (Ulaanbaatar), where a single SC isolate was reported (Sugimoto et al., 1997).

Classification of SC isolates worldwide into SC-f and
non-SC-f subgroups, based on an SNP

Partial DNA sequences [i.e. 610-bp VT-intergenic
sequences (Ault and Stoner, 1992)] have been reported for
many SC isolates, but the complete genomic sequences of
these isolates remain undetermined. We examined these
sequences to determine if they included SNPs that might be
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used to classify the SC isolates into SC-f and non-SC-f sub-
groups. By aligning the 65 complete SC DNA sequences
(Table 1), we identified one such SNP at nucleotide 2419
(the nucleotide numbering is that of isolate TL-5). All iso-
lates classified into the SC-f subgroup based on complete
sequences (Figure 2) carried A at this polymorphic site,
while all isolates classified as SC-a to -e and SC-x (desig-



6 L. SARUWATARI ET AL.

nated non-SC-f) had G at this position. Based on this SNP,
we subclassified a large number of SC isolates worldwide
into SC-f or non-SC-f subgroups (Table 3).

The findings shown in Table 3 can be summarized as fol-
lows: (1) SC-fisolates predominated in all regions of China,
with only the occasional occurrence of non-SC-f; (2) non-
SC-f isolates predominated in one region of Thailand and
most regions of Myanmar, with the exception of Peinnebeen,
where isolates classified as SC-f were mainly detected; (3)
SC-fisolates predominated in two regions of Vietnam and in
single regions in Malaysia and Indonesia; (4) SC-f isolates
predominated in three islands in the Philippines, although
non-SC-f isolates occurred at lower but significant rates
(£ <0.01 vs. Hanoi and Danang; Fisher’s exact test) in two
islands (Luzon and Cebu) of the Philippines, these were pre-
viously identified as a unique subgroup (SC-x) of the SC
genotype (Miranda et al., 2003; Takasaka et al., 2004); (5)
only SC-f isolates occurred in regions (e.g. southern Africa
and southern Japan) remote from the areas where SC is most
common (i.e. Southeast Asia), although these were detected
at only a low frequency (Sugimoto et al., 1997; Kitamura et
al., 1998); (6) most SC isolates in Guam probably belonged
to the SC-f subgroup, as these had the unique pentanucle-
otide deletion in the regulatory region (see above). In addi-
tion, a single isolate in Hawaii was grouped in the non-SC-f
category based on the SNP analysis, consistent with the phy-
logenetic analysis of the complete viral DNA sequences
described above.

We statistically analyzed the data shown in Table 3 using
the chi-square test with Yates’ correction and Fisher’s exact
test, and found that the distribution of SC-f and non-SC-f in
Thailand and Myanmar was significantly different from that
in the other geographic regions excluding Luzon and Cebu,
the Philippines (P < 0.01). Thus, in general, the results of the
SNP analysis of the 275 SC isolates were consistent with
those from the phylogenetic analysis of 65 complete SC iso-
lates.

Discussion

In this study, we classified 65 SC isolates worldwide into
seven subgroups (SC-a to -f, and SC-x) using a phylogenetic
analysis based on complete DNA sequences, supplemented
by the presence or absence of a unique pentanucleotide dele-
tion in the regulatory region. We then performed an SNP
analysis of 275 reported partial DNA sequences of SC iso-
lates. From the results of these analyses, we conclude that
SC-fisolates are widespread in the world, but that most non-
SC-f isolates are restricted to an area of mainland Southeast
Asia including Myanmar and Thailand (and probably part of
South China), with some exceptions in the SC-x subgroup,
which were found mainly in the Philippines.

Cui et al. (2004) classified many JCPyV isolates detected
in China as Type 7A, and proposed that these isolates repre-
sent one of the typical Chinese JCPyV genotypes. As
described above, most of the Type 7A isolates detected by
Cui et al. belong to the SC-f subgroup, with the exception of
732A. Furthermore, we showed that isolates of the SC-f sub-
group extend over a wide domain, including China and all
Southeast Asian countries, with the eastern edge of this area
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in southern Japan and the western edge in southern Africa.
Therefore, it is now misleading to characterize Type 7A as a
genotype of JCPyV unique to the Chinese population.

