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" Table 4. Adverse events

Time of
. Causal
Adverse event Severity onset relationship Outcome
(day}
Drug-induced skin rash Resolved 2 days after withdrawal of study
(neck, upper arm, thigh} Moderate 8 Probable medication.
Study medication was continued. The symptom
Soft stool Mild 8 Possible was normalized by treatment with an intestinal
Ciprofloxacin remedy.
13.5% Diarrhea, melena Symptoms resolved 6 days after withdrawal of
(5/37 cases) | (hemorrhagic enteritis) Moderate 5 Probable study medication.
. . Values were normalized at 12 days after
Increased GOT and GPT Mild 12 Possible withdrawal of study medication,
Sensation of chest heat . Study medication was continued. The symptom
(only on Day 2) Mild 5 Probable | olved without additional treatment.
. . . . Abnormality improved 12 days after withdrawal
Hepatic dysfunction Mild 4 Possible of study medication.
Lo . . . Abnormality improved 16 days after withdrawal
Hepatic impairment Mild 7 Possible of study medication,
Ca.rtlagng{r:em Pseudomembranous Mild g Obvious Resolved after 3 days of treatment with VCM
(5/41 'cases) enterocolitis following withdrawal of study medication.
Fever and aggravated . Improved 2 days after withdrawal of study
inflammation Moderate 5 Possible medication without additional treatment.
. . Abnormality occurred at end of treatment and
Increased GOT Mild 9 Probable normalized without additional therapy.

Ciprofloxacin vs carbapenem p=0.869 (not significant, chi-square test)

VCM: vancomycin
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Clinical efficacy of ciprofloxacin in patients with respiratory
tract infection refractory to penicillin or cephem:
carbapenem-controlled clinical study

Shigeru Kohno", Katsunori Yanagihara”, Kazunori Tomono®, Shingo Ameshima®,
Yoshiki Demura®, Takeshi Ishizaki”, Kazuhiro Yamaguchi”, Hideo Watanabe”,
Hiroki Tsukada®, Eiichi Suzuki” and Fumitake Gejo”

"Division of Molecular and Clinical Microbiology, Department of Molecular Microbiology and Immunology,
Nagasaki University Graduate School of Medical Sciences, 1-7-1 Sakamoto, Nagasaki, Japan

?Division of Infection Control, Osaka University Graduate School of Medicine

¥Third Department of Internal Medicine and * Department of Fundamental Nursing,
School of Nursing, University of Fukui

*Department of Internal Medicine, Keio University, School of Medicine

#Division of Clinical Infection Control and Prevention, Niigata University
Graduate School of Medical and Dental Sciences

"General Medicine, Niigata University Medical and Dental Hospital

Background: Since an injectable new quinolone, ciprofloxacin (CPFX} was approved for clinical use in Japan,
it has attracted attention as a new treatment option for infection. The clinical position of CPFX has yet to be es-
tablished, however.

Objectives: To clarify the clinical position of CPFX in the treatment of respiratory tract infection.

Patients and Methods: Patients with pneumonia or exacerbated chronic respiratory tract infection refractory
to penicillin or cephem antibacterial agents were randomized to be administered CPFX by intravenous infusion
{300 mg bid) or carbapenem by intravenous infusion (0.3-0.5 g bid), and the efficacy, safety, duration of hospi-
talization, and duration of antibacterial therapy were compared between groups.

Results: Among 83 patients enrolled in the study. 78 complying with the protocol were evaluated for safety
{safety analysis set) and 68 for efficacy (efficacy analysis set) . The two groups were similar in age, gender ratio,
infection diagnosis and severity, and prior antibacterial therapy. Efficacy was comparable between groups, at
82.7% (24/29 patients) in the CPFX group and 71.0% (22,31 patients} in the carbapenem group. The number
of patients who improved early and could cease treatment with the study drug was greater in the CPFX group (p
<0.05). No significant difference was noted between groups in duration of hospitalization or duration of ther-
apy. The incidence of adverse drug reactions (adverse events for which a causal relationship to the study drug
could not be ruled out) was 13.5% {5/37 patients) in the CPFX group and 12.2% (5/41 patients) in the carbap-
enem group, and none in either group experienced serious adverse reactions.

