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Plasma levels of B-lymphocyte stimulator increase
with HIV disease progression

Benigno Rodrigueza, Hernan Valdeza, William
Freimuthb, Todd Butlerb, Robert Asaada and Michael M.
Ledermana

We measured the plasma levels of B-lymphocyte
stimulator (BLyS) in 101 HIV-1-infected patients
and 18 controls. BLyS levels were higher among
HIV-positive patients [median 5.70 (3.90) versus
4.62 (1.04) ng/ml, P 0.002], who had signifi-
cantly higher BLyS and total serum globulin
levels with decreasing CD4 cell counts. More-
over, BLyS levels increased exponentially below
100 CD4 cells/�l. BLyS and globulin levels in-
crease as HIV disease progresses, suggesting a
role for BLyS in the hypergammaglobulinemia of
HIV infection.

HIV infection is often accompanied by polyclonal
hypergammaglobulinemia [1–5], resulting from a state
of generalized, non-specific B-cell activation [6–8].
The mechanism underlying this phenomenon has not
been conclusively established. B-lymphocyte stimulator
protein (BLyS) is a member of the tumor necrosis
factor ligand superfamily that regulates the survival,
proliferation and differentiation of B lymphocytes
[9–13]. In vitro, BLyS induces B-cell activation and
expansion [12,14]; in vivo, exogenous administration of
BLyS to mice leads to the expansion of B-cell popula-
tions in lymphoid tissue and increased serum immuno-
globulin levels [11,12]. In humans, BLyS levels are
elevated in autoimmune disorders associated with hy-
pergammaglobulinemia [15–18] and in follicular non-
Hodgkin’s lymphoma [17]. Given the similarities be-
tween the biological actions of BLyS and the humoral
immune derangements seen in HIV infection, we
hypothesized that BLyS levels may be abnormal in HIV
disease.

A total of 101 adult HIV-infected patients and 18
healthy, HIV-uninfected volunteers were included in
the study. Demographic data, nadir CD4 T-cell counts,
highest plasma HIV-RNA levels, history of antiretro-
viral treatment, and the CD4 T-cell count, plasma
HIV-RNA level and serum globulin level values closest
in time to the measurement of BLyS were recorded for
HIV-infected patients. HIV-infected patients were sub-
divided into three groups according to their most
recent CD4 T-cell count: group 1, greater than 500

cells/�l (n ¼ 27); group 2, 201–500 cells/�l (n ¼ 42)
and group 3, 200 cells/�l or less (n ¼ 32). BLyS levels
were measured by enzyme-linked immunosorbent assay
on stored plasma samples as previously described [16].

BLyS levels were significantly higher among HIV-
infected patients than among controls [median (inter-
quartile range; IQR), 5.70 (3.90) versus 4.62 (1.04) ng/
ml, P ¼ 0.002]. Ninety per cent of the controls had
BLyS levels between 3.4 and 5.6 ng/ml. None of the
controls had a BLyS level above 5.7 ng/ml, in agree-
ment with previous reports, which have generally
found BLyS levels below 10 ng/ml in normal indivi-
duals [15–17]. By comparison, 51 of the HIV-infected
patients (50.5%) had levels above 5.7 ng/ml and 22 of
them (21.8%) had levels above 10 ng/ml. BLyS levels
in the subgroups of HIV-1-infected patients and the
controls are depicted in Fig. 1a. There was a graded
trend towards increasing BLyS levels with more ad-
vanced stages of HIV disease. Median (IQR) BLyS
levels among uninfected controls and HIV-infected
patients with over 500, 201–500 and fewer than 200
CD4 T cells/�l were 4.62 (1.04), 4.85 (2.97), 5.51
(2.20) and 8.28 (7.43) ng/ml, respectively (P , 0.001).
The corresponding serum globulin levels among HIV-
infected patients were 3.3 (0.4), 3.6 (1) and 3.8 (6.8) g/
dl (P ¼ 0.026), paralleling the trend observed in BLyS
levels (Fig. 1b); however, the linear correlation be-
tween the two did not reach statistical significance.
There was a significant but non-linear correlation
between BLyS levels and CD4 T-cell counts, with
BLyS levels remaining relatively stable at higher CD4
T-cell counts and increasing exponentially at the lower
extreme of the CD4 T-cell count spectrum. There was
a weak, but statistically significant direct linear correla-
tion between plasma HIV-RNA and BLyS levels.

The elevation of BLyS levels in our HIV-infected
patients is consistent with findings in a previous report
on the production of autoantibodies at different stages
of HIV infection [19]. Although both plasma BLyS and
serum globulin levels proved to be strongly associated
with the stage of HIV disease in our cohort, we were
unable to confirm a direct correlation between them.
This does not exclude the possibility that an underlying
correlation between BLyS and immunoglobulin levels
might have been obscured in this analysis by other
serum globulins or by the effect of regulatory signals
other than BLyS on immunoglobulin production. In a
previous report on a similar cohort of HIV-infected
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patients [19], no significant association could be
demonstrated between BLyS and IgG levels regardless
of the CD4 T-cell count. In patients with autoimmune
disorders, a weak association between BLyS and

immunoglobulin levels has been found by some inves-
tigators [15], but not others [18].

This study does not allow us to determine the mechan-
ism of BLyS level elevation in HIV infection. The cells
that primarily express BLyS, including dendritic cells,
monocytes and macrophages [9,10,12,20], are all targets
for HIV, suggesting that HIV might directly drive the
overexpression of BLyS by these cells. Alternatively,
the expression of BLyS may be upregulated as a
homeostatic response to lymphopenia or by soluble
factors that are, in turn, elevated in HIV infection.
Both IFN-ª and IL-10 upregulate BLyS expression and
secretion [12,21]. Because its production is impaired in
the more advanced stages of HIV disease [22], IFN-ª is
an unlikely mediator of the increased levels of BLyS
seen in HIV-infected patients. IL-10 levels, on the
other hand, are often elevated in HIV infection [23–
25], and are inversely correlated with CD4 T-cell
counts [26]. Moreover, HIV Nef protein directly
induces IL-10 expression and production in vitro [25],
and effective antiretroviral treatment leads to a rapid
decline in IL-10 levels [23]. One could thus speculate
that in HIV infection, increased IL-10 production
might result in the upregulation of BLyS with subse-
quent B-cell activation and hypergammaglobulinemia.
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Fig. 1. B-lymphocyte stimulator and serum globulin levels
according to HIV infection stage. The white lines represent
the median, the boxes represent the interquartile range, and
the bars represent the range of the respective markers. (a) B-
lymphocyte stimulator (BLyS) levels are increased with more
advanced HIV-induced immune deficiency. BLyS levels in
normal volunteers are also included for comparison. Note
the graded increase in BLyS levels with more advanced stages
of HIV disease, as reflected by lower CD4 T-cell counts. (b)
Serum globulins are increased with more advanced HIV-
induced immune deficiency. Note similarity with the trend
observed in BLyS levels.
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Altered lymphocyte heat shock protein 70
expression in patients with HIV disease

Linda L. Agnewa, Mark Kellyb, Jonathan Howarda, Sar-
angapany Jeganathanb, Marijka Batterhamb,c , Rosemary
A. Ffrenchd, Julian Goldb and Kenneth Watsona

Heat shock protein (HSP) expression in lympho-
cytes isolated from 20 patients with HIV disease
and 15 age-matched controls was determined.
Fold increases in lymphocyte hsp70 expression
after heat shock were 4.52 6 2.97 in HIV-positive
individuals compared with 2.60 6 1.29 for HIV-
negative controls (P 0.001). Given clear roles
for HSP in the cross-presentation of antigens, Æ-
defensin internalization and pro-inflammatory
cytokine production, a further investigation of
HSP in HIV patients is merited.

