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SUMMARY

Proviral load as well as lymphocyte phenotype and function were compared in peripheral blood and
lymph node compartments of 17 HIV-1, 12 HIV-2 and three dually infected patients with lymphadenopathy.
The mean percentage (95% confidence interval (CI)) of CD4þ cells was higher in lymph node
mononuclear cells (LNMC) than in peripheral blood mononuclear cells (PBMC) in both infections,
being 26·7% (21·1%, 32·3%) and 15·3% (10·4%, 20·2%), respectively, for HIV-1-infected patients
(P¼ 0·0001) and 32·3% (22·7%, 41·9%) and 22·1% (13·6%, 30·6%), respectively, for HIV-2-infected
patients (P¼ 0·02). In both types of infection, proviral load adjusted for number of CD4þ cells was higher
in LNMC than in PBMC: the geometric mean (95% CI) was 8937 (4991; 16 003) and 4384 (2260; 8503),
respectively, for HIV-1 patients (P¼ 0·02) and 1624 (382; 6898) and 551 (147; 2058) DNA copies,
respectively, for HIV-2 patients (P¼ 0·05). Proviral load in both compartments was closely correlated
(HIV-1, r ¼ 0·60, P¼ 0·01; and HIV-2,r ¼ 0·83, P¼ 0·0003). In both infections, proliferation and
interferon-gamma (IFN-g) production in response to purified protein derivative (PPD) was lower in
LNMC than in PBMC, both of which, in turn, were lower than in healthy controls. These results indicate
that in HIV-2 as in HIV-1 infection, infected cells have a tropism for the lymph nodes resulting in higher
viral load in this compartment and lower lymphocyte responses to the recall antigen PPD which may
increase susceptibility to tuberculosis.
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INTRODUCTION

The central role of lymphoid organs as an important site for viral
replication during HIV-1 infection is now clearly understood.
Various studies have shown that infected CD4þ T lymphocytes
are sequestered in the lymph nodes during HIV-1 infection [1,2]
and that viral replication is active in these tissues. HIV-1 viral load
is higher in lymph nodes than in peripheral blood during the
asymptomatic phase of HIV-1 infection and this dichotomy is
reduced during progression to the late stages of HIV disease [2–6].
Limited studies on HIV-2 proviral load in peripheral blood of
asymptomatic subjects have shown that it is lower than HIV-1 and
is inversely correlated with the percentage of CD4þ cells [7–9],
but there is no information on lymph node tropism of HIV-2.

HIV-induced immunosuppression is related to depletion of
CD4þ T lymphocytes within peripheral blood and lymph node
compartments and also to functional alterations of viable CD4þ

lymphocytes. In both HIV-1 and HIV-2 infections, the function of
peripheral blood CD4þ T lymphocytes is altered early during the

course of the disease when the CD4þ cell count is still high and is
further impaired with disease progression [10–14]. The conse-
quences of the higher viral burden in the lymph node compartment
on CD4þ lymphocyte function have not been studied.

Therefore, in order to determine if the lymph node serves as a
reservoir during HIV-2 infection and to study the outcome of
increased viral burden in the lymph node compartment on CD4þ

lymphocyte function during HIV infection, we measured proviral
load in peripheral blood mononuclear cells (PBMC) and lymph
node mononuclear cells (LNMC) of HIV-1- and HIV-2-infected
patients and related these measurements to proliferative response
and interferon-gamma (IFN-g) production induced by the recall
antigen purified protein derivative (PPD).

SUBJECTS AND METHODS

Subjects
Peripheral blood and lymph nodes were obtained from 17 HIV-1,
12 HIV-2 and three dually seropositive individuals with persistent
lymphadenopathy who attended the Medical Research Council
(MRC) Laboratories clinic in The Gambia from August 1993 to
December 1996. Recruitment was consecutive with the exception
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of two patients who did not consent. Peripheral blood was also
obtained from 27 healthy HIV¹ blood donors and abdominal
lymph nodes from five HIV¹ donors (two adults with peptic
ulcer and three children with intestinal obstruction who had been
vaccinated with bacille Calmette–Gue´rin (BCG)). As blood sam-
ples were not obtained from the lymph node donors, their HIV
status was determined by polymerase chain reaction (PCR) on the
lymph nodes as described below.