SC-fis found over such a wide geographic region that it is
hard to identify a particular region as its area of origin. On
the other hand, most of the non-SC-f isolates of the SC-a to
-¢ subgroups were essentially located in Myanmar and
Thailand, while the SC-x isolates occurred mainly in the
Philippines. Assuming that JCPyV evolved with division of
human populations (Yogo et al., 2004), the present pattern of
distribution of various SC subgroups may be explained as
follows. In an area of Southeast Asia including Myanmar
and Thailand (the circled area in Figure 1), an ancestral
human population carrying proto-SC may have diverged
into various populations, each carrying a distinct variant of
SC (e.g. those carrying SC-a to -f and SC-x). Among these
human populations, only a few (those carrying the SC-f and
SC-x subgroups) migrated out of the area.

Human dispersals in the Pacific are thought to have been
executed mainly by populations carrying three Pacific geno-
types of JCPyV, namely 2E, 8A, and 8B (Jobes et al., 2001;
Yanagihara et al., 2002; Takasaka et al., 2004). However, it
appears that Southeast Asians carrying SC genotypes of
JCPyV also contributed, at least in part, to the dispersals in
the Pacific. For example, the SC-f isolates may reflect
human migrations to the Pacific islands (e.g. Guam) near
mainland Asia (Ryschkewitsch et al., 2000; Jobes et al.,
2001; Takasaka et al., 2004). The detection of SC-x in
Hawaii (Yanagihara et al., 2002), albeit at a low rate, sug-
gests a novel human migration carrying the SC-x subgroup
from island Southeast Asia, as this genotype is relatively
common among modern Filipinos (Miranda et al., 2003;
Takasaka et al., 2004). In addition, Takasaka et al. (2006)
recently detected a new SC subgroup (named SC-g) in Kiri-
bati jslanders at a low but significant frequency. The detec-
tion of SC-g in Kiribati might reflect another human
migration from Southeast Asia. However, the available
information regarding the distribution of SC genotypes in
the Pacific remains fragmentary, and genetic analysis of a
large number of JCPyV isolates from various Pacific islands
is needed to provide further information on the dispersal of
Southeastern Asians into the Pacific.
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Abstract We evaluated the incidence of prophylaxis failure
with aerosolized pentamidine (AP) for Pneumocystis carinii
pneumonia (PCP) in Japanese patients with human
immunodeficiency virus (HIV) infection, and we examined
the short- and long-term effects of AP on pulmonary func-
tion. The patients inhaled 300mg of pentamidine by ultra-
sonic nebulizer, after the inhalation of procaterol (80ug),
every 4 weeks. PCP developed in 2 of 16 patients receiving
primary prophylaxis with AP, and in 4 of 13 patients with
secondary prophylaxis. The CD4" T-lymphocyte count was
very low in the patients with prophylaxis failure. The chest
radiographic presentations were atypical in 4 of the 6
patients with prophylaxis failure. There were no significant
changes in the vital capacity (VC), VClpredictive VC
(%VC), forced expiratory volume in 1s (FEV,,), FEV, /
forced vital capacity (FEV (%), and maximum expiratory
flow rate at 25% of vital capacity (MEF,;)/height comparing
values before and after initial AP treatment. However, a
reduction of oxygen saturation (SpO,) of over 3% was
noted in 4 patients during the initial AP administration. In
9 patients receiving AP prophylaxis for more than 36
months, we compared the pulmonary function parameters
between the baseline and final observations (mean, 52.7
months). There were no changes in VC, %VC, FEV,,
FEV, %, and SpO,, but there was a statistically significant
decline in MEF,/height after long-term AP treatment. We
concluded that the incidence of prophylaxis failure with AP
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for PCP in Japanese patients was similar to that in Western
patients, and that long-term AP treatment affected MEF,/
height in spite of the safe pulmonary effects in short-term
AP inhalation.
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Pneumocystis carinii pneumonia - Pulmonary function -
Human immunodeficiency virus infection

Introduction

Preumocystis carinii pneumonia (PCP) is stili one of the
most common opportunistic infections in human immuno-
deficiency virus (HIV)-positive patients with advanced
immune impairment. Therefore, HIV-infected patients who
have a CD4* T-lymphocyte count of less than 200/pl,
or a history of PCP, should receive chemoprophylaxis
against PCP.! Most clinicians consider trimethoprim-
sulfamethoxazole (TMP-SMX) as the recommended agent
for PCP prophylaxis. However, the prophylactic regimen of
TMP-SMX is frequently discontinued due to various ad-
verse events.” Aerosolized pentamidine (AP) is considered
a second-line prophylactic drug for HIV-positive patients
who cannot tolerate TMP-SMX, because AP has few
systemic adverse effects.