Heat shock proteins (HSP) are highly evolutionary
conserved proteins found in all organisms from bacteria
to humans. HSP synthesis is also induced by cellular
stressors other than heat, including heavy metal expo-
sure, oxidative stress, viral and bacterial infection and
thus the more general term ‘stress protein’ has been
applied to this class of protein [1]. HSP perform
essential functions in the cell associated with protein
folding and assembly and the prevention of protein
aggregation and degradation. Under normal conditions
they act as molecular chaperones in ensuring that newly
formed polypeptides are correctly transported to appro-
priate cellular organelles. They also act as cytokines and
induce proinflammatory cytokine production in human
monocytes [2].

The role of HSP in HIV disease pathogenesis is only
beginning to be appreciated. A very recent report that
the expression of the HSP receptor, CD91, is increased
in monocytes from patients with long-term non-pro-
gressive HIV disease [3] is of particular importance
given that key components of the soluble factor,
termed CAF, which suppresses HIV replication, and
which is secreted from stimulated CD8 T lymphocytes
in high amounts from such individuals have been
identified as Æ-defensins [4]. The latter have in turn
been demonstrated to be associated with CD91, which
mediates the internalization of Æ-defensins [5]. Further-
more, HSP are selectively incorporated into the HIV
virion during the assembly process [6].
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To date, HSP expression in patients with HIV disease
has not been reported. Early studies have demonstrated
the upregulation of hsp27 and hsp70 messenger RNA
transcription in CD4 T-cell lines infected with HIV
[7]. In this report, we demonstrated that the expression
of lymphocyte hsp70 is altered in patients with HIV
disease compared with uninfected age-matched con-
trols.

Twenty patients (male, mean age 47 years) with HIV
disease and 15 age-matched controls (male, mean age
45 years) were recruited. Fourteen of the HIV-positive
cohort were currently receiving combination antiretro-
viral therapy and 13 had an undetectable viral load.

The mean CD4 T cell count was 500 cells/mm3

(SD � 304).

Lymphocytes from 20 ml of venous blood were isolated
using Ficoll-Paque gradient centrifugation and were
incubated at either 378C for 1 h (control) or heat
shocked at 42.58C for 1 h. Lymphocytes were then
allowed to recover at 378C for 3 h and proteins were
extracted and separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis. Hsp70 expression
was measured as previously described [8] using both
Western immunoblots (�-actin used as an internal
control) and enzyme-linked immunosorbent assay
(StressGen Biotechnologies, Victoria, Canada). The
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Fig. 1. Western blots and fold-increase of hsp70 in lymphocytes from HIV-positive and HIV-negative individuals. Lymphocyte
hsp70 expression after heat shock (HS) is increased in patients with HIV disease relative to baseline values (C). (a) Representative
samples for HIV-positive subjects and HIV-negative controls. Each patient is represented by one bracket. (b) Corresponding �-
actin internal controls. (c) Fold increase in hsp70 (Western blot) is significantly increased in HIV-positive patients, as compared
with HIV-negative controls (d).
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fold increase in lymphocyte hsp70 expression was
calculated by densitometric analysis and was expressed
as the ratio of hsp70 expression at 42.58C to that at
378C. Correlations were sought between hsp70 expres-
sion and CD4 cell count, plasma viral load and
antiretroviral treatment status. All procedures were
approved by the Human Research Ethics Committee,
University of New England (HEO 1/216) and the
Research Ethics Committee-Eastern Section, Sydney
(01/198).

Data were analysed using analysis of variance (general
linear model) with control (non-heat shock) versus heat
shock as the within-subject factor and HIV-positive
versus HIV-negative as the between-subject factor.

Lymphocyte hsp70 expression after heat shock relative
to baseline values was increased in both control and in
patients with HIV disease. Significant augmentation in
lymphocyte hsp70 expression after heat shock was
demonstrated by Western blots. Representative Wes-
tern immunoblots from HIV-positive and HIV-nega-
tive samples, together with corresponding �-actin
controls, are presented in Fig. 1a,b. Fold increases in
lymphocyte hsp70 expression (Fig. 1c,d) after heat
shock were 4.52 � 2.97 in HIV-positive individuals
compared with 2.60 � 1.29 for HIV-negative controls
(P ¼ 0.001). The increase in hsp70 expression in
lymphocytes from HIV-positive individuals was pri-
marily caused by the lower baseline level, rather than
absolute amounts. Similar trends were demonstrated
using enzyme-linked immunosorbent assay (results not
shown). Using this assay, fold increases in lymphocyte
hsp70 expression after heat shock were 4.88 � 3.78 in
HIV-positive individuals compared with 2.80 � 1.21 in
HIV-negative controls (P ¼ 0.065).

In this relatively small cohort, no correlation between
fold increases in lymphocyte hsp70 expression and viral
load, CD4 T cell count or antiretroviral treatment
status could be determined. Larger studies will be
required to examine such associations.

The determinants of altered hsp70 expression in pa-
tients with HIV have not been analysed. Alterations in
viral replication or oxidative stress may influence hsp70
expression. Increases in oxidative stress, a characteristic
of HIV-positive infection, may alter HSP expression.
In this respect, the modulation of HSP expression by
oxidative stress and antioxidants [9] has been reported.
Although no correlation between lymphocyte hsp70
expression and viral load was demonstrated in this
study, we did observe a direct correlation between
lymphocyte hsp70 expression and measures of oxidative
stress. In the present study, we have demonstrated
increased plasma protein carbonyl formation (P , 0.05)
and decreased plasma antioxidant status (P , 0.05),
both measures of oxidative stress, in this HIV-infected

cohort (data not shown), which correlated with fold
increases in lymphocyte hsp70 expression. Further
studies are required to define these interactions.

This is the first report of altered hsp70 expression in
patients with HIV disease. Lymphocyte hsp70 expres-
sion in response to heat shock is significantly increased
relative to baseline values in patients with HIV disease.
The significance of altered lymphocyte HSP expression
remains to be determined. However, given the clear
roles of these proteins in the cross-presentation of
antigens, Æ-defensin internalization and pro-inflamma-
tory cytokine production, further investigation is mer-
ited.
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Drug-induced aminotransferase alterations during
antiretroviral HIV post-exposure prophylaxis

Vincenzo Puro, Fabio Soldani, Gabriella De Carli, Zlatan
Lazarevic, Francesca Mattioli and Giuseppe Ippolito,
on behalf of the Italian Registry of Antiretroviral Post-
Exposure Prophylaxis

In 655 individuals receiving HIV postexposure
prophylaxis (PEP), drug-induced aminotransfer-
ase alterations were frequent and severe in the
nevirapine-including regimen, rare and mild-to-
moderate in other combinations, and always
reversible. Grade 3–4 incidence in protease in-
hibitor or nevirapine PEP was 0.5 and 25.0 per
100 person-months, respectively. Apart from ne-
virapine, continuing PEP appears to be safe even
in the case of aminotransferase alterations. The
usefulness of routine monitoring of liver function
during PEP could be re-considered.