Discussion: In patients with respiratory tract infection refractory to penicillin or cephem antibiotics, CPFX
showed at least comparable clinical efficacy to that of carbapenem and achieved a higher early improvement
rate. These results suggest that CPFX is a viable option for the treatment of respiratory tract infection.
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A CASEOF ADULT STILL'S DISEASE ASSOCIATED WITHACUTE HUMAN PARVOVIRUS B19 INFECTION
TAKASHI HARADA et al: Div, of Clinical Nephrol. and Rheumatol. Niigata Univ Graduate Sch.of Medical and Dental Sciences
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Delayed HIV-1 Infection of CD4* T Lymphocytes
from Therapy-Naive Patients Demonstrated by
Quantification of HIV-1 DNA Copy Numbers
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Abstract: Measuring the amount of HIV-1 DNA in infected cells is important to estimate the size of the viral
reservoir in patients. However, the clinical impact of the intracellular viral DNA level remains unclear, The
present study examines the clinical significance of the HIV-1 DNA level in peripheral CD4* T lymphocytes
from 21 therapy-naive patients. HIV-1 DNA levels in purified peripheral CD4* T Iymphocytes were mea-
sured by the real-time PCR method using the Roche LightCycler system that can detect 200 copies/10*
cells. We detected intracellular HIV-1 DNA in 15 (71.4%) of 21 patients at levels ranging from 270 to
98,120 copies/10° CD4* cells, with a median of 2,220 copies/10° cells. We also found HIV-1 DNA that was
below the detection limit in the remaining 6 patients, although 8,800-150,000 copies/ml of HIV-1 RNA were
detected in plasma. Circular HIV-1 DNA was not detected in 5 of 6 cases, suggesting that reverse tran-
scription in CD4* T lymphocytes of these cases was not active. Thus, delayed HIV-1 infection of CD4* T
lymphocytes was demonstrated in these patients. The level of HIV-1 DNA in peripheral CD4* T lympho-

cytes indicates the clinical status of therapy-naive patients.

Key words: Delayed HIV-1 infection, Therapy-naive, Real-time PCR, HIV-1 DNA

Human immunodeficiency virus type 1 (HIV-1) effi-
ciently and continuously replicates itself after inserting
its genome into the DNA of host cells. Such active
viral replication correlates directly with disease pro-
gression and patient survival (11). Therefore, the HIV-1
RNA level in plasma directly reflects viral replication
and has become a powerful prognostic tool (14).

Highly active antiretroviral therapy (HAART) that
basically includes combinations of nucleoside or non-
nucleoside inhibitors of reverse transcriptase (RT) and a
protease inhibitor(s) can significantly reduce plasma
HIV-1 RNA to below detectable levels. However, even
after years of HAART treatment, cells harboring repli-
cation-competent HIV-1 can still persist in the blood
and lymphoid tissues (3-5, 8, 9, 18, 19). This persistent
reservoir of infected cells is the major impediment to
HIV-1 eradication. Therefore, it is important to esti-

*Address correspondence to Dr. Tsuguhiro Kaneda, Clinical
Research Center, Nationa! Hospital Organization Nagoya Med-
ical Center {Tokai Area Central Hospital for AIDS Treatment
and Research), Sannomaru 4-1-1, Naka-ku, Nagoya, Aichi
460-0001, Japan. Fax: +81-52-955-1878, E-mail: kanedat@
nnh.hosp.go.jp
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mate the viral reservoir and to study its dynamics by
measuring intracellular HIV-1 DNA levels. However,
the clinical significance of intracellular HIV-1 DNA
levels remains unclear.

Real-time PCR can treat many samples in a short
period, making it useful for studying intracellular HIV-1
persistence (6, 7). In this report, we first validated the
real-time PCR method and then successively measured
intracellular HIV-1 DNA levels in 21 therapy-naive
patients. We specifically aimed to determine the status
of HIV-1 infection in patients carrying a detectable
plasma viral load, but whose CD4* T lymphocytes were
minimally infected.

Materials and Methods
Fatients. Twenty-one therapy-naive HIV-1-infected

patients who underwent initial consultation at Nagoya
Medical Center, Japan, were enrolled in this study. The

Abbreviations: B2M, B.-microglobulin; HAART, highly active
antiretroviral therapy; HIV-1, human immunodeficiency virus
type 1; RT, reverse transcriptase.
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quantification of HIV-1 was performed after informed
consent was obtained.

Measurements of plasma viral load and CD4 cell
counts. Viral load was measured using an Amplicor
HIV-1 monitor v1.5 system (Roche Diagnostics,
Tokyo). CD4 cell counts were performed by flow
cytometry with FACSCalibur (Becton Dickinson,
Tokyo} using anti-CD4 antibody (DakoCytomation,
Kyoto, Japan).

Purification of CD4-positive lymphocytes and DNA
extraction, CD4" lymphocytes were isolated by Stem-
Sep column chromatography (Stem Cell Technologies,
Vancouver, BC, Canada). Collected cells were washed
and resuspended in phosphate-buffered saline. DNA
was extracted using QlAamp DNA Blood Kits (QIA-
GEN, Tokyo).

Preparation of HIV-1 DNA and f2M DNA assay
standards. A standard HIV-1 plasmid (pUC-IIIB) was
constructed by cloning one copy of HIV-1 IIIB without
LTR into pUCI118 (TaKaRa, Shiga, Japan). A human

»-microglobulin  (B2M) standard plasmid (pGEM-
32M) was constructed by cloning one copy of f2M
exon 2 to pGEM-T (Invitrogen, Tokyo).