There is still no report about the prophylactic efficacy or
pulmonary effects of AP in Japan. The objectives of this
study were to determine the incidence of prophylaxis
failure, and to evaluate the short- and long-term effects
on pulmonary function in Japanese HIV-infected patients
receiving AP for PCP prophylaxis.

Patients and methods
Patients

Twenty-nine HIV-positive Japanese patients, who received
AP for PCP prophylaxis because of intolerance to TMP-
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SMX, were enrolled between 1990 and 2001. They had no
underlying respiratory disease nor any abnormal findings
on chest roentgenogram at the start of AP therapy. We
prospectively observed the incidence of prophylactic failure
for PCP in these patients. Spirometry (vital capacity [VC],
VC/predictive VC [%VC], forced expiratory volume in 1s
[FEV,,], FEV, f/forced vital capacity [FVC] [FEV,,%], and
maximum expiratory flow rate at 25% of vital capacity
[MEF,;]/height) was performed before and after the initial
AP treatment, and oxygen saturation (SpQO,) was measured
during the first AP administration. Their mean age at start-
ing AP prophylaxis was 38.5 years (range, 18-71 years), and
27 of the 29 patients were males. The risk factors for HIV
infection were intravenous administration of non-heated
blood products in 18 patients, heterosexual transmission
in 10, and homosexual transmission in 1. The mean CD4*
T-lymphocyte count was 58.1/ul (range, 2-178/ul). Sixteen
patients were classified as receiving AP for primary prophy-
laxis because they had had no prior episodes of PCP.
Thirteen patients were categorized as receiving secondary
prophylaxis because they had had a prior episode of clini-
cally diagnosed or laboratory-confirmed PCP.

Nine of the 29 patients received AP for over 36 months
(average, 52.7 months; range, 36-58 months). Their mean
age at the final observation was 41.7 years (range, 28-55
years). All these patients were males. We compared their
pulmonary function test results (VC, %VC, FEV,,,
FEV,,%, MEF,s/height, and SpO,) between the baseline
and final observations at more than 36 months after the
start of AP treatment.

All patients were examined after their informed consent
was obtained.

AP protocol

AP treatments were administered with an ultrasonic
nebulizer (Nesco Ultrasonic Nebulizer UN-70; Aika,
Tokyo, Japan; aerosol particle size, 3-5um). The patients
inhaled 80ug of procaterol hydrochloride for approximately
Smin prior to the inhalation of AP. Then, they inhaled
300mg of pentamidine isetionate dissolved in 10ml
of sterile water over a period of 15 to 30min. They inhaled
the aerosol via a mouthpiece, utilizing spontaneous tidal
volume breathing while sitting upright. AP treatments were
administered every 4 weeks.
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Statistical analysis
The two-tailed paired Student’s i-test was used for the

statistical comparison of continuous variables. A P value of
less than 0.05 was considered statistically significant.

Results
Prophylaxis failure of AP

The total number of prophylaxis failures against PCP in the
29 patients was 6 during a mean follow-up time of 24.5
months (range, 3-82 months). The frequency of break-
through episodes was 2 in the 16 patients with primary
prophylaxis (mean observation time, 27.8 months; range, 6—
82 months) and 4 in the 13 patients with secondary prophy-
laxis (mean observation time, 20.5 months; range, 3-52
months) (Table 1).

PCP developed within 6 months after the start of
AP prophylaxis in four of the six patients. The CD4* T-
lymphocyte count was very low in the patients with prophy-
laxis failure against PCP. The radiographic findings showed
predominantly upper lung field infiltrates in two patients,
diffuse interstitial infiltration in two, bilateral pneumotho-
rax with cystic lesions in one, and predominantly left lung
field infiltrates with pleural effusion in one (Table 1).