Antiretroviral postexposure prophylaxis (PEP) is widely
used after exposures to HIV to reduce the risk of
transmission in the healthcare setting, and it has also
been proposed for non-occupational exposures [1,2].
This large use of prophylaxis raises concerns about its
safety.

Adverse events of antiretroviral drugs are frequent
reasons for the discontinuation or modification of
therapy [3,4], as well as of PEP [4,5]. In particular,
hepatotoxicity can occur with any antiretroviral regi-
men [6], and it can complicate a hepatic co-morbidity.
Furthermore, liver enzyme abnormalities have been
described in 1–10% of individuals taking PEP [4,7,8].

To evaluate the features of hepatotoxicity during PEP
in real practice, data collected from August 1996 to
September 2002 in the Italian Registry of Antiretroviral
Post-Exposure Prophylaxis [4] were reviewed.

Subjects were divided into three groups according to
their initial PEP regimen: two nucleoside reverse
transcriptase inhibitors (NRTI) (group A), two NRTI
plus one protease inhibitor (PI) (group B), or one non-
nucleoside reverse transcriptase inhibitor-containing
regimen (group C). Only individuals who had taken

PEP for at least 5 days, and for whom at least two
values of plasma level of alanine aminotransferase
(ALT) and aspartate aminotrasferase (AST) were avail-
able (the first one at baseline before the initiation of
PEP and the second within 5 days from discontinuation
of PEP), were included in the analysis. Hepatitis C
virus (HCV), hepatitis B virus (HBV), and HIV
serology were performed at the time of exposure and at
the 6 month follow-up. AST and ALT changes from
the baseline to the highest values were categorized
according to the toxicity grading used by the AIDS
Clinical Trials Group, modified by Sulkowski et al. [9].
If the grades of AST and ALT in the same determina-
tion were different, the highest one was considered.

Of the 1721 reports of PEP analysed, 207 individuals
in group A, 429 in group B, and 19 in group C were
eligible for the study, as described in Table 1.

Overall, 529 individuals took PEP for at least 28 days;
antiretroviral agents were used at standard doses. The
median duration of PEP was 30 days in groups A and
B (range 5–60, and 5–57, respectively), and 25 days
(range 5–32) in group C.

All subjects were tested for HIV, hepatitis B serum
antigen (HBsAg), and HCV at the 6-month follow up.
One case of acute hepatitis C with documented
seroconversion was observed and was excluded from
the following analysis.

In group A, six cases of grade 1 AST/ALT alteration
occurred within 10–15 days; all the subjects completed
their PEP without further increases in the AST/ALT
levels.

In group B, grade 3 AST/ALT alteration was observed
in two individuals taking zidovudine–lamivudine plus
nelfinavir or indinavir, after 20 days, for an incidence
rate of 0.5 per 100 person-months of PEP. Grade 2
AST/ALT alteration developed in six subjects between
10 and 30 days; and grade 1 in eight cases between 10
and 20 days. Four individuals discontinued PEP, two
with grade 1 (one during a hypersensitivity reaction
with generalized maculopapular rash after 7 days of
treatment), two with grade 2 and grade 3, respectively.
In addition, two subjects modified the initial PI-
containing regimen because of grade 2 AST/ALT
alteration, but were able to complete the 4-week PEP
with two NRTI.

In group C, seven cases started PEP with an efavirenz-
containing regimen; none developed AST/ALT altera-
tion. Of the 12 subjects who took nevirapine, two
cases of grade 4 AST/ALT alteration were observed
after 11 and 28 days, respectively, for an incidence rate
of 25 per 100 person-months. One subject required
hospital admission. Both recovered promptly after PEP
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was stopped. Moreover, one grade 2 and one grade 1
AST/ALT alteration cases were observed. The first was
associated with a rash, with discontinuation of the
drugs at day 24.

In all groups, AST/ALT levels returned to within the
normal range regardless of whether they had discon-
tinued or completed PEP.

Overall, of the 16 subjects who were anti-HCV or
HBsAg positive at baseline no AST/ALT alteration was
observed; all cases who developed alteration were
HCV and HBV negative at baseline.

Our study suggests that AST/ALT alterations are often
mild-to-moderate, and are rare during PEP regimens
including two NRTI plus or minus a PI, probably
because of the short duration of the prophylaxis.
Indeed, studies in HIV-infected individuals taking
highly active antiretroviral therapy demonstrated that
hepatotoxicity usually occurs later during treatment [9–
11]. Moreover, other factors that could play a role in
determining highly active antiretroviral therapy-asso-
ciated hepatotoxicity, such as the use of ritonavir and
hepatic co-morbidity, were underrepresented in our
study population.

Our study confirms previous data showing that hepato-
toxicity can be more frequent and severe in nevir-
apine-containing regimens [12]. Because of the high
incidence of severe toxicity, nevirapine use in PEP
should be restricted to highly selected cases, in which
resistance in the source indicates nevirapine as the sole
possible alternative, with a close control of the liver
function.

In all cases of AST/ALT alteration, the aminotransfer-
ase level returned within the normal range. These data
suggest that, apart from nevirapine-containing regi-
mens, the continuation of PEP appears to be safe even
in case of AST/ALT alteration. Therefore, the useful-
ness of routine determinations of liver function tests
during PEP could be re-considered.

Participants to the Italian Registry of
Antiretroviral Post-Exposure Prophylaxis

D. Drenaggi, Ancona; P. Rossi, Aosta; A. Cellini,
L’Aquila; D. Tacconi, R. Maestrini, Arezzo; F. Trifi-
letti, Barcellona (ME); M. Monti, Bologna; M. Pelle-
grino, Brindisi; A. Stagno, Cesena; G. Vigevani,
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Table 1. Baseline characteristics and antiretroviral drugs prescribed in 655 subjects receiv-
ing HIV post-exposure prophylaxis – Italian Registry of Antiretroviral Post-Exposure Prophy-
laxis, 1996–2002.

Group A Group B Group C
(n ¼ 207) (n ¼ 429) (n ¼ 19)

Sex, female, n (%) 114 (55) 335 (78) 13 (68)
Age, year, mean (range) 35 (3–67) 35 (17–68) 36 (22–55)
Type of exposure, n (%)
Occupational
Healthcare workers 135 (65) 323 (75) 12 (63)
Non-healthcare workers 17 (8) 19 (4) 1 (5)

Non-occupational
Sexual 20 (10) 43 (10) 2 (11)
Parenteral 35 (17) 44 (10) 4 (21)

HCV antibodiesa n (%)
Positive 6 (6) 6 (3) –
Negative 90 (94) 188 (97) 14 (100)

HBsAgb n (%)
Positive – 3 (2) –
Negative 64 (100) 124 (98) 12 (100)

Antiretroviral drugs, n (%)
Zidovudine–lamivudine 189 (91) 390 (91) 16 (84)
Other two NRTI combinations 18 (9) 39 (9) 3 (16)
Indinavir – 361 (84) –
Nelfinavir – 59 (14) –
Other protease inhibitors – 9 (2) –
Nevirapine – – 12 (63)
Efavirenz – – 7 (37)