Quantification of HIV-1 DNA by real-time PCR. We
designed PCR primers and a 7TagMan probe for HIV-1
DNA based on the HIV-1 subtype B consensus
sequence (database of Los Alamoes National Laborato-
ry). The amplification primers were located in the gag
region: forward primer (Gag 1), 5-CAAGCAGCCATG-
CAAATGTT-3’ and reverse primer (Gag 2), 5-GCATG-
CACTGGATGCAATCT-3". The TagMan probe has the
sequence 5-FAM-TCCATTCTGCAGCTTCCTCATT-
GATG-TAMRA-3". Copy numbers of the f2M gene
were determined using the primers, 5-CAGCAAG-
GACTGGTCTTTCTATCTCT-3' and 5-ACCCCACT-
TAACTATCTTGG-3°, with the TagMan probe, 5*
FAM-CACTGAAAAAGATGAGTATGCCTGCCGT-
GT-TAMRA-3".

Real-time PCR proceeded using an LC Fast Start
DNA master mix hybridization probe kit (Roche Diag-
nostics). The PCR mixtures contained 60 ng of DNA
extracts, 2 pl of DNA master mix, 5 mm MgCl,,
primers (500 nM each) and the TagMan probe (400 nm)
in a total volume of 20 pl. Cycling parameters consisted
of denaturation for 10 min at 95 C followed by 45
cycles of 10 sec at 95 C and 30 sec at 60 C. The auto-
mated LightCycler system performed the amplification,
as well as data acquisition and analysis.

Determination of HIV-1 subtypes and tropisms. We
determined the nucleotide sequence of the V3 region of
the env gene to classify the HIV-1 subtype and tropism
as described (10, 17).

Sequencing HIV-1 gag region. Nucleotides contain-

ing the region amplified by real-time PCR were ampli-
fied by nested PCR using the external primers gag(3
{5-AAAACATATAGTATGGGCAA-3") and gag0S5 (5™
GGGCTATACATTCTTACTAT-3') and the internal
primers gag06 (5-“GATAGAGGTAAAAGACACCAA-
3" and gagl4 (5-TAGGTGGATTGTTTGTCATC-3").

The DNA in both reactions was denatured for 5 min
at 95 C followed by 30 cycles of 30 sec¢ at 95 C, 30 sec
at 50 C and 1 min at 72 C and a final extension for 7
min at 72 C. The DNA was amplified in a total volume
of 50 pl containing 1X LA Tuag buffer (TaKaRa), 2.5
my MgCl,, 0.1 mM each dNTP, 400 nM each primer,
and 1 U LA Tag DNA polymerase (TaKaRa), Genomic
DNA (60 ng) was amplified by the first PCR, and 5 pl
of this mixture was applied to the nested reaction.

Both sense and antisense strands of PCR products
were sequenced directly using BigDye Terminator
Sequencing Kits and an ABI PRISM 310 automatic
sequencer (Applied Biosystems, Tokyo).

The sequences of the PCR products were deposited in
the DNA Data Bank of Japan (accession numbers
ABI154280 through AB154297). '

Detection of unintegrated circular HIV-1 DNA. Unin-
tegrated circular HIV-1 DNA was amplified by nested
PCR using C1R1 (5-“GACCTCAGGTACCTTTAAGA-
3" and CIR2 (5-GCTTAATACTGACGCTCTCGC-3")
primers in the first reaction, and C3R1 (5-GGGAGC-
TTTAGATCTTAGCC-3") and C3R2 (5-CCTTCTAG-
CCTCCGCTAGTC-3") primers in the nested reaction,

The conditions and PCR mixture components were
identical to those used for HIV-1 gag sequencing,
except Tag DNA polymerase (Roche Diagnostics) was
substituted for LA Tagq polymerase.

Results

Accuracy, Reproducibility and Sensitivity of HIV-1 DNA
Ounantification Using LightCycler

Table 1 shows the validation data obtained using
latently HIV-l-infected ACH2 cells containing one
provirus per cell. The interassay CV% was 7.1, 11.7,
50.7 and 71.9 at 10°, 1%, 5 and 2 copies, respectively.
The accuracy (%) values of the corresponding experi-
ments were 100.4x7.1, 101.2+11.9, 101.2+51.3 and
69.7£50.1, respectively. The intra-assay reproducibility
of HIV-1 copy numbers was determined as shown in
Table 1. When pUC-IIB standard plasmids were the
HIV-1 DNA source instead of ACH2, the accuracy and
reproducibly of HIV-1 DNA measurements were identi-
cal (data not shown). These results show that quantifi-
cation of HIV-1 DNA with LightCycler can be per-
formed with high sensitivity and reproducibility. Data
were normalized as copies/10° cells by measuring copy
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Table 1. Accuracy and reproducibility of real-time PCR assay using LightCycler system