HIV serology was determined using a combined HIV-1 and
HIV-2 enzyme labelled immunosorbent assay (ELISA) test
(Wellcozyme 1þ 2; Murex Diagnostics, Dartford, UK) and if
positive, type-specific competitive ELISA (Murex Diagnostics)
as well as synthetic peptide assays (PeptiLAV; Diagnostics
¹Pasteur, Marnes la Coquette, France). The patients and controls
or their parents were recruited following informed consent and
were counselled prior to HIV testing, and the study was approved
by the Gambia Government/MRC Ethical Committee. Because of
insufficient cell numbers all analyses could not be performed on
every patient studied. Thus the number of patients included in each
analysis is detailed in Results.

Isolation of mononuclear cells from blood and lymph node
Venous blood was collected in preservative-free heparin (10 U/ml).
Cervical lymph nodes were surgically removed and immediately
placed in serum-free RPMI 1640 medium (Whittaker, Verviers,
Belgium) and portions taken for microbiological and histological
examinations. Cells were teased out with forceps and the cell
suspension separated from the lymph node tissue material with a
tea strainer. PBMC and LNMC were purified by density centrifu-
gation on Lymphoprep (Nycomed, Oslo, Norway). The resulting
preparations yielded> 95% viable cells as determined by trypan
blue exclusion.

Flow cytometric analysis
Cell suspensions of LNMC and PBMC were dually stained with
FITC-labelled anti-CD4 MoAbs and PE-labelled anti-CD8 MoAbs
(Becton Dickinson, San Jose, CA). The lymphocyte population
was gated according to side and forward scatter properties and
CD4þ and CD8þ cell percentages were counted with a FACScan
apparatus (Becton Dickinson, Erembodegem, Belgium).

Analysis of T lymphocyte function
PBMC and LNMC were cultured in RPMI 1640 medium (Whittaker)
supplemented with 40 mM L-glutamine (Flow, Costa Mesa, CA),
10% heat-inactivated AB serum (Baxter) and 2% penicillin
(5000 U/ml)/streptomycin (5000mg/ml) (Flow) in two sets of
triplicate wells (7·5×104 cells/200ml per well) in 96-well round-
bottomed microtitre plates (Becton Dickinson, Nutley, NJ). Cells
were activated with PPD (Evans Medical Limited, Leatherhead,
UK) at 50 U/ml or phytohaemagglutinin (PHA; Murex Diagnostics,
Temple Hill, USA) at 2mg/ml. Proliferative responses were meas-
ured on day 4 for PHA cultures and on day 7 for PPD, after
pulsing with methyl-3H-thymidine (Amersham Life Sciences,
Aylesbury, UK) over 4 h in the case of PHA and over 18 h in the
case of PPD-stimulated cultures. Thymidine incorporation was
measured by scintillation with an automated Betaplate reader
(LKB 1205; Turku, Finland). Data were expressed as stimulation
index (SI)¼ log mean stimulated wells –log mean unstimulated
wells. A SI >2·5 was considered as a positive response. IFN-g

levels were measured in supernatants collected after 6 days of
PPD stimulation using a standard ELISA according to the

recommendations of the manufacturer (Mabtech AB, Stockholm,
Sweden) [15].

Quantification of proviral load
DNA was extracted from PBMC and LNMC of HIV-1, HIV-2 and
dually infected patients and proviral load determined by a quanti-
tative DNA PCR method as previously described [9]. The lower
limit of detection for both HIV-1 and HIV-2 in this system was
three copies per 105 CD4þ cells.

Statistical analysis
Differences in means or log10 means of normally distributed data
between PBMC and LNMC were compared by pairedt-test or in
the case of patients and controls byt-test. Proviral load was
compared between HIV-1 and HIV-2 after adjusting for CD4 %
by regression analysis. Dual infections were handled in different
ways. Thus, in the analyses of type-specific proviral load these
patients were counted twice, whereas in the overall analyses and in
the correlations between proviral load and proliferation or IFN-g

responses, the dually infected patients were regarded as a single
entity and the sum of HIV-1 and HIV-2 proviral load values used.
Correlations were assessed by Pearson’s correlation coefficient.
Discrete data were compared between groups by thex2 test with
Yates’ correction or by Fisher’s exact test as appropriate. The SAS
System for Windows was used for the analysis. Due to technical
errors or lack of cells, all tests could not be done on all patients.
Hence numbers vary in different tables.

RESULTS

As is our general experience, HIV-2-infected patients were in a less
advanced clinical stage of disease and had higher mean CD4 % in
peripheral blood than HIV-1-infected patients (Table 1), although
this difference was not statistically significant (difference in means
¼ 6·8%;P¼ 0·12).