HBsAg, Hepatitis B serum antigen; HCV, hepatitis C virus; NRTI, nucleoside reverse transcrip-
tase inhibitors.
Group A: NRTI; Group B: two NRTI plus one protease inhibitor; Group C: two NRTI plus one
non-NRTI.
aAntibodies against HCV were available for 96 individuals in group A, 194 in group B, and 14
in group C.
bHBsAg was available for 64 individuals in group A, 127 in group B, and 12 in group C.
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Como; G. Carnevale, Cremona; G. Raineri, Cuneo;
C. Martinelli, Firenze; M. Di Toro, Fondi (LT); E.
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Fibbia, Mantova; S. Laganà, Massa; O. Renzi, Meleg-
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Directly observed antiretroviral therapy to reduce
genital tract and plasma HIV-1 RNA in women with
poor adherence

Joseph I. Harwella, Timothy P. Flanigana, Jennifer A.
Mittya, Grace E. Macalinoa, Angela M. Caliendob, Jessica
Ingersollb, Molly S. Stenzelc, Charles C.J. Carpentera and
Susan Cu-Uvina

Six women with substance abuse and poor adher-
ence histories received daily antiretroviral directly
observed therapy (DOT). Cervicovaginal lavage
(CVL) and plasma HIV-1-RNA levels were meas-
ured at baseline, 1 month, 3 months, and 6
months. All subjects had undetectable (below
2.6 log10 copies/ml) CVL HIV-1-RNA levels by 3
months and undetectable plasma HIV-1-RNA
levels by 6 months. The mean CD4 cell increase
was 76 cells/mm3. DOT appears effective and
may reduce infectiousness in this high-risk popu-
lation.

Sexual transmission is the dominant mode of HIV-1
spread throughout the world. Several factors modulate
transmission risk, but the strongest biological predictor
of sexual as well as mother-to-child transmission is the
plasma HIV-1-RNA level [1]. As genital tract HIV-1
shedding is highly correlated with the plasma HIV-1-
RNA level [2–4], increased genital tract HIV-1 shed-
ding may be the mechanism by which high plasma
HIV-1-RNA levels increase transmission. Treatment
that reduces the plasma HIV-1-RNA level and genital
tract HIV-1 shedding should reduce sexual and
mother-to-child HIV transmission.

In clinical practice, 50% of those prescribed antiretro-
viral therapies are unable to realize the maximum
virological benefit, primarily as a result of poor medica-
tion adherence [5–8]. Some of the many barriers to
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medication adherence include side-effects, mental ill-
ness, and active substance abuse [9–16].

Building on the model of directly observed therapy
(DOT) for tuberculosis, pilot programmes have begun
to provide DOT for HIV-1 infection [17–21]. No
previous reports have studied the impact of DOT for
HIV-1 on genital tract HIV-1-RNA levels. We there-
fore studied the effect of DOT for HIV-1 infection on
genital tract as well as plasma HIV-1-RNA levels
among a small group of women with histories of poor
medication adherence and recent substance abuse.

After approval by the Miriam Hospital’s Institutional
Review Board, individuals were recruited from the
Hospital’s Immunology Center. Eleven women with
HIV-1 infection and self-reported substance use within
the preceding 90 days were offered enrollment. All
women had previously been non-adherent to antiretro-
viral therapy by self-report and physician judgement,
and one of the proposed antiretroviral regimens was felt
to be appropriate therapy. Eligible women had docu-
mented HIV-1 infection, an intact uterus, were not
pregnant or wishing to become pregnant, and were
free of active sexually transmitted infections. After
obtaining informed consent, all subjects received stavu-
dine 60 mg, lamivudine 300 mg, and didanosine
400 mg once a day. In addition, subjects also received
either nevirapine 400 mg per day, efavirenz 600 mg per
day, or a combination of saquinavir 1600 mg per day
boosted with ritonavir 100 mg per day, depending on
treatment histories and patient and physician prefer-
ences.

Each participant met an outreach worker daily at a
location of her choosing to receive her medications,
which were administered during the encounter. Each
participant had an emergency supply of medications for
use if meetings with the outreach worker were missed.
Subjects also provided cervicovaginal lavage (CVL) and
plasma specimens for quantitation of HIV-1 RNA by
nucleic acid sequence-based amplification. These speci-
mens were collected at baseline, 1 month, 3 months,
and 6 months. The lower limit of detection for the
nucleic acid sequence-based amplification assay was
400 copies/ml (2.6 log10).

Women were asked not to have vaginal sex, douche,
or insert any intravaginal products for 48 h before
specimen collections. Collections were deferred during
menses.

CVL was collected at each study visit as described
previously [22]. At baseline, each subject was screened
for gonorrhoea, chlamydia, and syphilis. At baseline
and at each subsequent study visit, subjects were also
tested for pregnancy and for bacterial vaginosis, tricho-
moniasis, and candidiasis using wet mount. Each genital

tract specimen was also tested for the presence of
semen.

One subject died of AIDS-related complications before
initiating DOT. One subject with continued virologi-
cal failure had to terminate participation when HIV-1
genotyping revealed resistance to the DOT regimens.
Three subjects did not follow-up for study visits. All of
the remaining six subjects completed 6 months of
follow-up.

Fig. 1a shows CVL HIV-1-RNA levels at each time-
point of the study. At baseline, one out of six
participants had HIV-1-RNA levels below the limit of
detection in CVL. By 3 months, all women had
undetectable HIV-1-RNA levels in CVL, with a mean
decrease of 1.3 log10. All six subjects had plasma HIV-
1-RNA levels below 400 copies/ml by 6 months, with
a mean decrease of 2.4 log10 (Fig. 1b). Subjects also
experienced a mean increase of 76 CD4 cells/mm3.

No cases of gonorrhoea, chlamydia, or trichomoniasis
were diagnosed. However, eight cases of candidal
vaginitis and five cases of bacterial vaginosis were
identified, with no associated increases in the CVL
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Fig. 1. HIV-RNA levels versus time. (a) Level in cervicovagi-
nal lavage (CVL). (b) Level in plasma (PVL).

Research Letters 1991



HIV-1-RNA level. One of the 24 genital tract speci-
mens was positive for the presence of semen.

These results show that some women with a history of
poor adherence and active substance abuse can realize
significant benefits from antiretroviral therapy through
a programme of outreach and DOT for HIV-1 infec-
tion, with decreases in both CVL and plasma HIV-1-
RNA levels.

We have shown in this small group of treatment-
experienced women, that multiple episodes of candi-
diasis and bacterial vaginosis do not seem to increase
HIV-1 shedding while receiving effective therapy. This
may have significant secondary prevention implications,
because vaginitis is common among women with HIV-
1 infection.

DOT is not universally effective or acceptable. Five of
our 11 study subjects were not able to complete this
programme. However, our success rate of 54% is
similar to reported rates in routine clinical practice. To
achieve these results among patients with previous
histories of poor adherence and active substance abuse
is encouraging.

Individuals with ongoing substance abuse have been
shown to have high rates of unprotected sexual
encounters [23–27]. DOT for HIV-1 in this popu-
lation may have a significant impact on the secondary
prevention of HIV-1 transmission. In addition, this
programme of outreach keeps marginalized populations
engaged in the healthcare system, encouraging access to
other services such as tuberculosis screening, sexually
transmitted diseases screening, vaccinations, and sub-
stance abuse treatment.

