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Peripheral blood mononuclear cells (PBMC) from 251 HIV-
positive drug abusers of known clinical stage and from
40 healthy donors were tested for conventional immuno-
logic markers (CD3, CD4, CD8, CD19, CD14, CD16/CD56,
CD45 and HLA-DR). Additional cell parameters and the oc-
currence of spontaneous apoptosis (programmed cell death)
were investigated on freshly isolated PBMC by flow cyto-
metric measurement of either annexin-V bound to plasma
membrane phosphatidylserine or propidium iodide uptake.
The activity of γ-glutamyltransferase (γ-GT), an ectoen-
zyme contributing to the synthesis of the intracellular an-
tioxidant glutathione (GSH) and involved in early apoptosis,
was also determined in these cells. Immunocompetent T-cell
counts were lower in HIV+ patients, with the exception of
CD8+ and HLA-DR+ lymphocytes. The external binding of
annexin-V was significantly higher in HIV+ PBMC and oc-
curred in both CD8+ and CD4+ T-lymphocyte subsets. The
activity of γ-GT, was significantly lower in the PBMC from
HIV+ patients, indicating that the redox status of PBMC may
be affected in HIV+ individuals. Finally, the most dominant
features characterising patients receiving antiretroviral ther-
apy were greater long-term stability in the distribution of var-
ious cell parameters excepted the level of apoptosis.
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1. Introduction

Functional, morphologic and structural differences
in mononuclear cells, including the T/B/NK subsets
and monocytes, in healthy subjects and HIV+/AIDS
patients have been consistently reported for some
time [23,25,27]. But the cytoplasmic metabolic pro-
cesses [1] in immunocompetent PBM cells have re-
ceived less detailed investigation, apart from the purine
and pyrimidine enzymatic and metabolic pathways
[33,34,44], and most of these studies have concerned
the cell surface, mitochondria and nuclear organelles
[13,24,32,38]. The antioxidant status and redox re-
lated pathways have recently received increased atten-
tion, since it has been suggested that oxidative stress
could be implicated in several aspects of the pathogen-
esis of HIV disease, including viral replication, inflam-
matory response, decreased immune cell proliferation,
loss of immune function and apoptotic cell death [35].
Pro-oxidant conditions resulting from the excessive
production of reactive oxygen forms, combined with
a multilevel deficiency of nutritional and metabolic
sources of antioxidants, have been suggested as possi-
ble triggers of programmed cell death [18]. It has also
been suggested that low levels of antioxidants (vita-
min E, selenium, glutathione, Mn-dismutase) arising
from inappropriate diet, or alcohol or drug consump-
tion, could induce CD4+ T-cell apoptosis in AIDS pa-
tients [43]. The production of reactive oxygen inter-
mediates [22], together with a decreased level of pro-
tective agents [41], in particular of glutathione [47]
have been found to be associated with an increased
rate of apoptosis leading to depletion of the CD4+
T-cell subset. Depletion of the intracellular antioxi-
dant glutathione (GSH) is a major feature of oxida-
tive stress in PBMC of HIV+ patients [21,41,42,47]. It
can be counteracted by thiol-containing antioxidants,
such as N-acetyl-L-cysteine, which increase the sur-
vival of CD4+ lymphocytes and inhibit programmed
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cell death [7,10,29,42]. However, some authors have
reported no intracellular GSH deficiency in PBMC
from HIV+ patients [40] or even a higher total GSH
level in CD4+ lymphocytes from HIV+ patients than
in those from healthy subjets [48]. It has been shown
that HIV-induced apoptosis of T-cells is preceded by
an exponential increase in the reactive oxygen inter-
mediates (ROIs) produced in mitochondria. This leads
not only to GSH depletion, but also to caspase-3 ac-
tivation and phosphatidylserine externalization on the
outer leaflet of the plasma membrane, characteristic
hallmarks of active apoptotic cell death [3]. Almost
all the studies suggest that oxidative damage and cell
death contribute to the decline of CD4 lymphocytes
which occurs during the course of HIV infection, al-
though the possible link between these two processes
remains to be elucidated [20]. The difficulty of un-
ravelling these aspects is illustrated by the functional
complexity of the GSH metabolic system which must
be coordinated through specific enzymes, such as the
gamma-glutamyltransferase (γ-GT), which may be ei-
ther soluble or membrane-bound [46]. This antioxi-
dant enzyme has been shown to be rapidly activated
in human lymphoid cells during the early phases of
apoptosis induced by the glucocorticoid dexametha-
sone [17] or by the oxidant deoxyribose [16]. Dur-
ing the late phases of programmed cell death induced
by this oxidant, theγ-GT activity was highly inhib-
ited [16]. The present study was designed to determine
the apoptosis rate in peripheral blood mononuclear
cells from HIV+ patients and to relate this to theγ-
GT-dependent intracellular GSH metabolism involved
in protecting the cells against the oxidative stress asso-
ciated with immune deficiency. The apoptosis rate and
relative distribution of the various lymphocyte subsets
have been investigated as a function of the clinical sta-
tus of the disease and monitored during antiretrovirus
therapy.

