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The impact of antigenic stimulation on the dynamics of simian immunodeficiency virus (SIV) repli-
cation was studied following repeated intravenous BCG inoculation of a SIV infected macaque. At
the site of a delayed type hypersensitivity reaction to purified protein derivative of M. tubercuiosis,
a distinctive SIV variant was noted, probably as a result of the infiltration of activated antigen-spe-
cific T cell clones as opposed to infection by blood borne virus in situ. The dynamics of SIV quasi-
species in peripheral blood suggests sequential waves of viral replication, illustrating the role of
antigenic stimulation as a driving force in viral dissemination and pathogenesis.

The cellular arm of the antigen specific immune system not only
provides essential help for the co-ordination of immune re-
sponses to microbes and neo-antigens, but also identifies and
eliminates infected cells. These functions are carried out by CD4
and CD8 T cells respectively. Human immunodeficiency virus
(HIV) is produced at the heart of lymphoid structures whose pur-
pose is the generation of antigen specific immune responses.
Infection is strongly focused on CD4 T cells, although antigen
presenting cells such as macrophages and dendritic cells may
also support HIV replication in vivo, albeit at lower frequencies'?.

In vitro, replication of HIV in T lymphocytes is linked to cellular
activation. Latently infected T lymphocytes can be induced to pro-
duce HIV after stimulation by mitogens, antigens or in a mixed
lymphocyte reaction. Although infection of quiescent T lympho-
cytes can lead to partial reverse transcription, productive infection
may be achieved only upon subsequent T cell activation®. The
adaptation of HIV to activated CD4 T cells is reflected in the struc-
ture of the U3 region of the LTR which encodes many recognition
sites for activation-dependent transcription factors, such as NF-kB
and NFAT-1 (for review see ref. 4). Other features of the biology of
HIV, for example nuclear transport and integration, also reveal this
link. In vivo, vaccination and microbial infections result in a tran-
sient increase of plasma viremia with a return to base line within a
matter of weeks*"". Within splenic white pulps, the finding of viral
founder effects as revealed by the sequence complexity of PCR am-
plified HIV DNA was attributed to the local recruitment and activa-
tion of antigen-specific T cell clones bearing HIV proviruses'.

An important model of AIDS pathogenesis open to experimen-
tation is that of SIV infection of macaques where events in the
lymphoid organs closely parallel those in humans'. Ongoing
SIV sequence variation is a marker for viral replication'*' and,
depending on the region studied, can be used to estimate the
number of rounds of replication between sequences. With this
in mind, the present study was designed to analyze the impact of
BCG inoculation on SIV distribution in immunocompetent
structures and peripheral blood.
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BCG inoculation protocol
Three rhesus macaques (Macacca mulatta, Mm246, Mm247 and
Mm250) infected with the SIV .5, strain were inoculated intra-
venously three times with sonicated live BCG at 18, 61 and 64
weeks post-SIV infection, the time points being referred to as
BCG1, BCG2 and BCG3 respectively (Fig. 1). Coincident with
BCG3, a skin test was performed on the right eyelid of the ani-
mals to test their reactivity to PPD (purified protein derivative of
M. tuberculosis). Peripheral blood samples were taken at numer-
ous time points before and after BCG inoculations enabling
analyses of T-cell repertoire and SIV quasispecies fluctuations in
peripheral blood mononuclear cells (PBMC) (Fig. 1). Two days
after BCG3, the animals were killed and lymphoid organs
(spleen, axillary, maxillary and inguinal lymph nodes) were col-
lected. Skin patches from the delayed type hypersensitivity
(DTH) reaction site (right eyelid) and normal skin (left eyelid)
were also sampled.

DTH reactions are mediated mainly by antigen-specific CD4+
T cells and macrophages infiltrating the test site together with
other inflammatory cells. A strong DTH response to PPD (> 6
mm) was observed for Mm247, while Mm246 showed no re-
sponse (in keeping with the variability of BCG responses in
macaques'®) and was not studied further. Mm250 unfortunately
died during anaesthesia. As even very weak antibody titers to
PPD can usually be detected in sera from vaccinated individu-
als®?, sera from Mm247 were tested for BCG-specific antibodies
in an ELISA. Reactivity was detected 21 days after BCG1 and sus-
tained thereafter. Successive boosts did not increase the plasma
antibody titers (data not shown).