Its small size and short duration of follow-up limit this
study. Nevertheless, it does show proof of concept, that
a population of difficult to treat women can benefit
from DOT when a self-administered approach fails.
We have also provided some data to suggest that with
successful DOT, even common genital tract infections
do not lead to increases in genital tract HIV-1-RNA
shedding. Larger studies are needed to confirm these
findings. The development, evaluation, and refinement
of observed therapy programmes are needed for all
marginalized populations that are not receiving the
benefits of antiretroviral therapy.
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Stavudine or indinavir-containing regimens are
associated with an increased risk of diabetes
mellitus in HIV-infected individuals

Anna Maria Brambillaa, Roberto Novatia, Giliola Calorib,
Elena Meneghinic, Daniela Vacchinia, Livio Luzic, Anto-
nella Castagnaa and Adriano Lazzarina

Diabetes mellitus was diagnosed in 16 out of 1011
HIV-positive patients over a median follow-up of
289 days (person-year incidence 2.06, 95% con-
fidence interval 1.18–3.33). Significant risk fac-
tors for the onset of diabetes were older age and
antiretroviral therapy with stavudine or indinavir.
Older men with HIV infection should be consid-
ered at higher risk of diabetes, and caution may
be warranted in the use of both indinavir and
stavudine in these patients.

The association between highly active antiretroviral
therapy (HAART) and metabolism disorders was de-
scribed shortly after the introduction of HIV-1 protease
inhibitors (PI) into routine clinical practice [1]. Since

then, the complex syndrome of hyperlipidemia, lipody-
strophy or diabetes mellitus (DM) has been observed in
a considerable proportion of patients [2], leading to an
increased risk of morbidity and mortality as a result of
metabolic disorders and coronary heart disease [3],
increased diagnostic and therapeutic costs, and signifi-
cant patient discomfort secondary to body image altera-
tions.

It has been reported that hyperglycemia with or with-
out DM occurs in 3–17% of patients receiving
HAART, shortly after the start of PI or even after their
prolonged use [4]. Whether this effect is a direct result
of PI therapy or a PI-exacerbated primary HIV meta-
bolic defect is still unclear [5]. At present, most data
concerning the incidence of diabetes and its correlation
with antiretroviral therapy (ART) come from cross-
sectional studies of small numbers of patients.

In the present study, we have analysed retrospective
data from a cohort of 1011 HIV-positive patients (68%
men, median age 37 years, range 18–74, median
duration of known HIV infection 84 months, range
�3 to 210 months); clinical, biochemical, immunologi-
cal, virological and therapeutic data were collected
from an in-house database, started on 1 November
1999. Blood tests were obtained for each patient at
regular intervals as a part of routine outpatient care.

Study patients met the following criteria: normal fasting
plasma glucose levels at study entry, and no previous
diagnosis of DM; at least two fasting plasma glucose
determinations during follow-up; a follow-up of at least
3 months; a stable (without interruption) antiretroviral
regimen (or no therapy) for at least one month before
entry and throughout the follow-up period.

Follow-up was censored at the last available plasma
glucose assay or at the diagnosis of DM; the whole
exposure time to each drug since its start was also
recorded. DM was diagnosed on the basis of the 1997
American Diabetes Association guidelines (fasting plas-
ma glucose > 126 mg/dl on two different occasions)
[6].

Data are reported as median values (minimum, maxi-
mum). As the variables did not have a Gaussian
distribution, the Mann–Whitney test was used to
investigate between-group differences. Cox propor-
tional hazard regression models were used to investigate
the associations between DM and putative risk factors
(age, sex, CD4 cell count, HIV-RNA level, antiretro-
viral drugs).

During the follow-up (median 289 days, 91–624 days)
DM was diagnosed in 16 out of 1011 patients [person-
year incidence 2.06, 95% confidence interval (CI)
1.18–3.33]. Table 1 summarizes the statistical analyses
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of putative risk factors for DM. Older age [hazard ratio
(HR) 1.11, 95% CI 1.06–1.16, P , 0.001] was asso-
ciated with a higher risk of developing diabetes,
whereas male sex showed a trend towards it, without
reaching conventional statistical significance (HR 6.4,
95% CI 0.83–48.8, P ¼ 0.07).

After multivariate analysis adjusted for age and sex,
diabetes onset was unrelated to the CD4 cell count,
HIV-RNA level, ART assumption as a whole, PI
therapy versus non-PI-containing regimens. Of note is
the fact that there was no statistically significant
difference in the whole duration of ART between
diabetic and non-diabetic patients, thus including the
pre-enrollment time. Furthermore, age and sex-ad-
justed Cox regression models of the individual drugs
showed that patients treated with stavudine or indinavir
were at significantly higher risk of developing DM
(stavudine: HR 16.0, 95% CI 3.03–83.8, P ¼ 0.001;
indinavir HR 4.0; 95% CI 1.26–12.7, P ¼ 0.018)
(Table 2). To address the issue of whether the onset of
diabetes may be stochastic or dose dependent, we
investigated whether exposure to stavudine or indinavir
(in the whole cohort) was significantly longer com-

pared with other drugs. We found a potential con-
founding bias in the case of abacavir, efavirenz or
nelfinavir because these drugs were registered later in
Italy. However, the median duration of exposure was
similar among stavudine and other reverse transcriptase
inhibitors, as it was among indinavir, saquinavir and
ritonavir (data not shown). We therefore tried to
understand a possible synergic role of stavudine and
indinavir therapy in the onset of DM, since after the
multivariate analysis in the subgroup of patients taking
indinavir alone did not show a significant HR for the
development of diabetes (HR 16, 95% CI 0.26–75.4,
P ¼ 0.3), whereas patients on stavudine alone (HR
16.5, 95% CI 2.23–121.6, P ¼ 0.006) and those on
stavudine and indinavir were at significantly higher risk
(HR 16.5, 95% CI 5.0–314.9, P , 0.0001). Finally,
fasting cholesterol and triglyceride levels in index cases
were collected close to the time of diabetes diagnosis
(Table 1).

The present study has two limitations, the first being
the small group of index cases and the second that
cohort patients were already on antiretroviral drugs at
study enrolment; in this regard our data should be
confirmed in large cohorts of antiretroviral-naive pa-
tients [7]. Despite that, this is to our knowledge the
first longitudinal study about diabetes incidence in such
a large cohort of HIV-positive patients. Very few
studies investigating the incidence of diabetes in the
general population have been performed, even in Italy.
One study in a population in northern Italy [8]
estimated a yearly incidence of 2.2 per 1000 person-
years. The population was older than the HIV cohort
we have followed, therefore we cannot draw any
conclusion from this, but we may speculate whether
some antiretroviral drugs can trigger the onset of
diabetes in predisposed individuals. Despite that, the
results about the drug-related risk of diabetes were
partly surprising. First, we clearly showed an increased
risk of DM in patients on indinavir, thus confirming
preliminary results from in-vitro and in-vivo studies,
occasionally leading to some pathogenic models [9,10].

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 1. Risk factors for diabetes onset in 1011 HIV-positive patients: features of diabetic
patients.