HIV-1 DNA Intra-assay (n=5) Interassay (n=15)
(copies/1{F cells) Mean*SD CV%  Accuracy (%) Mean*SD  CV%  Accuracy (%)

10,000 9,548+321 5.2 95.5%3.2 10,048+712 7.1 100.4x7.1
1,000 94448 5.1 94.4+48 930+67 7.2 93.0x6.7

100 94+5 4.7 94.0+4.5 10112 11.7 101.2+119

50 49+7 13.0 98.4+45 53+7 13.1 106.9£14.0

10 1112 14.0 1069%12.0 12£3.1 259 118.7%£30.8

5 46*1.8 383 91.8*35.2 5.1x2.6 50.7 101.2+51.3

2 1.2+0.5 453 58.6x26.6 14+1.0 71.9 69.7+50.1

Table 2. HIV-1 DNA level of 21 therapy-naive HIV-1-infected patients

Patient No CD4 cellcount  Plasma HIV-1 RNA HIV-1 DNA” Detection of circular Subtype
) (cells/ul) {copies/ml) (copies/10° cells) HIV-1 DNA
1 602 1,200 1,070 - B
2 208 1,600 270 +° B
3 388 8,800 <DLY - B
4 350 13,000 <DL¥ - C
5 292 18,000 <DL*» - B
6 295 20,000 2,440 +4 E
7 542 33,000 3,600 - B
8 329 35,000 <pDL* - B
9 715 44,000 450 +4 B
10 281 50,000 10,800 +* B
11 441 54,000 1,440 - B
12 283 70,000 2,220 +4 B
13 330 92,000 300 - B
14 619 93,000 <pDLY — B
15 116 110,000 15,290 + B
16 98 120,000 98,120 +a B
17 229 150,000 <DL?» +< B
18 527 210,000 1,930 +4 B
19 49 210,000 2,870 +° B
20 307 250,000 1,620 +4 B
21 21 430,000 33,240 + B
Median 307 54,000 2,220
(range) (21-715) (1,200-430,000) (<DL-98,120)

“ Average values of HIV-1 DNA assayed in duplicant.

 Below limits of detection.
91 and 2LTR circular DNA.
9 1LTR circular DNA.

numbers of the B2M gene since two B2M copy numbers
correspond to one cell. Since 10* cells were usually
used in one assay, we defined the lower limit of detec-
tion as 200 copies/10° cells.

Total HIV-1 DNA Copy Numbers in CD4* T Lympho-
cytes from Therapy-Naive Fatients

We determined the intracellular HIV-1 DNA in 21
therapy-naive HIV-1-infected patients. Fifteen (71.4%)
of the 21 patients had HIV-1 DNA levels ranging from
270 to 98,120 copies/10° CD4" cells, with a median of
2,220 copies/10° cells (Table 2). Amounts of HIV-1
DNA were below the limits of detection in the remain-

ing 6 patients (patients 3, 4, 5, 8, 14 and 17).
The HIV-1 subtypes were B (n=19), C (n=1, patient
4)and E (n=1, patient 6).

Matching of Primers and TaqMan Probe

To eliminate the possibility that the low HIV-1 copy
number was underestimated because of mismatching,
we analyzed the nucleotide sequences of HIV-1 DNA
from 6 patients containing the same regions as the
primers and the TagMan probe region (Fig. 1). The
Gag 1 region cormresponding to the forward primer did
not contain any mutations in patients 3, 5 and 8 with
undetectable levels of HIV-1 DNA. However, we iden-
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tified one mutation (C-T) in the center of this region in
patients 4, 14 and 17. In the Gag 2 region, all patients
had some mutations, however, none of them were locat-
ed at the 3-OH end. In the TagMan probe region, we
identified no mutations in 4 of 6 patients (4, §, 14 and
17), and one in the remaining 2 patients (3 and 5). We
estimated that these mutations were not critical to the
real-time PCR reaction because of their positions.
Sequencing the HIV-1 DNA from patients with high
levels revealed the same or similar nucleotide muta-
tions. We concluded that the low levels of HIV-1 DNA
found in the 6 patients were not false-negative values.

Relationship between Intracellular HIV-1 DNA Levels

and CD4* Cell Count or Plasma Viral Load
A negative relationship was observed between intra-

A) HIV=1 DNA level <DL

cellular HIV-1 DNA levels and CD4" cell count
{R=0.483). The tendency was the same {(P=0.033,
Kruskal-Wallis test) when the 21 patients were classified
into 3 groups (L, <200; IM, 200-350 and H, >350
cells/pl) (Table 3). On the other hand, a positive rela-
tionship between intracellular HIV-1 DNA levels and
plasma viral load was observed although the associa-
tion was quite weak (R=0.287). The Kruskal-Wallis
test showed no correlation between them (P=0.125).