CD4 % is lower in PBMC than in LNMC in HIV infection
The mean percentage of CD4þ and CD8þ lymphocytes in PBMC
and LNMC of HIV-infected patients and controls is shown in
Table 1. In both HIV-1- and HIV-2-infected individuals, the
percentage of CD4þ cells was significantly lower in PBMC than
in LNMC, while the opposite was observed in cells obtained from
controls. In contrast, the percentage of CD8þ lymphocytes was
found to be significantly higher in PBMC than in LNMC both in
HIV-infected patients and in healthy controls (Table 2). Percen-
tages of CD4þ lymphocytes in PBMC and LNMC were correlated
in HIV-1 (r ¼ 0·75,P¼ 0·001) and in HIV-2 patients (r ¼ 0·59,
P¼ 0·06) as well as overall (r ¼ 0·65,P¼ 0·001). Overall, mean
CD4 % in PBMC from HIV-infected individuals was significantly
lower than in controls (P<0·0001), while CD4 % in LNMC was
similar in both groups (P¼ 0·2).

Proviral load is higher in lymph node than in peripheral blood
Proviral load was measured in 13 HIV-1, 11 HIV-2 and three
dually infected subjects. Table 2 shows that both HIV-1 and HIV-2
proviral loads were two-to-five-fold higher in LNMC than in
PBMC, although the relative amounts expressed as geometric
mean ratios did not differ between the two infections, nor did
they differ significantly according to stage of disease as determined
by CD4 % (data not shown). In either infection and overall,
proviral load per 105 CD4þ cells was positively correlated between
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PBMC and LNMC (r ¼ 0·60, P¼ 0·01 for HIV-1; r ¼ 0·83,
P¼ 0·0003 for HIV-2; andr ¼ 0·82,P¼ 0·0001 overall). Similar
values were obtained when data expressed as copies per 105 MNC
cells were analysed. In both compartments, after adjustment for
CD4 %, HIV-1-infected patients had significantly higher geometric
mean values than HIV-2 patients.

Comparison of peripheral blood and lymph node T cell
proliferative responses to PPD
In order to evaluate the possible functional consequences of lymph
node tropism of HIV-1 and HIV-2, we compared the responses of
peripheral blood and lymph node T lymphocytes to the recall
antigen PPD and the mitogen PHA. In The Gambia, virtually all
adults have been infected with mycobacteria and healthy subjects
respondin vitro to PPD. T cell function was studied in 14 patients
with HIV-1, eight with HIV-2 and three with dual infection. PBMC
(n¼ 27) and LNMC (n¼ 5) obtained from controls showed strong
proliferative responses to PPD and PHA (Fig. 1). These responses
were significantly lower in HIV-infected subjects (P< 0·001

for both HIV-1 and HIV-2 for PPD and PHA). Among the 13
HIV-infected patients responding to PPD (SI$ 2·5) in either
PBMC or LNMC populations, the proliferative response induced
by PPD in the LNMC was significantly lower than in the PBMC
(P¼ 0·023). This difference was specific for PPD, as the PBMC
and the LNMC from these HIV-infected patients showed similar
responses to PHA (P¼ 0·6). The difference was also specific for
HIV infection, as proliferation induced by PPD or PHA was similar
in PBMC and LNMC obtained from controls (PPD,P¼ 0·4; PHA,
P¼ 1·0).

Both proliferative and proviral load data were available from
12 HIV-1, eight HIV-2 and three dually infected patients. In the six
patients (four HIV-1 and two HIV-2) who showed a SI>2·5 to
PPD in LNMC, the geometric mean proviral load was significantly
lower than in the other 17 patients who showed a SI< 2·5
(difference in means after adjusting for HIV type¼ 1·1 log10,
95% confidence interval (CI)¼ 0·39, 1·78;P¼ 0·004). In the
11 patients (five HIV-1, four HIV-2 and two dually infected)
who had a SI>2·5 to PPD in the PBMC compartment, the proviral
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Table 1.Mean percentage (95% CI) of CD4þ and CD8þ lymphocytes in peripheral blood mononuclear cells (PBMC) and lymph node
mononuclear cells (LNMC) obtained from HIV-infected patients and from controls

Percentage CD4þ cells Percentage CD8þ cells

PBMC LNMC P PBMC LNMC P

HIV-1 15.3 26.7 0.0001 59.3 39.6 0.0001
(n¼ 15) (10.4, 20·2) (21.1, 32·3) (51.8, 66·8) (34.3, 45·0)
HIV-2 22.1 32.3 0.02 46.3 31.7 0.009
(n¼ 11) (13.6, 30·6) (22.7, 41·9) (35.2, 57·4) (24.8, 38·6)
All* 18.2 28.9 0.02 54.2 37.5 0.0001

(14.0, 22·5) (24.4, 33·4) (48.4, 60·0) (33.4, 41·7)
Controls 45.2 35.7 0.02 32.7 21.4 0.004
(PBMC ¼ 22) (42.0, 48·3) (25.0, 46·5) (29.5, 35·8) (11.4, 31·4)

(LNMC ¼ 5)

*Includes three dually infected patients.