Diabetic patients
(n ¼ 16) Other (n ¼ 995) P values

Male sex (%) 87.0 67.9 0.09
Age (years) 47 (36–72) 37.7 (18–74) 0.0001
CD4 cell count (cells/�l) 498 (217–1339) 530 (6–2318) 0.8
Viral load (copies/ml) 470 (19–16 000) 410 (19–960 000) 0.6
On therapy (%) 94 81 0.2
Whole exposure to
Antiretroviral drugs (days) 371 (30–1315) 603 (30–3655) 0.23
PI therapy (%) 80 66 0.25

Fasting cholesterol (mg/dl) 196 (138–282) nd –
Fasting triglycerides (mg/dl) 339 (121–803) nd –

PI, Protease inhibitor.

Table 2. Risk factors for diabetes onset in 1011 HIV-positive pa-
tients: hazard ratio for diabetes onset, Cox regression analysis of
single antiretroviral agents.

Drug
Hazard
ratioa 95% CI P

Zidovudine 0.22 0.05–1.02 0.052
Didanosine 1.4 0.17–11.14 0.75
Lamivudine 1.8 0.51–6.37 0.36
Stavudine 16.0 3.03–83.8 0.001
Nevirapine 1.92 0.41–8.96 0.41
Saquinavir 1.58 0.34–7.34 0.56
Indinavir 4.0 1.26–12.7 0.018
Ritonavir 1.02 0.13–8.0 0.98
Nelfinavir 0.93 0.28–3.08 0.91

aHazard ratios for zalcitabine, abacavir and efavirenz were similar to
other drugs (except stavudine and indinavir); the confidence intervals
(CI) for these drugs were not calculated because of the very small
number of patients on therapy.
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As for stavudine, this is the first report suggesting that
this drug may be an independent and strong risk factor
for the onset of DM. At present, data are both
anecdotal and controversial with regard to the causative
role of single nucleoside reverse transcriptase inhibitors
(didanosine and abacavir) in diabetes onset [11,12],
whereas data on lipoatrophy/lipodystrophy and hyper-
triglyceridemia after stavudine use are as yet inconclu-
sive [10–12]. As a result of our epidemiological results
we cannot speculate about a pathogenic model for
stavudine-related DM, but we are concerned about the
risk of diabetes in patients on prolonged stavudine or
indinavir therapy. In this regard, we propose that older
men with HIV infection are considered at higher risk
of DM, and that caution may be warranted in the use
of both indinavir and stavudine in these patients.

aInfectious Diseases Clinic, bClinical Research Unit, and
cInternal Medicine Department, Vita-Salute University,
San Raffaele Scientific Institute, Milan, Italy.
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Highly active antiretroviral therapy in resource-
poor settings: the experience of Médecins Sans
Frontières

Jean-Michel Tassiea, Elisabeth Szumilinb, Alexandra
Calmyc and Eric Goemaered on behalf of Médecins Sans
Frontières

We describe the short-term results of highly
active antiretroviral therapy (HAART) in seven
projects in low and middle income countries. A
total of 743 adults were included, and clinical,
immunological and virological responses were
analysed. At 6 months, outcomes were similar to
those observed in western countries, and the
probability of remaining on treatment was 94%.
The challenge now is to extend access to HAART
to the millions in urgent need.

Médecins Sans Frontières has initiated highly active
antiretroviral therapy (HAART) programmes in various
settings in resource-poor countries over the past 2
years. After adherence consultations to explain the
treatment and its constraints, HAART was proposed to
severely immunocompromised patients following the
World Health Organization (WHO) recommendations
[1]. Only triple-therapy regimens were proposed,
mainly including a non-nucleoside reverse-transcriptase
inhibitor (NNRTI) as preference was given to the
easiest scheme to follow, with the lowest pill burden.
The CD4 cell count was measured on admission and
every 6 months. The HIV viral load was systematically
measured when possible (three projects). Antiretroviral
supply relied on local market competition, including
the use of quality-assured generics. Treatment was
provided free to patients.

As of May 2002, 881 patients had started HAART in
seven projects (Chiradzulu District Hospital, Malawi;
Homa Bay District Hospital, Kenya; Khayelitsha Health
Centers, South Africa; Institut de Recherche et Dével-
oppement, Military Hospital, Yaoundé, Cameroon;
PBN Sihanouk Hospital, Phnom Penh, Cambodia;
Surin Provincial Hospital, Thailand; and Roosevelt
Hospital, Guatemala City, Guatemala). This first analy-
sis aimed at describing the inclusions and short-term
outcomes after compiling data from all the projects.

All patients aged 14 years or more, followed under
HAART, were included in the analysis. Individual data
systematically collected were sex, age, treatment back-
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ground, dates of starting HAART, last visit or death,
WHO clinical stage and regimen prescribed at baseline,
CD4 cell count and HIV viral load at baseline and at 6
months if available. Kaplan–Meier methods were used
to estimate the probability of survival and of remaining
on treatment. At 6 months, any change in weight and
CD4 cell counts were analysed, as well as the propor-
tion with undetectable viral loads. Pooled results are
presented and the extreme ranges among projects.

A total of 743 adults were included (median age 33
years, 50.3% women); 61 children and 77 adults just
beginning HAART were excluded. Patients were at an
advanced stage at the start of therapy (Table 1). The
median CD4 cell count on inclusion (n ¼ 684) was 48
cells/mm3 (25–75th percentiles: 11–120). The median
baseline viral load, available for 231 patients, was
132 000 HIV copies/ml (5.12 log10 copies/ml; 25–
75th percentiles: 4.56–5.52). Among the 432 patients
for whom the information was available, 339 (78.5%)
were antiretroviral naive. Overall, 620 patients (83.4%)
initiated NNRTI-containing regimens and 123 (16.6%)
protease inhibitor-containing regimens. The median
period of observation was 4.0 months (25–75th per-
centiles: 1.7–6.9). During this period, 61 patients died
(of whom 26 died within the first 30 days; 42.6%), 25
stopped treatment (for adherence problems or patient
request), and 18 were lost to follow-up for 60 days or
more (Table 1). Overall, 240 patients (32.3%) were on
treatment for 6 months or more. The probability of
survival at 6 months was estimated at 89.5% [95%
confidence interval (CI) 86.8–92.1]. Among those
surviving, the probability of remaining on treatment at
6 months was estimated at 94.0% (95% CI 91.8–96.1).
Among 200 patients controlled at 6 months, the
median increase in the CD4 cell count was 104 cells/
mm3 (25–75th percentiles: 47–163) (Table 1). Among
118 patients controlled for viral load at 6 months, 106
(89.8%) were undetectable (below 500 copies/ml). A

total of 110 patients (14.8%) changed regimen. The
reasons were systematically assessed in four projects (56
patients switching): 39 (69.6%) for intolerance [25
zidovudine (24 anaemia, one myopathy), six indinavir/
ritonavir (two urinary lithiasis, two gastrointestinal
disorders, four hyperlipidemia), five nevirapine (three
rash, two hepatitis), two efavirenz (dizziness), one
didanosine and one stavudine (both for neuropathy)];
17 (30.4%) for other reasons (tuberculosis treatment in
15 cases).

These preliminary results show the major benefits
brought by HAART in resource-poor settings, even
for patients at an advanced stage of AIDS. Patients
show regular attendance, and immunological and vir-
ological responses indirectly indicate a high level of
individual drug adherence. This first pooled description
also highlights differences between projects in baseline
characteristics and, consequently, outcomes (Table 1).
A comparative analysis of prognosis factors is limited by
the short follow-up period. Opportunistic infections
occurring under HAART were not described. The
main problems encountered in our experience are the
occurrence of tuberculosis in Africa and Asia, of severe
fungal infections in Guatemala and the persistence of
Kaposi’s sarcoma in Africa.