Detection of Unintegrated Circular HIV-1 DNA

We further investigated whether T lymphocytes from
6 patients were minimally infected with HIV-1 by
detecting circular HIV-1 DNAs that are sensitive mark-
ers of early HIV-1 infection (2, 12, 13). Figure 2 shows
the results of agarose gel electrophoresis. We detected

Gag 1 TagMan Proba Gag 2
B consensus CAAGCAGGCATGCAAATGTTAAAAGAGACGATOAATGAGGAAGCTGGAGAATGGGAI AGATTGCATCCAGTGCAGGH
patient3  F. .. .. ..ol AL A [
patient4* |- .. ... .. L st O B I [
patient3 ). - ... ... g . [+ G.A. ... T
patient8 | .. ... AL AT
patient 14 ). . ... . - . T, oo A e e C......
patient 17 | . .. . . .. T e..Aa o Ao e T.
B) HIV-1 DNA level >DL
Gag 1 TagqMan Probe Gag 2

8 consensus CAAGCAGOCATGCAAATGTTAAAAGAGACGATGAATGAGGAAGCTGGAGAATGGGATAGATTGOATCGAGTGCAGGC
patient 1 | - . oo e B < T T
patient 2 | .- ... oo LG . e AL e T
patisnt 6 | - - - .. .- L S [ e P - T
pationt & | . ... e e e e e C.... ... T
patiert 10 |. .. ... ... AL A e e [~
patient 11 |- . . ... .. ... ..o Y et B T T S R
patient 12 |. . . ... . e [+ R T [P T.
patient 13 .- - oo F S 1 S N C...-.. .. T.
patient 15 | - - .. ... gd. . T.
patient 18 . .. . o e LG T
patient 20 | . ... ..o LG T.
patient21 | .. ... ... Q. e e T.

Fig. 1. Nucleotide sequence of amplified region by real-time PCR. Sequences of forward primer (Gag 1). TagMan probe, and reverse
primer (Gag 2) used for HIV-1 DNA quantification are boxed. Mutations in these areas are shown by capital letters corresponding to

those of mother sequences. *: subtype C, *#: subtype E.

Table 3. Levels of HIV-1 DNA according to CD4" cell count or plasma VL category

Caregories

No. of patients
tested

HIV-1 DNA
{copies/10° CD4" cells)

CD4' cell count (cells/ul)
<200
200-350
=350

Plasma HIV-1 RNA (copies/ml)

24,270 (2,870-98,120)%
1,920 (<DL-10,800)*
1,440 (<DL-3,600)*

<50,000 9 1,070 (<DL-3,600)**
50,000-100,000 5 1,830 (<<DL-10.800)**
>100,000 7 9,080 (<DL-98.120y**

*. p=0.033, **: P=0,125 (Kruskal-Wallis test).
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on¢ LTR-circular HIV-1 DNA with or without two
LTR-circular types in 11 of 15 patients in whom real-
time PCR showed that intracellular HIV-1 DNA levels
were detectable. However, no circular HIV-1 DNA was
detected in the remaining 4 patients who were judged
positive by real-time PCR (Table 2). In contrast, as pre-
dicted, no circular form HIV-1 DNA was detected
among the patients who were judged negative by real-
time PCR except patient 17. Circular HIV-1 DNA was
detected at a rate of 100% in the group with the highest
plasma viral load (>>10° copies/ml), with the lowest
CD4" cell count (<200 cells/ul), and with the highest
intraceilular HIV-1 DNA levels (>10* copies/10° cells)
(Table 4).

Discussion

We measured HIV-1 DNA copy numbers in CD4* T
lymphocytes from 21 therapy-naive patients using real-

A)HIV-1 DNA <DL

Paticat
3 4 5 8 14 1TNCPC

— ILTR circles
“— | LTR circles

B) HIV-1 DNA>DL

Paticat
1T 1 & 7T 9 10 121315 156 18 19 20 21 NCPC

— ZLTR circhs
— FLTR circies

Fig. 2, Detection of unintegrated 1LTR and 2LTR circular HIV-1
DNA in 21 therapy-naive patients. Molt4 cells were used as neg-
ative control (NC) and Molt4-IIIB cells persistently infected
with HIV-1 I1IB were used as positive control (PC). Products of
PCR electrophoresed in 1% agarose gels were visualized by
staining with ethidium bromide.