2. Methods

2.1. Materials

Monoclonal antibodies (SimultestTM-IMK) were
purchased from Becton-Dickinson, Basel, Switzer-
land. Ficoll-Hypaque was from Fakola AG, Basel,
Switzerland. All other reagents used for the various as-
says were purchased from Sigma AG, Buchs, Switzer-
land.

2.2. Patients and healthy blood donors

Several cell parameters, detailed below, were re-
peatedly determined at regular intervals (followed-up

for 60–72 months) in K3-EDTA-blood samples within
2 hours of venipuncture. The study included 251
HIV+ patients with intravenous drug abuse and a to-
tal of 1573 determinations were obtained. The gen-
der composition of the HIV patients was 59% men
and 41% women, with ages ranging from 15 to 68
years. 38%, 34% and 28% were at clinical stages A
(asymptomatic), B (with minor opportunistic infec-
tions), and C (with AIDS defining conditions), respec-
tively, when they first presented. There were 40 healthy
donors (55% men and 45% women) with ages rang-
ing from 19 to 56 years. The patients were treated
according to the protocol established by physicians
of the Servizio Malattie Infettive, Ospedale Civico,
Lugano, Switzerland. Their treatment consisted of
either (i) nucleoside inhibitors of reverse transcrip-
tase, (ii) non-nucleoside inhibitors of reverse transcrip-
tase or (iii) inhibitors of viral protease. Cell param-
eters were followed before and during antiviral ther-
apy (started on June 1996) in five out of 251 HIV-
infected patients, defined at the first presentation as
follows: patient I, stage A and patients II, III, IV, V,
stage B. Patient I was treated with Indinavir/d4T up
to February ’97; AZT/Indinavir/3TC up to Decem-
ber ’98 and then with Abacavir/Efavirenz/Nelfinavir.
Patient II was treated with Indinavir/AZT/3TC up to
April ’97; with Ritonavir/Invirase/d4T up to October
’98 and then with Saquinavir/Abacavir/d4T/Efavirenz.
Patient III was treated with Indinavir/AZT/3TC. Pa-
tient IV was treated with Indinavir/ddI/d4T. Patient V
was treated with AZT/3TC. The time course of cell pa-
rameters for patient III alone (stage B) has been re-
ported in Fig. 3.

2.3. Lymphocyte immunophenotype

Immunophenotype lymphocyte subsets were as-
sessed after lysis of whole blood by staining with the
SimultestTM IMK from Becton-Dickinson, a two-color
direct immunofluorescence kit for counting leukocytes
(CD45-FITC), T lymphocytes (CD3-FITC), helper/in-
ducer T lymphocytes (CD3-FITC/CD4-PE), suppres-
sor/cytotoxic T lymphocytes (CD3-FITC/CD8-PE),
natural killer T lymphocytes (CD3-FITC/CD16+
CD56-PE), B lymphocytes (CD3-FITC/CD19-PE) and
monocytes (CD45-FITC/CD14-PE). HLA-DR T-lym-
phocytes were stained with CD3-FITC/DR-PE anti-
bodies from Becton-Dickinson. All PBMC stained
subpopulations were analyzed using a FACscan flow
cytometer equipped with Simulset software. Absolute
lymphocyte counts were performed by TrucountTM ab-
solute counting procedure from Becton-Dickinson.
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2.4. Isolation of the peripheral blood mononuclear
cells

PBM cells were isolated from blood samples on a
Ficoll-Hypaque gradient, by the usual method [16],
washed twice with NaCl 0.9%, pH 7.4, and counted us-
ing a Neubauer chamber. PBMC viability, determined
by trypan blue exclusion, was always greater than 95%.