Table 2.Geometric mean (95% CI) proviral load in peripheral blood mononuclear cells (PBMC) and lymph node mononuclear cells
(LNMC) of patients

HIV-1 versus
HIV-2 P value

Proviral load HIV-1* (n¼ 16) HIV-2† (n¼ 14) All‡ (n¼ 27) (adjusted for CD4 %)

DNA/105 MNC LN 2326 (1315, 4115) 437 (109, 1745) 1225 (560, 2678) 0.02
PB 558 (303, 1030) 95 (27, 332) 321 (260, 932) 0.008
P 0·0001 0·001 0·0001

Geometric mean ratio 4·2 4·6 3·8 0.8
LN:PB (2·3, 7) (2·1, 10·2) (2·4, 6·1)
DNA/105 CD4þ LN 8937 (4991, 16 003) 1624 (382, 6898) 4613 (2062, 10 321) 0.03

PB 4384 (2260, 8503) 551 (147, 2058) 2167 (1015, 4629) 0.009
P 0·02 0·01 0·004

Geometric mean ratio 2·0 2·9 2·1 0.6
LN:PB (1·2, 3·6) (1·3, 6·7) (1·3, 3·4)

*Thirteen HIV-1, three dual infections.
†Eleven HIV-2, three dual infections.
‡Thirteen HIV-1, 11 HIV-2, three dual infections.



load was also lower than in the 12 non-responders, although this
was not statistically significant (difference in means after adjusting
for HIV type ¼ 0·43 log10, 95% CI¼ –0·23, 1·1;P¼ 0·18).

IFN-g production in response to PPD
In order to characterize further the response of PBMC and LNMC
to PPD, we also measured the production of IFN-g in all subjects
who had proliferative data (Fig. 2). A measurable amount of IFN-g

($ 1 U/ml) was produced by the PBMC of all 27 controls com-
pared with only 13 of 23 HIV-infected patients (P¼ 0·0001).
However, the IFN-g response was significantly higher in the 13
HIV-infected patients with measurable response than in the con-
trols (geometric difference in means¼ 3·6, 95% CI¼ 1·5, 8·8;
P¼ 0·007). The five patients who produced high levels had a mean
CD4 % of 21·40 (95% CI 13·3, 29·6), whereas the 10 patients who
failed to produce had a mean CD4 % of 11·0% (95% CI 4·5, 17·4;
P¼ 0·04). With regard to IFN-g production in the LNMC, this was
measurable in all five controls compared with only six of 23
HIV-infected patients (P¼ 0·005). IFN-g response among the six
HIV-infected patients with a measurable response was not sig-
nificantly different from that in the controls (geometric difference
in means¼ 1·02, 95% CI¼ 0·301, 3·64;P¼ 0·9). Thus the data
show that in HIV-infected subjects, IFN-g production induced by
PPD in PBMC showed a bimodal distribution. As was observed for
proliferative responses, IFN-g production among those who
responded was significantly higher in the PBMC than in the
LNMC (geometric mean ratio 19·6 (95% CI¼ 4·7, 81·1),n¼ 14,
P¼ 0·0006). A similar trend, but of lower magnitude, was
observed in the control cultures (geometric mean ratio 1·9 (95%
CI ¼ 0·94, 4·0),P¼ 0·08).

In the six HIV-infected patients who produced a measurable
amount of IFN-g within the lymph node compartment, the geo-
metric mean proviral load was significantly lower than in the other
17 non-responders (difference in means after adjusting for HIV
type ¼ 0·80 log10; 95% CI¼ 0·05, 1·56;P¼ 0·04). In the 13
patients with a measurable amount of IFN-g in the peripheral blood
compartment, the geometric mean proviral load was lower than in
the 10 non-responders, although this was not statistically signifi-
cant (difference in means after adjusting for HIV type¼ 0·27 log10;
95% CI¼ ¹0·44, 0·98;P¼ 0·44).

DISCUSSION

Our study shows that lymph nodes are a reservoir for HIV-2, as has
been described for HIV-1, and that in both HIV-1- and HIV-2-
infected patients the percentage of CD4þ lymphocytes is higher in
lymph nodes than in peripheral blood. This finding is in agreement
with other studies which show a higher proportion of CD4þ T cells
in lymph nodes of HIV-1-infected patients and of baboons infected
with HIV-2 [3,16]. The mechanisms underlying the relative
increase of CD4þ in the lymph node compartment are not
known, but could involve migration of CD4þ into these tissues
[17–19]. Alternatively, CD4þ cells within lymph nodes may be
less susceptible to HIV-induced depletion.