time PCR with the Roche LightCycler system. The
lower limit of detection was 200 copies/10® cells. The
intracellular HIV-1 DNA copy numbers ranged from
below detectable levels to 98,120 copies/10° cells. This
distribution was similar to those reported by Désiré et al.
(7), Andreoni et al. (1) and Riva et al. (15). Although
the number of patients studied might be insufficient to
statistically determine an association between plasma
HIV-1 viral load and levels of HIV-1 DNA, we identi-
fied a weak positive relationship. The key point was
the demonstration of the presence of CD4" T lympho-
cytes containing a minimal level of HIV-1 DNA in 6 of
21 therapy-naive patients despite high levels of viral
load ranging from 8,800 t0150,000 copies/ml. There-
upon, we evaluated the tropism of plasma HIV-1 RNA
of these viruses by sequencing the env V3 region. In all
cases, the determined tropism was M-tropic suggesting
that viral replication is actively ongoing in target cells of
M-tropic HIV-1. In contrast, HIV-1 infection in CD4* T
lymphocytes was not widely established. Current belief
is that M-tropic HIV-1 predominantly replicates in
patients at the first stage of infection, followed by an
increase in T-tropic HIV-1 variants as reported by
Schuitemarker et al. (16). According to this model, the
very low level of HIV-1 DNA in the CD4" T lympho-
cytes found in this study might reflect the infection
stage where almost all CD4™ T lymphocytes remain
free from HIV-1. Circular HIV-1 DNA was unde-
tectable in most such patients, supporting this notion
because this molecular species of HIV-1 DNA reflects
active reverse transcription and replication.

From this viewpoint, the HIV-1 DNA copy number in
CD4* T lymphocytes could be a new indicator of the
clinical status of HIV-1 infection in therapy-naive
patients. In addition, the delayed HIV-1 infection of
CD4" T lymphocytes could provide new insights into
anti-HIV-1 therapy. Selective therapy against M-tropic

Table 4. Detection rate of circular HIV-1 DNA in therapy-naive patients classified as three categories

Categories Detection rate of circular HIV-1 DNA
CD4" cell count (cells/ul)

<200 4/4 (100%)

200-350 6/10 (60%)

>350 2/7 (28.6%)
Plasma HIV-1 RNA (copies/ml)

<50,000 3/9 (33.3%)

50,000-100,000 2/5 (40.0%)

>100,000 717 (100%)
Intracellular HIV-1 DNA (copies/10° cells)

<DL 1/6 (16.7%)

200-10,000 711 (63.6%)

>10,000 4/4 (100%)
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HIV-1 might retard HIV-1 infection of CD4* T lympho-
cytes, delaying or preventing subsequent formation of a
lymphocytic HIV-1 reservoir.

This study was partly supported by Health Science Research
Grants for HIV/AIDS (H15-AIDS-015 to TK) and Grants for
Collaborative Study of National Hospitals for AIDS Treatment
(Pub12-2 and Publ4-t to TK). K. Wada was and H. Nagai is a
research resident of the Japanese Foundation for AIDS Preven-
tion.
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The pharmacokinctic parameters of lopinavir (LPY) were examined by administering Kaletra (LPV+riton-
avir) to 8 healthy Japanese volunteers both in the fasting and postprandial conditions, LPV showed a biphasic
decline, which was slower in the initial phase and became more rapid in the later phase. The behavior of LPV in
the initial phase could be modeled using a one-compartment model with first-order absorption. In the fasting
study, calculations based on the pharmacokinetic model revealed that the time to reach the maximum concentra-
tion (T ,,), maximum concentration (C,,,,), half-life (T,,), lag time, apparent volume of distribution (Vd/F) and
oral clearance (CI/F) were 3.2x1.0h, 6.9£1.9 ug/ml, 10.0£3.7h, 0.71x0,32 h, 51.0+12.41 and 4.2%2.6V/'h, re-
spectively. On the other hand, in the postprandial study, the calculated T,,,, C,.,,» Ty, lag time, Vd/F and ClI/F
were 5.6x2.0h, 7.6 1.8 pp/ml, 16.7£7.0h, 2.35+0.78 h, 48.0+£15.91 and 2.1+0.6 'k, respectively. The values for
the area under the curve for data collected over a 24-h period (4UC,,,) in the fasting and postprandial studies
were 86.0227.7 and 102,1£31.0 yg-h/ml, respectively. The 7, had a tendency to be prolonged after food intake,
but there were 2 cases with shortened T,,. Food intake prolonged the lag time 3-fold and as a result, the post-

prandial T,,, was 2 times longer.

" Key words lopinavir; ritonavir; pharmacokinetics; human immunodcficiency virus (HIV)-1; fasting study: postprandial study

Kaletra is a co-formulation of two human immunodefi-
ciency virus (HIV) protease inhibitors, lopinavir (LPV) and
ritonavir (RTV). LPV is mainly metabolized by cytochome
P-450 (CYP) 3A."? On the other hand, RTV inhibits the
CYP3A-mediated metabolism of LPV, resulting in higher
plasma levels of LPV than when LPV is administered alone,
and is followed by a dramatic increase of the area under the
plasma concentration versus time curve (AUC)."