Cell homogenates were obtained by homogenizing
the cell suspensions in NaCl 0.9% at pH 7.4 (10 strokes
up and down at 4000 rpm) and used for enzyme ac-
tivity determinations, providing optimization for dura-
tion, pH, protein and substrate concentration.

2.5. Assay ofγ-glutamyltransferase

γ-Glutamyltransferase (γ-GT; EC 2.3.2.2) was as-
sayed by incubating homogenates of PBMC (50µg
protein) in 1 ml of a reaction mixture containing
20 mM Tris-HCl buffer pH 8.0, 60 mM glycylglycine,
300 mM NaCl and 2.5 mMγ-glutamyl-p-nitroanilide.
The reaction was terminated by adding 2 ml 1.5 N
acetic acid. The mixture was cleared by centrifug-
ing (800× g, 20 min at 4◦C) and the absorbance of
the p-nitroaniline in the supernatant was measured at
410 nm using a Beckman DU-65 spectrophotometer.
The enzyme activity was expressed in nmol/min/mg
protein [16].

2.6. Characterization of apoptosis

2.6.1. Annexin-V binding
Annexin-V is an adhesion molecule which, in pres-

ence of Ca2+, is tightly bound to the phosphatidylse-
rine exposed on the outer membrane leaflet of mononu-
clear cells undergoing apoptosis [30]. Annexin-V–
FITC was diluted 10-fold with binding buffer contain-
ing CaCl2. Fiveµl of diluted annexin-V–FITC were in-
cubated with 50µl of whole blood for 20 min at room
temperature. After lysing with Becton-Dickinson lysis
buffer, the white blood cells were washed twice and
analyzed using a FACscan flow cytometer equipped
with Simulset software. Each final assay sample con-
tained 24.5 mM CaCl2. This value was determined
from the dose/response curve for whole blood from
healthy donors for CaCl2concentrations ranging from
0.4 to 30 mM. At 24.5 mM CaCl2, two main con-
ditions were fulfilled: firstly, the binding of annexin-
V–FITC to white blood cells was found to be opti-
mal, and secondly, no any coagulation occurred. This
was because the anticoagulant action of the calcium-

chelating K3-EDTA (5 mM) added to the blood sam-
ple was preserved. This is probably attributable to a
salting-out like process that inactivates the serum pro-
teins involved in coagulation.

2.6.2. Permeability of cell plasma membrane to
propidium iodide (PI)

The permeability was measured by flow cytometry
on isolated PBMC as described by Graber et al. [6,
16]. It has been shown that cells which have a plasma
membrane with an intact lipid bilayer successfully ex-
clude lipophilic dyes, such as PI, whereas cells in
which the membrane structure has been breached do
not. Membrane permeability to PI is thought to be in-
dicative of apoptotic cell death. Apoptotic cells dis-
play intermediate patterns of membrane permeability,
resulting in variable dye uptake. Cells (1× 105–106)
from healthy donors and HIV-positive patients were
collected by centrifuging on Ficoll-Hypaque gradients,
resuspended in 0.5 ml NaCl 0.9%, pH 7.4 containing
5 µg/ml PI, incubated for 7 min at room temperature
and washed with NaCl. Histograms of the cell sub-
populations were obtained using a FACscan (Becton-
Dickinson) equipped with Lysis II software, which was
able to distinguish three main fluorescence peaks, cor-
responding to cells with low, intermediate and high lev-
els of permeability.

2.7. Statistics

None of the immunologic and cell parameters mea-
sured in PBMC isolated from HIV patients (N = 251)
and from normal donors followed a normal (Gaussian)
distribution, and so median values were determined
to provide reliable descriptors of different groups of
probands, namely PBMC from HIV+ patients (at clin-
ical stages A, B and C) and from healthy donors. The
data were analysed using non-parametric statistics, in-
cluding the Kruskall–Wallis and Mann–WhitneyU
tests. The Spearman correlation coefficient test was
used to carry out the statistical analysis of correlations.