Pulmonary function at the initial AP treatment

The VCwas 3844 + 655ml (inean =+ SD) at the baseline and
3784 %= 697ml after AP. The %VC was 101.8 * 13.8%
before AP and 101.1 = 14.3% after AP. The absolute
FEV,, values before and after AP were 3065 = 691 ml and
3065 = 697ml, respectively. The FEV, ;% was 82.6 + 6.3%
at baseline and 82.5 = 5.3% after AP. The MEF,/height
was 0.87 = 0.221/s per m before AP and 0.87 = 0.221/s per m
after AP. There were no significant changes in VC, %VC,
FEV,,, FEV,,%, and MEF,/height comparing values
before and after AP treatment (Fig. 1).

A reduction in SpO, of more than 3% was noted in four
patients (13.8%) during the initial AP treatment. They
could be divided into two groups according to the change of
FEV,, after AP administration. SpO- declined with reduc-

Table 1. Background and chest radiographic presentations in HIV-infected patients with prophylactic failure of aerosolized pentamidine

Case no. Age Sex Prophylaxis Period of AP CD4" count Radiographic findings
(years) (months) (hly

1 30 Male Primary 6 5 Predominantly upper lung field infiltrates

2 32 Female Primary 6 6 Diffuse interstitial infiltration

3 22 Male Secondary 17 11 Bilateral pneumothorax with cystic
lesions

4 25 Male Secondary 3 8 Diffuse interstitial infiltration

5 40 Male Secondary 17 2 Predominantly left lung field infiltrates
with pleural effusion

6 47 Male Secondary 5 3 Predominantly upper lung field infiltrates

AP, Aerosolized pentamidine
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Fig. 1. Changes in pulmonary function comparing values before and
after the initial aerosolized pentamidine treatment. VC, Vital capacity;
%VC, VClpredictive VC; FEV,,, forced expiratory volume in ls;

Fig. 2. Correlation between SpO,
decline (more than 3%) in four
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FEV,,-Sp0,, Oxygen saturation;
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inls
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(Fig. 2).

Pulmonary function after long-term AP treatment

There were no changes in VC, %VC, FEV,,, FEV, %,
and SpO, between the baseline and final observations.
However, there was a statistically significant decline in
MEF,s/height after long-term AP treatment (mean treat-
ment period, 52.7 months; Fig. 3).

10 min 15min afler

before 5 min 10min 15min after

Discussion

Pentamidine is one of a family of guanidine analogues that
were discovered to have antiprotozoal activity. The rate of
adverse reactions is high in patients with intramuscular or
intravenous administration of pentamidine. AP inhalation
has a low incidence of systemic adverse reactions,” because
pentamidine can be nebulized and delivered directly to the
lungs with minimal systemic absorption. Although AP has
not been recommended for the treatment of AIDS-related
PCP, there is considerable evidence about its efficacy in
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Fig. 3. Changes in pulmonary function after longterm aerosolized
pentamidine treatment. VC, Vital capacity; % VC, VC/predictive VC;
FEV,,, forced expiratory volume in 1s; FEV,,%, FEV, Jforced vital

both primary and secondary prophylaxes against PCP.* We
found that the failure rate of primary prophylaxis was
12.5% in the Japanese patients receiving AP, and that the
failure rate of secondary prophylaxis was 30.8%. These
rates are similar to those in previously published reports in
Europe and the United States. The incidence of break-
through PCP in patients using AP for primary prophylaxis
was between 8.6% and 23.0% in previous studies.*® The
failure rates of secondary prophylaxis were between 19.8%
and 36.1% in various reports about long-term follow-up.2"®
On the other hand, TMP-SMX was more effective than AP
therapy in both primary and secondary prophylaxis against
AIDS-related PCP in several trials.>* Therefore, we also
. consider that TMP-SMX should be used as a first-line agent
for PCP prophylaxis in HIV-positive patients.

Wei et al.” showed that a low CD4* T-lymphocyte count
and previous infection with PCP were important risk factors
for prophylaxis failure. We also found that the CD4* T-
lymphocyte count was low, less than 11/ul, in the patients
with prophylaxis failure against PCP, and that the preven-
tion failure rate in the patients receiving AP for secondary
prophylaxis was higher than that for primary prophylaxis.