Presently in Japan Kaletra is used as a salvage therapy
for many HIV-infected patients with multidrug resistance. In
spite of the fact that Kaletra was approved for use in Decem-
ber 2000 in Japan, there is no Japanese pharmacokinetic data
for the co-administration of LPV with RTV. It is easy to
speculate that the pharmacokinetics of LPV co-administered
with RTV will be complex since the metabolism of LPV is
affected by factors such as concurrent use of antiretroviral
compounds, food, body weight, concomitant drug use, ete.*®
In this report, we tried to evalvate the pharmacokinetic para-
meters of LPV. Healthy Japanese volunteers were orally ad-

ministered a single normal dose of Kaletra soft capsules .

under both fasting and postprandial conditions in order to
measure longitudinally the plasma concentrations of LPV
and RTV.

MATERIALS AND METHODS

Chemicals LPV, RTV and the internal standard (IS),
(55,85,108,115)-9-hydroxy-2-cyclopropyl-5-(1-methylethyl}-
1-[2-(1-methylethyl)-4-thiazolyl]-3,6-dioxo-8,11-bis(phenyl-
methyl)-2,4,7,12-tetraazatridecan-13-oic  acid, 5-thiazolyl-
methyl ester, were generously provided by Abbott Laborato-
rics (Abbott Park, IL, US.A.). Ethanol, ethyl acetate, n-
hexane, acetonitrile and methanol were purchased from

* To whom correspondence should be addressed.

e-mail: kanedat{@nagoya hosp.go.jp

Katayama Chemical (Osaka, Japan). Trifluoroacetic acid
(TFA) and tetramethylammonium perchlorate were pur-
chased from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan).

Study Group Eight healthy Japanese volunteers (2 fe-
males and 6 males) aged 28 to 52 years were enrolled in the
study (Table 1). None of the subjects were excessively over-
weight/obese or lean. All volunteers participated in the fast-
ing study and seven of them participated in the postprandial
study. Written informed consent was obtained from all vol-
unteers.

Study Design Three Kaletra soft capsules (400 mg LPV/
100 mg RTV) were administered to volunteers under fasting
or postprandial conditions. In the fasting study, the volun-
teers fasted for at least 12 h before drug administration. The
meal for the postprandial study contained approximately
530kcal and 20 g of lipid. The volunteers consumed the meal
in the morning and tock the drug 30 min after they finished
eating. Blood samples were obtained at 1, 2, 3, 4, 6, 8, 12,
18, 24 and 30 h after drug administration. The blood samples
were centrifuged at 2800X g for 5 min to separate the plasma.

Table 1. Background of Volunicers
Subjeet Sex Age Weight (kg)
A M 52 62
B M 42 57
C M 43 63
D M 40 66
E F 43 39
F M 28 66
G M 35 70
H F 35 51

M, male; F, female.

© 2004 Pharmaceutical Society of Japan
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The plasma samples were stored at —80°C until analysis,
The duration between the fasting and postprandial studies
was over | month,

Extraction of LPV and RTV from Plasma Samples
Two milliliters of ethyl acctate/n-hexane (50/50, v/v) contain-
ing the [$ and 1 ml of 0.5 M sodium carbonate were added to
_ 500 11 of the plasma sample. The mixture was vortexed and
centrifuged at 2800Xg for 5 min. The clear supernatant was
transferred to a clean glass tube, evaporated to dryness and
redissolved in a 200 ul mobile phase solution. Then, 500 ul
of n-hexane was added to the solution, vortexed and cen-
trifuged at 2800Xg for S min. Forty microliters of the lower
solution was injected into the HPLC.

Chromatographic Assay of Drugs The HPLC system
consisted of a Waters 510 pump, 484 tunable absorbance de-
tector, 741 data module and WISP 710B auto sample proces-
sor. The analytical column was a Radial-Pak Nova-Pak C;
column (4 gm, 8X 100 mm, Waters). A Waters Nova-Pak C;
Guard-Pak Insert precolumn was used to protect the column.

The mobile phase solution was composed of acetonitrile/
methanol/0.01 M tetramethylammonium perchlorate in 0.1%
TFA (50/5/45, viviv) and pumped at a flow rate of 1.5
ml/min. Absorbance was monitored at a wavelength of
205 nm. Drugs were quantified by determining the ratio of
the peak area to the IS. The details have been reported in a
previous study.”

Data Analysis Pharmacokinetic parameters were calcu-
lated using a nonlinear least square method program MULTI
which was developed by Yamaoka et al.¥ A r-test was used to
compare the parameters. A p value of <0.05 was considered
statistically significant.