3. Results

The data reported in Table 1 and in Fig. 1a show that
the median values of CD45-leukocytes, and CD3-T,
CD4-T, CD19-B and CD16/56-NK lymphocyte sub-
populations were significantly lower (p < 0.001) in
HIV patients than in normal donors. CD14-monocytes
were slightly lower (p = 0.05), and the CD8-T sub-
set were the same in these two groups. HLA-DR
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Table 1

Range of values (cells/µl) and median values± standard error on the median (SEM) testing positive for CD45, CD14, CD3, CD8, CD4, CD16/56,
CD19, HLA-DR, annexin-V andγ-GT activity (nmol/min/mg) in PBMC from healthy donors and HIV+ intravenous drug abusers

CD45 CD14 CD3 CD3/CD8 CD3/CD4 CD16/56 CD19 HLA-DR Annexin-Vγ-GT
nmol/

cells/µl min/mg

Healthy range 828–3320 18–1008 322–2566 149–2202 265–1870 59–630 83–730 30–472 8–355 3.1–28.6

donors median± 1885± 944 300± 150 1425± 771 599± 354 873± 372 200± 78 200± 90 125± 69 65± 8 23.1± 4

SEM

HIV range 40–6400 0–1740 10–4920 3–4500 0–2110 0–1020 0–1128 0–2870 0–1631 0–25.9

median± 1292± 180 252± 17 941± 60 690± 50 220± 10 110± 8 115± 10 313± 20 140± 8 7.25± 2

SEM

was the only parameter measured which exhibited a
significantly increased median level in HIV patients
(Fig. 1a). The range of immunophenotype parameters
measured was generally wider in HIV patients, due to
the higher upper limits (Table 1). Significant differ-
ences were found in the surface profile parameters of
PBMC from stage A, B and C HIV-groups, particu-
larly between groups A and B and/or groups A and
C, rather than between groups B and C. The abso-
lute cell count (median value) of CD45, CD3, CD4
and CD8 lymphocytes and CD14 monocytes in groups
A/B and A/C were most affected, whereas in groups B
and C, changes were restricted to the CD3-T, CD19-
B and CD16/CD56 lymphocytes (Fig. 1a). It is note-
worthy that the CD16/CD56 subset value was simi-
lar in groups A and C, but all the other immunologi-
cal markers tended to decrease as the severity of the
AIDS increased (stages A, B and C). Distinct func-
tional parameters expressed at the lymphocyte surface
were found to be significantly altered: there were more
than twice as many cells positive for annexin-V bound
to membrane phosphatidylserine (p < 0.01) in the
whole HIV-PBMC population and the specific activity
of the ectoenzymeγ-glutamyltransferase was one third
(p < 0.01) (median value: 7.25± 2.0 nmol/min/mg)
that found for the PBMC of the control group (23.1±
4.0 nmol/min/mg) (Table 1; Fig. 1b,c). There were no
statistically significant differences (median values) be-
tween the three groups of patients for apoptosis as
measured by annexin-V level, intermediate membrane
PI permeability or byγ-glutamyltransferase activity
(Fig. 1b–e). The distribution of cells with an inter-
mediate degree of permeability to propidium iodide,
paralleled the relative distribution of annexin-V pos-
itive cells (Fig. 1d) which in turn mirrored the ab-
solute number of annexin-V positive cells (cells/µl)
among the different groups (Fig. 1b). A positive cor-
relation (Spearman rank correlation) could be estab-

lished between the absolute numbers of annexin-V
positive cells (cells/µl) and of CD3, CD8 and CD19
lymphocytes, but unexpectedly not with the CD4 lym-
phocyte subpopulation (Fig. 2). The clinical signifi-
cance of recording lymphocyte subsets was inferred
from analyzing experimental data collected from five
HIV-infected patients during extended follow up (min-
imum 36 months) before and during antivirus ther-
apy, as illustrated for a single patient (patient III). Fig-
ure 3a shows that the therapy, consisting of the cock-
tail of specific antiviral agents produced rather dis-
parate effects on the various mononuclear cell popu-
lations. The CD3, CD4 and CD8-T subpopulations all
displayed their own course of oscillations the ampli-
tude of which was lower than before therapy. In con-
trast, the annexin-V positive lymphocytes continued to
display widely oscillating values even under therapy,
as indicated by the coefficients of variation (Fig. 3b).
During therapy, the CV values for the CD3/CD4/CD8
T-lymphocyte subpopulations were less than 40%, i.e.,
always less than before therapy, whereas the CV value
for annexin-V positive cells remained at about 60%
(Fig. 3b). Figure 3c reveals that mean and median val-
ues of specific lymphocyte subpopulations were mod-
ified after therapy. Cell values reported before and af-
ter therapy could not be described mathematically, be-
cause they did not asymptotically converge toward a
steady baseline-level, although the amplitude of oscil-
lations generally decreased during therapy.