Currently, 6 million people in developing countries are
in need of treatment. Regardless of the need for
operational research, our results support the belief that
treating severely immunocompromised AIDS patients
is feasible in various settings, including in peripheral
health facilities, as has also recently been reported by
Ugandan and Senegalese national initiatives [2,3].
Technical issues need to be addressed urgently in order
to scale up access to HAART. Greater access to
HAART will be facilitated by the ongoing price
reduction of antiretroviral drugs. Triple therapy is
currently available at US$361 per year from quality
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Table 1. Characteristics of 743 adults at the start of highly active antiretroviral therapy and
response to therapy.

Range among projects

All projects Minimum Maximum

Baseline characteristics
Number of adults starting HAART (n) 743 62 154
Proportion at WHO clinical stage 4 (%) 56.3 28.4 78.6
Median CD4 cell count (cells/mm3) 48 10 151
Proportion prescribed NNRTI 83.4 34.2 100

Outcomes during the period of observation
Proportion of deaths (%) 8.2 0.0 18.8
Proportion of deaths after 30 days therapy (%) 4.7 0.0 8.6
Proportion lost to follow-up (%) 2.4 0.0 5.2

Restoration after 6 months on treatment
Median weight gain (kg) (n ¼ 228) 3 1 6
Median CD4 cell count gain (cells/mm3) (n ¼ 200) 104 79 139

HAART, Highly active antiretroviral therapy; NNRTI, non-nucleoside reverse transcriptase
inhibitor; WHO, World Health Organization.
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generic suppliers [4]. This price should come down to
as low as US$50 per year. New fixed-drug combina-
tions (in one pill) are also needed to improve patients’
adherence and the management of antiretroviral ther-
apy in peripheral health structures. Besides treatment
protocols, monitoring should be simplified and adapted
to each context [5,6]. Pilot projects using clinical and
biological proxy markers instead of CD4 cell counts
and viral loads should be developed as a priority,
together with the reinforcement of health structures to
ensure access to testing and the availability of trained
staff.

Funding HAART programmes requires a huge interna-
tional effort to meet the growing political commitment
in affected countries. As of July 2002, the Global Fund
to Fight AIDS, Tuberculosis and Malaria effectively
received only US$616 million for 2 years compared
with the estimated US$10 billion per year needed to
fight AIDS alone. Above all, increasing access to
treatment is a challenge requiring strong political and
financial commitments from both developed and devel-
oping countries.
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zerland; and dMédecins Sans Frontières, Cape Town,
South Africa.

Received: 2 December 2002; revised: 28 February 2003;
accepted: 8 March 2003.

DOI: 10.1097/01.aids.0000088165.01779.77

References

1. World Health Organization. Scaling up antiretroviral therapy in
resource limited settings: guidelines for a public health approach.
Executive Summary. WHO, April 2002. http://www.who.int/hiv/
topics/arv/ISBN9241545674.pdf, accessed November 2002.

2. Weidle PJ, Malamba S, Mwebaze R, Sozi C, Rukundo G, Down-
ing R, et al. Assessment of a pilot antiretroviral drug therapy
programme in Uganda: patients’ response, survival, and drug
resistance. Lancet 2002, 360:34–40.
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4. Médecins Sans Frontières. Untangling the web of price reduc-
tions: a pricing guide for the purchase of ARVs for developing
countries. Geneva, June 2002. http://www.accessmed-msf.org/
documents/purple2.pdf, accessed December 2002.

5. Rabkin M, El-Sadr W, Katzenstein DA, Mukherjee J, Masur H,
Mugyenyi P, et al. Antiretroviral treatment in resource-poor
settings: clinical research priorities. Lancet 2002, 360:1503–
1505.
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Definition of loss of virological response in trials of
antiretroviral drugs

Schlomo Staszewskia, Caroline Sabinb, Brenda Dauera,
Alessandro Cozzi Leprib and Andrew Phillipsb

Definition of the time of loss of virological
response is important when designing a viral load
endpoint for trials of antiretroviral drugs. We
assessed whether, in patients who achieved a viral
load below 50 copies/ml, two consecutive values
above 50 copies/ml was really indicative of loss
of response. It was common for the viral load to
return to below 50 copies/ml with no change in
regimen, suggesting that a higher threshold for
defining the loss of response is required.

The recently published Food and Drug Administration
(FDA) guidelines for the analysis of trials of antiretro-
viral drugs suggest that those who have experienced a
virological response (two viral load values below the
lower assay quantitation limit; i.e. 50 copies/ml) should
be defined as having a ‘loss of virological response’ if
two consecutive values above 50 copies/ml are re-
corded [1]. To now, the more commonly used thresh-
olds to define the loss of virological response are
consecutive values above 200 or 500 copies/ml,
because of the concern that transient increases in the
viral load value above 50 copies/ml, whether caused by
assay variability or real fluctuations, are common [2–5].
To evaluate the FDA criterion, we assessed the subse-
quent viral load values in 376 individuals from the
Universitat Clinic in Frankfurt who had experienced
consecutive values below 50 copies/ml but then later
experienced two values above 50 copies/ml. Those
with any change in therapy were excluded. At the time
of achieving a viral load below 50 copies/ml all patients
were on at least three antiretroviral drugs, including at
least two nucleoside analogues. The median (interquar-
tile range; IQR) viral loads for the first and second
values above 50 copies/ml were 565 copies/ml (140–
9000) and 600 copies/ml (170–7190), respectively
(median 35 days between these values). The next viral
load value was taken a median of 35 days later. In 86
individuals (23%) this viral load was below 50 copies/
ml, despite there being no change in the antiretroviral
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regimen [median (IQR) viral load 500 copies/ml (70–
6950)]. When we further restricted analysis to those
135 individuals for whom the two loss-of-response-
defining values above 50 copies/ml were both between
51 and 500 copies/ml, 56 (42%) had the next value
below 50 copies/ml. For comparison, we considered
other viral load thresholds for defining loss of response.
Using 200 copies/ml, 36 out of 296 individuals (12%)
who fulfilled the definition of loss of response had the
next viral load value below 50 copies/ml, whereas for
500 copies/ml, this was nine out of 228 individuals
(4%). These results are consistent with previous findings
[4,5], and suggest that many patients who fulfil the
FDA definition of loss of virological response may not,
in fact, have lost that response and that a higher
threshold may be more appropriate.

aGoethe Universitat, Frankfurt, Germany; and bRoyal
Free Centre for HIV Medicine and Department of
Primary Care and Population Sciences, Royal Free and
University College Medical School, London, UK.
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Natural killer cells are not infected by Kaposi’s
sarcoma-associated herpesvirus in vivo, and natural
killer cell counts do not correlate with the risk of
developing Kaposi’s sarcoma

Justin Stebbinga, Brian Gazzarda, Ornella Floreb, Claire
Thomasa, Adel Benlahrecha, Sundhiya Mandaliaa, Mark
Bowera, Frances Gotcha and Steve Pattersona

Although the innate immune system is implicated

in the control of Kaposi’s sarcoma (KS), the risk
of developing KS is not associated with the nadir
natural killer (NK) cell count, and NK cell counts
do not significantly increase or decrease during
KS resolution. KS-associated herpesvirus replica-
tion was not demonstrated in vivo or in vitro
within NK cells, suggesting that NK cells do not
contribute to the resolution of KS. Their role
appears limited to events occurring during early
infection.