RESULTS

Figure 1 shows the plasma concentration profiles of LPV
and RTV in the fasting study. In all individuals, LPV ap-
peared in the plasma at 1h after administration, reached a
maximum concentration (C_,,) between 2 and 4h, and then
gradually decreased. In three cases (subjects A, C and E) the
concentrations observed at 30 h were less than the 0.1 gg/ml
detection limit. The decrease seen from 12 or 18h was also
more rapid in these cases. Similar to LPV, RTV concentra-
tions reached C,_, at 2 to 4h after administration although
concentrations above the detection limit at 1 h were only ob-
served in two of eight individuals. Additionally, the RTV
concentrations dropped below the detection limit at 6h in
two cases and at 8h in one case. The plasma concentration
versus time curve of RTV also was found to differ extremely
from person to person.

Figure 2 shows the plasma concentration profiles of LPV
and RTV in the postprandial study. LPV appeared in the
plasma at 2h after drug administration in six out of seven
cases. The plasma concentration versus time curves of LPV
plotted over a 24-h period were shifted to the right by 1—2h
as compared with those seen in the fasting study. However,
differing from the fasting study, the plasma concentrations of
LPV decreased rapidly after 24h and were below the
0.1 ug/m! detection limit at 30 h after the initial drug admin-
istration in all cases, The plasma concentration versus time
curves of RTV were also shifted to the right by 1—2h as
compared to those seen in the fasting study.
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Figure 3 shows the profile of the mean plasma concentra-
tion of eight individuals in the fasting and of seven in the
postprandial study for each time point. In both the fasting
and the postprandial studies, plasma concentrations of LPV
showed a biphasic decline. However, these curvatures were
completely different from the standard two-compartment
model. The decline was slower in the initial phase until 12h
after drug administration and became more rapid in the later
phase from 12h on. To estimate the pharmacokinetic para-
meters, we used the MULTI program to search for a model to
fit the data. The Akaike information criterion (AIC) value®
was used as the index for fitting the curve. The fitness for the
two-compartment model with first-order absorption was
found to be inadequate, especially for the time points ob-
tained later than 12h after drug administration. A one-com-
partment model with a first-order absorption did fit the data
up vntil the 12-h time point. Elimination rate constant (ke),
absorption rate constant (ka), C,,,,. half-life (T}, the time to
reach C_,. after administration (T,,,). apparent volume of
distribution (Vd/F) and oral clearance (CI/F) were calculated
using data collected from 0 to 12 h after drug administration,
AUC was calculated with data collected from 0 to 24h
(AUC,,,) by using the trapezoidal method.

Table 2 shows the pharmacokinetic parameters for LPV
that were obtained in this study and from previously reported
data in American test subjects.” In the fasting study the phar-
macokinetic parameters (mean+38.D.) were T_,,=3.2*1.0h,
Co0=69%19ug/ml, T,,=100%3.7h, lag time=0.71%*
0.32h, VdiF=51.0%£12.41 and CliF=4.2%x2.6 Vh. The AUC,,,
calculated by the trapezoidal method was 86.0x27.7
Hg-h/ml. On the other hand, in the postprandial study the
pharmacokinetic parameters (mean*8.D.) were 7, =5.6%
2.0h, C, ., =76x18ug/ml, T,,=167£7.0h, lag time=
2.35*0.78h, Vd/F=48.0x1591 and Cl/F=2.1%0.61/h. The
AUC,,, was 102.1+31.0 ug-h/ml.

Parameters for each individual in the fasting study were
compared with those in the postprandial study (Fig. 4). There
were no statistically significant differences in the C,,, T\,
AUC,,, and Vd/F between the fasting and the postprandial
studies, However, the influence of food intake on T, was un-
usual, We found that food intake shortened the T, by 3—4h
in two cases, but prolonged it by 4.5—15h in the five other
cases. Food intake prolonged lag time by 0.5—2h in all
cases (p=0.001). As a result, the postprandial T, ,, was also
prolonged by a mean of 2.4h (=0.039). The C¥/F was de-
creased by foed intake except in one case.

Concerning the T, the fasting and postprandial T, were
10.0+3.7 and 16.7+7.0h, respectively. In contrast, the fast-
ing and postprandial T, from Abbott Laboratories were
2.7+0.6 and 3.0*+0.6h, respectively.” The differences be-
tween our data and Abbott’s data were statistically significant
{(#=0.001 in the fasting study and p<<0.001 in the postpran-
dial study). As for the CIF, the differences between our data
(4.2x2.61/h) and Abbott’s data (9.0+4.91/h) in the fasting
study, and those between our data (2.1%0.6 1/h) and Abbott’s
data (4.6x 1.5 I/h) in the postprandial study were statistically
significant (p=0.018 and 0.0003, respectively}). There was
also a significant difference {(p=0.016) for the AUC,,, in the
fasting study between our data (86.0=27.7 g -h/ml) and Ab-
bott’s data (56.5x27.8 pp-h/ml).
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