4. Discussion

In this study we investigated the occurrence of spon-
taneous apoptosis in peripheral blood mononuclear cell
(PBMC) subpopulations from HIV-infected patients as
a function of the oxidative metabolism and the ex-
pression of the cell phenotype. With the exception of
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Fig. 1. Median values± one standard error on the median of immunological markers (a), and of annexin-V level, intermediate PI permeability
andγ-GT activity (b,c,d,e) measured in PBMC isolated from healthy donors (N), from the total HIV population (HIV tot), and from subclinical
groups A, B and C. *; **; ***: significantly different (p < 0.05;p < 0.01 andp < 0.001, respectively).
Continued on next page.
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Fig. 1. (Continued.)

suppressor CD8 cells, all the mononuclear cell sub-
sets, including CD4, CD19, CD14 and CD16+CD56
were found to be lower than those of freshly isolated
PBMC from healthy individuals. The only cells show-
ing a marked increase were the HLA-DR activated
T-cells (300 vs 120 cells/µl) and cells bearing apop-
totic markers (140 vs 65 annexin-V positive cells/µl)
which were increased twofold in these HIV blood sam-
ples. Previous studies have reported that lymphocytes
from HIV-infected subjects have a low apoptosis rate
(<5%), similar to that of PBMCs from healthy in-
dividuals [14,15]. Our investigation revealed that the
frequency of spontaneous apoptosis, measured either
by annexin-V binding or PI permeability, was simi-
larly increased in the three major clinical subgroups
of HIV patients (corresponding to clinical stages A,
B and C). In contrast, all the other immunopheno-
typic parameters measured were significantly differ-
ent in the different groups, but the highest values were
found in the asymptomatic group A. It has already
been shown that immune-activated (CD38+) CD8 lym-
phocytes were cells committed to apoptosis in HIV-
infected patients [20,28]. An increase in the number
of apoptotic CD3+ T-cells was observed which paral-
leled that of HLA-activated cells [14]. The data for the

lymphocyte subsets committed to apoptosis displayed
some discrepancies. On the one hand, some data have
been reported showing that more than 80% of circu-
lating CD4+ T-cells from asymptomatic, HIV-infected
individuals were apoptotic [1]. On the other hand, a
correlation was observed between apoptosis of both
CD4+ and CD8+ T-cells with CD4+ T-cell depletion
in HIV-infected children and adults [9]. Most studies
have revealed that apoptosis, whether occurring spon-
taneously or inducedin vitro, affects the CD4+ T-cell
subset to the greatest extent and is the main cause of
depletion of this subset in HIV+ patients [12,15,36,50],
whereas B-cells are only involved in a few cases [6,45].
A single study seemed to show that apoptosis was also
enhanced in CD8+ cells [5]. Studies of CD4-depletion
in HIV patients, have shown that increased lympho-
cyte apoptosis is sometimes detected in long-term non-
progressor subgroups of HIV-infected patients prior to
the decline in their CD4+ T-cell [19]. Recently, sev-
eral authors have proposed that CD4-T-cell lymphope-
nia could be due to a failure in the replacement of T-
cells, including both the CD4 and CD8 subsets, and/or
to a shorter survival time of the CD4 subset [8,26,37]
rather than a CD4 T-cell destruction [11]. The rate of
CD4+ T-cell production is higher in treated HIV pa-
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Fig. 2. Relationships between the annexin-V-positive cell count (cells/µl) and the absolute celll number (cells/µl) positive for CD3, CD19, CD8
and CD4 distinct subpopulations. The Spearman correlation significance (p) is indicated on the top of each figure. The Spearman rank correlation
coefficients (rs) are: 0.31; 0.16; 0.35; and 0.09 for the correlations plotted in (a) (b) (c) and (d), respectively. Only in plot (d) there was no
significant correlation between CD4/A-V, as indicated byp = 0.06.