Natural killer (NK) cells mediate non-adaptive re-
sponses against virus-infected cells and modulate the
activity of other effector cells of the adaptive and innate
systems [1]. In particular, NK cells have been shown to
kill those target cells that have lost or express low levels
of MHC class I molecules, a frequent event in tumour
or virus-infected cells [2]. In common with many
viruses, Kaposi’s sarcoma-associated herpesvirus
(KSHV) achieves evasion of host T-cell recognition by
the downregulation of MHC class I in infected cells
[3,4]. In theory, this leaves infected cells susceptible to
NK cell lysis, but the discovery of a class I homologue,
UL18, in the genome of cytomegalovirus, a related
herpesvirus, has led to speculation that such viral
proteins may serve as NK cell decoys [5].

Recently, cells latently infected by KSHV have been
shown to be efficiently lysed by NK cells from
individuals with a normal immune response, and this
NK cell activity was found to be significantly reduced
in AIDS patients with progressing KS compared with
normal blood donors and HIV-positive individuals
with KS that responded to highly active antiretroviral
therapy (HAART) [6]. As persistent HIV-1 infection
of NK cells in patients receiving HAART has been
shown and is postulated to represent a latent HIV-1
reservoir [7], it is conceivable that the increase in NK
cell activity after successful antiretroviral treatment in
KS patients may be related to an effect on HIV-1. We
therefore investigated the relationship between the
development of KS and the NK cell count, and
established whether NK cells are infected by KSHV in
vivo.

NK cell counts, defined as the CD16/CD56 count,
were linked to 5810 individuals from the Chelsea and
Westminster HIV-1 cohort. The nadir NK cell count
was defined as the lowest ever NK cell count recorded
during patient follow-up to the time of KS diagnosis
[NK cell count , 17 cells/mm3, rate ratio 1.01, 95%
confidence interval (CI) 0.67–1.53, for a NK cell
count . 71 cells/mm3, rate ratio 1.0]. Person-days of
follow-up were converted to person-years at risk
(PYAR). In order to keep the coefficient of PYAR
constant, this was log transformed and used as the offset
in the Poisson regression. The data were analysed using
the Genmod procedure in SAS version 8.0 with log
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link and Poisson error distributions. PYAR was esti-
mated from entry into the cohort to either end of the
study period, the development of KS, the last recorded
visit, or if the patient had died during their follow-up
then their date of death. One hundred patients with
KS that resolved during the HAART era were also
identified, and their NK cell counts were recorded
from the time of KS diagnosis every 3 months for one
year.

To establish the presence of KSHV in NK cells,
between January and March 2003, peripheral blood
mononuclear cells (PBMC) were provided by eight
consecutive patients with KS. PBMC were separated
by a Ficoll-Histopaque gradient, NK cells were isolated
by negative selection and NK-depleted PBMC by
positive selection, using an antibody-based purification
technique (Miltenyi Biotech, Bergissch Gladbach, Ger-
many). The purity of the cells after column depletion
(. 95%) was determined by flow cytometry.

In order to identify KSHV, DNA was extracted from
2 3 106 NK cells (or NK-depleted PBMC) and poly-
merase chain reaction (PCR) for KSHV gene fragments
was performed, as previously described [8]. To deter-
mine whether KSHV could infect NK cells in vitro, we
incubated 2 3 106 uninfected NK cells (KSHV�HIV�

by PCR) with 3 3 107 KSHV particles, with and
without increasing doses of IL-2 (20 U/ml, 50 U/ml
and 100 U/ml). KSHV was prepared as by lysis and
ultracentrifugation of lysed BC-3 cells, a KSHV-posi-
tive cell line derived from a primary effusion lymph-
oma and competitive PCR was used to determine
KSHV titre [9]. After 48 h, NK cells were washed and
recultured for a further 4 days before DNA extraction.

There was no association with the risk of developing
KS and different levels of nadir NK cell counts (Table
1; likelihood ratio �2 test, P ¼ 0.6). In individuals with
KS resolution during HAART, there were no statisti-
cally significant changes in the NK cell count or
percentage (Fig. 1), and there were also no notable

changes in the NK cell count when these patients were
stratified according to HIV-1 virological failure, CD4
cell count or type of therapy (data not shown).

In eight consecutive patients with histologically con-
firmed KS, NK cells were derived from PBMC. These
individuals had a wide range in their ages, CD4/CD8
cell counts, HIV-1 viral loads and treatment. PCR to
detect KSHV was negative in all eight NK cell
populations tested (Fig. 2, lanes 8–16) and positive in
the NK-depleted PBMC from the same patients (Fig.
2, lanes 1–8). Although we have demonstrated the
infection of NK cells from normal donors by high titres
of KSHV in vitro (with or without IL-2), we were
unable to establish the presence of any KSHV replica-
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Table 1. Risk of developing Kaposi’s sarcoma according to natural
killer cell count (quartiles up to the lower end of normal shown).

Nadir NK count Incidence of KS per Rate ratio and
(cells/mm3) 1000 patient-years 95% CI

, 17 1.8 1.01 (0.67–1.53)
17–35 2.0 1.10 (0.73–1.66)
36–70 1.9 1.03 (0.68–1.59)
. 71 1.8 1

The number of Kaposi’s sarcoma (KS) cases, stratified according to
the natural killer (NK) cell count is shown with the percentage of the
total patient population in brackets.
The incidence of KS per 1000 patient-years and the rate ratio with
95% confidence intervals (CI) are shown (P ¼ 0.603 using likelihood
ratio �2 test).
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Fig. 1. Changes in natural killer cell count and natural killer
cell percentage in 100 individuals with Kaposi’s sarcoma
resolution during the era of highly active antiretroviral
therapy. The median and interquartile range is shown. KS,
Kaposi’s sarcoma; NK, natural killer.

NK depleted PBMCs In vivo NK cells

Fig. 2. Kaposi’s sarcoma-associated herpesvirus polymerase
chain reaction products on a 1.5% agarose gel. Natural k-
iller (NK)-depleted peripheral blood mononuclear cells
(PBMC) from patients 1–8 are in the left-hand eight lanes
and are all positive. Kaposi’s sarcoma-associated herpesvirus
gene products were not amplifiable from DNA extracted
from patients’ NK cells (lanes 9–16).
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tion in NK cells, as shown by subsequent limiting
dilution PCR (not shown).

Previous data have suggested that the restoration of
immune responses during HAART may be particularly
effective in the therapy of early KS as a result of the
control of latent KSHV infection by NK cells [6]. In
our group of eight patients, we were unable to show
KSHV infection of NK cells in vivo, and we suggest
that the effect of HAART on HIV-1 infection of NK
cells, resulting in improved cytolytic activity, appears to
be a more likely explanation for the observed results.
This may indicate that NK cells lack the cellular
environment that facilitates gammaherpesvirus replica-
tion. Whereas recent research has concentrated on the
development of an effective T-lymphocyte response as
a result of HAART, this may not be the mechanism
for tumour regression in individuals with KS. Despite
the data shown, we believe that a more extensive study
may elucidate the role of NK cells or other aspects of
the innate immune system in the control of KS, in
particular in initial events in infection and tumorigen-
esis.
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