Several studies reported that the administration of
300mg AP twice monthly was more effective than 300mg
AP once monthly as prophylaxis against PCP.*? In addi-
tion, Yamamoto et al." measured the concentration of pen-
tamidine in the bronchial epithelial lining fluid after the
administration of AP (300mg) to sheep, and they found a
rapid clearance of the inhaled pentamidine from the bron-

chial wall within the first 2 weeks. Therefore, we consider -

that we should select 300mg AP twice monthly for prophy-
laxis against AIDS-related PCP as a standard regimen now.

Chest roentgenograms reveal bilateral interstitial infil-
trates, which'spread from the perihilar region to the lung
periphery in the majority of patients with PCP. However,
atypical roentgenographic presentations are often noticed
in HIV-infected patients receiving AP prophylaxis.
Kennedy and Goetz."” stated that the incidence of PCP-
associated upper lobe disease, cysts, and spontaneous pneu-

capacity, MEF,;, height, maximum expiratory flow rate at 25% of vital
capacity; SpQ,, oxygen saturation; z.s., not significant

mothorax was increased in patients who received AP pro-
phylaxis. We also found that the chest radiographic findings
were atypical in four of six patients with PCP, despite AP
prophylaxis. Therefore, it is necessary for us to thoroughly
understand that the roentgenographic manifestations are
often unusual in patients receiving AP prophylaxis against
AIDS-related PCP.

It has been recommended that patients receive a bron-
chodilator before AP treatment,” because AP commonly
induces bronchospasm and coughing attacks. Therefore, we
administered a procaterol hydrochloride (8,-agonist) inha-
lation as premedication before AP in the present study.
This study showed that there were no significant changes in
pulmonary function parameters (VC, FEV,,, and MEF,,/
height) comparing values between before and after the ini-
tial AP treatment. However, a reduction of SpO, of more
than 3% was noted in four patients during inhalation of AP.
The reduction of SpO, was related to bronchospasm in two
patients. On the other hand, the reason that SpO, tempo-
rarily declined without reduction of FEV,, in the other
patients was unknown. Therefore, we consider that it is
necessary to observe SpO, during the initial AP treatment,
although there are no acute effects of AP on pulmonary
function.

In this study, AP treatment of more than 36 months for
PCP prophylaxis in HIV-infected patients was associated
with a decline of MEF,,/height, which indicated impairment
of the small airways. There were no changes in VC, %VC,
FEV,,, FEV,;%, and SpO, over the long-term period. Wei
et al,"* evaluated pulmonary function in 179 patients re-
ceiving AP for at least 24 months, and they reported
that there was a statistically significant decline in the total
lung capacity, FVC, residual volume, FEV,,, FEV, %, and
MEF, after a mean duration of 23.8 months. Accordingly,
long-term AP therapy may affect pulmonary function.
However, the results in our study were different from those
in the report by Wei et al.," because the pulmonary function
parameters, except for MEF,s/height, did not change in our
study. The main difference between our study and their
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report was the sample size. It might be difficult to recognize
changes in lung function parameters without a large sample
size, because the pulmonary function values after 24 months
were all within the normal ranges in their report. In fact,
there were reports that concluded that long-term AP
therapy did not affect pulmonary function in small cohorts
of patients.”® Camus et al.'’ suggest that the bronchial toxic-
ity and airway irritation may be due to the thiol derivatives
contained in the pentamidine salts or the acidity of the
pentamidine solution. Hiles et al."” histopathologically dem-
onstrated the respiratory toxicity of AP inhalation in rats
and dogs. The long-term pulmonary effects of AP may be
related to repeated bronchial toxicity or airway irritation
over the long period. Further studies should be undertaken
to elucidate the mechanism of pentamidine’s long-term pul-
monary effects. In addition, we should discontinue AP pro-
phylaxis for PCP as early as possible if there is an increase
in CD4" T-lymphocyte count responding to highly-active
antiretroviral therapy in HIV-infected patients with ad-
vanced disease. :

In conclusion, this study showed that the incidence
of prophylaxis failure with AP against PCP in Japanese
HIV-infected patients was similar to that in Western pa-
tients, and that long-term AP treatment affected MEF,s/
height in spite of the safe pulmonary effects in short-term
AP inhalation.
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