tients than in controls and untreated patients, and this
has led to the suggestion that antiviral therapy could
disinhibit the T-cell production machinery [19]. Such
claims are based on single or repeated determinations
during a relative short period of treatment [11,19]. We
took a different approach and monitored the expres-
sion of CD3, CD4, CD8 and CD19 subsets plus the
apoptotic marker annexin-V in five HIV+ patients un-
dergoing antiviral therapy over a period of more than
30 months (Fig. 3 reports data from patient III only).
Repeated flow-cytometric determinations revealed in-
dividual fluctuations of the various cell subsets, but the
common pattern which emerged was the amplitude of
these fluctuations was smaller than during the period

without specific antiviral therapy. This was reflected
by smaller coefficients of variation (CV). The outcome
seemed to be fairly stable for each patient undergoing
therapy. Coincidentally, the median values thought to
be representative distribution descriptors of the cell pa-
rameters involved in the immune response were mostly
unaffected. Overall, our findings tend to highlight that
after a slight increase in the distinct T-cell subset and
in the apoptotic process in the PBMC populations soon
after antiviral therapy was started, it then has a regula-
tory effect on these circulating immune cells in the five
patients examined. But even during therapy, the apop-
totic cell level continued to vary widely, with CV>
60%. The behavioural trend for each cell subpopula-
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Fig. 3. Cell parameters before and during antiviral therapy for a single HIV-infected patient (stage B), representative of other four cases. Arrow
head (N) indicates the beginning of the therapy (June ’96). The patient was treated with Indinavir/AZT/3TC. (a) CD3 (�), CD4 (•), CD8 (◦)
T-cell absolute counts (cells/µl) and percentage of annexin-V positive apoptotic cells (% AP,�). (b) Coefficient of variation (% CV) before
(white column) and after therapy (grey column) for CD3, CD4, CD8 and CD19 and % of apoptotic cells (% AP) in these lymphocyte populations.
(c) Table summarizing median values± one standard error on the median (upper row) and mean values± one standard deviation (lower
row) before and after therapy for the CD3, CD4, CD8 and CD19 counts and % of apoptotic cells (% AP) in these lymphocyte populations.
*; **; ***: significantly different before and after therapy (p < 0.05;p < 0.01 andp < 0.001, respectively).

tion could not be assessed from our data, and the ul-
timate outcome of the therapy became unpredictable.
The observation together with the experimental evi-
dence that the CD4+ T-cell subset was not significantly
reduced could suggest, in partial agreement with what
was previously proposed [11,19] that production of the
entire T-cell population was maintained by the therapy.
Other authors have presented evidence that antiretrovi-
ral therapy (10–12 weeks) increases the absolute lym-
phocyte and CD4 T-cell counts and decreases apopto-
sis in CD4 and CD8 T-lymphocytes [4,31]. Another
study reported that early T-cell apoptosis did not de-
cline during 8 weeks of antiretroviral therapy, and that
about 30% of HIV+ patients displayed a marked de-
crease in T-cells with features of early apoptosis after
26 weeks of therapy [2]. We noticed a marked decrease
of the γ-GT activity involved in recycling extracellu-
lar glutathione in the PBMC of HIV+ patients. This
is further evidence of a perturbed redox potential and

consequently an increased oxidative level. In this con-
text, it has been observed that in normal human PBMC
a soon increase of theγ-GT content occurred in re-
sponse to induction of apoptosis and oxidative injuries
by deoxyribose. These cells were pre-apoptotic at this
stage but under prolonged deoxyribose exposure they
underwent irreversible apoptosis and simultaneously
displayed marked inhibition ofγ-GT activity and de-
pletion of intracellular GSH [16]. At the opposite, hu-
man lymphoid CEM cells responded to the glucocorti-
coid stress by inducing bothγ-GT and apoptosis [17].
Some authors had previously reported that the oxida-
tive stress associated with HIV infection induced GSH
depletion and the increased production of free radicals
and/or reactive oxygen intermediates, and was repon-
sable for the induction of apoptosis in the whole lym-
phocyte population [3,10,39,42,49]. Others identified
CD4 lymphocytes as preferential targets for cell death
during oxidative stress [22,29,43]. Whichever cell sub-
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set is involved in apoptosis, it could be well worth to
examine the effect of antioxidant agents on lympho-
cyte antioxidative defenses from AIDS patients.
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