In our study, the percentage of CD4þ cells in the blood and
lymph node was strongly correlated both in HIV-1 and HIV-2
infections, which indicates that measurement of percentage of CD4þ

cells in the blood is a reflection of that in the lymph node. This
correlation was not observed by Meylanet al. studying lymph node
aspirates [3], which is less likely to be more representative of the whole
lymph node cell population than the lymph node biopsies we used.

We found HIV proviral load (expressed either as copies per
1×105 mononuclear cells or as copies per 1×105 CD4þ cells) to be
significantly higher in lymph node cells than in peripheral blood
cells in both HIV-1 and HIV-2 infections. To our knowledge, this
is the first report showing lymph node tropism of HIV-2. As has
been described for HIV-1 [1–4], the tropism of HIV-2 for lymph
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Fig. 1. T cell proliferative response to phytohaemagglutinin (PHA) and
purified protein derivative (PPD) of peripheral blood mononuclear cells
(PBMC) and lymph node mononuclear cells (LNMC) of HIV-infected
patients and controls. Box plot shows the median, 25th and 75th percentiles
of the controls (27 PBMC and five LNMC). Whiskers represent 10th and
90th percentiles. Dotted line represents cut-off for proliferative response.
Proliferative response was measured by thymidine incorporation on day 3
for PHA cultures and on day 7 for PPD cultures.
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Fig. 2. Production of IFN-g from peripheral blood mononuclear cells
(PBMC) and lymph node mononuclear cells (LNMC) of HIV-infected
patients and controls. Box plot shows the median, 25th and 75th percentiles
of the controls (27 PBMC and five LNMC). Whiskers represent 10th and
90th percentiles. Dotted line represents cut-off for measurable IFN-g

production. IFN-g was measured on day 6 in purified protein derivative
(PPD)-stimulated culture supernatants.



nodes was observed in patients both at an early stage of disease
when the CD4 count was normal and at later stages. However,
unlike a previous study of HIV-1 [4], the relative amounts of
provirus in peripheral blood and lymph node did not vary sig-
nificantly with stage of disease. Either HIV-2 did not cause as
much lymphoid destruction or, more likely, our numbers were too
small to demonstrate an effect. The proviral load in peripheral
blood and lymph node was strongly correlated both in HIV-1 and
HIV-2 infections, indicating that measurements performed in the
blood reflected the viral burden in the lymph node which was three
to five times higher, and this is relevant for the monitoring of anti-
retroviral therapies. The mechanism leading to the higher viral load
in the lymphoid organs probably involves trapping of HIV by
follicular dendritic cells and increased viral replication but could
also be the result of sequestration of infected CD4þ lymphocytes
[3,4]. Although CD4þ lymphocytes represent the most important
reservoir for HIV, CD8þ lymphocytes can also be infected with
HIV-1, especially in patients with advanced disease [20]. The
relative contribution of CD4þ and CD8þ lymphocytes as reservoirs
for HIV was not assessed in our population.

In order to evaluate the consequences of a higher viral burden
on the function of lymph node CD4þ lymphocytes, we studied their
response to the recall antigen PPD. CD4þ lymphocytes are the
main source of IFN-g during in vitro stimulation with soluble
mycobacterial antigens [21]. We found that, despite a higher
proportion of CD4þ lymphocytes, LNMC showed lower prolifera-
tion and lower IFN-g production in response to PPD than PBMC in
both HIV-1 and HIV-2 infections, and these responses were related
to viral load in the lymph node compartment. In peripheral blood,
the percentage CD4þ was an obvious determinant for those with
low values to produce IFN-g, whereas subjects with higher values
often produced more than the controls, suggesting a state of
hyperactivation. Together, these data suggest that the higher viral
load in LNMC could result in a more pronounced defect in the
function of CD4þ lymphocytes and could decrease the efficacy of
lymph nodes to limit the spread of pathogens such as mycobacteria.
Although the function of CD8þ lymphocytes was not assessed in
this study, it is likely that the impaired CD4þ cell helper functions
also affect the ability of these cells to induce cytotoxic T cell
responses of CD8þ lymphocytes which decrease as HIV disease
advances [22]. Our findings may also be important if patients
treated with anti-retroviral drugs are then offered immunotherapy.
Lymphocytes harbouring provirus may be stimulated to release
infectious virus, which by infecting bystander cells may diminish
the desired immune response.
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