T cell repertoire

To help define the T cell mediated response, analysis of the re-
arranged T cell receptor (TCR) Vf chains of the T cells infiltrating
the DTH site was performed by PCR amplification in a manner
analogous to that previously described for the human TCRBV'.
In this type of analysis, each T cell clone is defined by a peak at a
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Fig. 1 BCG inoculation protocol.

specific molecular weight related to the length of the TCRBV
CDR3. Peak areas are proportional to the size of the clonal popu-
lation. Generally, a discrete peak represents a single clone as con-
firmed by sequencing (ref. 12 and data not shown). Given the
patterns of TCRBV/B]J usage®?*?, approximately 80% of the reper-
toire was covered.

Twenty-one major and 91 minor peaks were identified in the
DTH site (right inflamed eyelid). A selection of representative
major peaks is given in Fig. 2. By contrast, only nine minor
peaks could be identified in the left eyelid (data not shown), in-
dicating that the profusion of T cell clones at the DTH site was
linked to the local immune response. Accordingly, the ensem-
ble of peaks/clones constitutes a reference against which the dy-
namics of the T cell repertoire in peripheral blood pre- and
post-BCG inoculation may be scored. A checkerboard represen-
tation of 19 infiltrating T cell

that appeared in blood by day 21 after BCG1. For many clones in
both groups, expansion was observed around days 7-10 post
BCG2, while most clones were present in peripheral blood and in
the spleen at the time of death, two days after BCG3.

In an attempt to define the subset of these T cell clones,
splenocytes were separated into CD8+ and CD8- fractions using
magnetic beads coated with CD8 specific mAb. Both CD8+ and
CD8- (i.e., CD4+) T cell clones were found within the first group
whereas the second harbored only CD4+ clones. Due to limited
material, a number of clones could not be clearly identified as
being CD8+/- for both groups (Fig. 3 legend). In keeping with
what is known about T cell infiltration into DTH sites', group 2
clones are probably BCG-specific CD4 T cells. Group 1 T cell
clones cannot be BCG-specific as they pre-dated initial BCG in-
oculation. Furthermore three of five clones corresponded to CD8
T cells. Their presence in the right eyelid and their expansion in
PBMCs at 7~10 days post BCG2 beg two questions: how were
they recruited to the DTH site; and what was the stimulus for
local and systemic amplification? If, apart from PPD, SIV was
also present at the DTH site, then the recruitment of SIV-specific
CD4+ and CD8+ cells would be anticipated.

SIV infiltration of DTH site

The V1 and V2 hypervariable regions of the SIV env gene were
PCR amplified from total DNA extracted from either the DTH
site (right eyelid) or the normal left eyelid as a control. SIV provi-
ral DNA was detected in the right eyelid yet absent from the left
eyelid even after nested PCR (Fig. 4). As a positive amplification
control, a fragment of comparable length corresponding to the
CD3y chain gene was amplified, and no difference was noted be-
tween left and right eyelid samples. The amplified SIV DNA infil-
trating the DTH site was cloned and sequenced.

Of the 34 recombinants sequenced, 33 belonged to a variant
characterized by an 18 bp duplication in V1 (Fig. 5a). (Sequences
bearing these motifs are henceforth referred to as “eyelid” vari-
ants.) A SplitsTree2 phylogenetic analysis®* revealed two clus-
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ters based on eyelid sequences 27 and 32, the latter being closer
to the SIVmac251 origin (Fig. 5b). It is possible to test the as-
sumption that sequence 32 represented a founder sequence with
all others derived from it. In view of an HIV/SIV base substitu-
tion rate of 2.5 x 10™° per base per cycle*?, a replication span of
between 10-24 hours' and two days between BCG3 and sacri-
fice, approximately 0.3-0.6 substitutions would be anticipated
among a collection of 33 such SIV V1V2 sequences (see Fig. 5 leg-
end). The observed minimum number of point substitutions
scored for these sequences was 12. Even if both sequences (27
and 32) were considered as founder sequences, four and six sub-
stitutions could be scored—far greater than the expected values.
In short there is too much diversity to support the above hy-
pothesis, and the sequences must either reflect multiple encoun-
ters between BCG activated CD4 T cells and circulating blood
borne virus or result from the recruitment of multiple BCG-spe-
cific T cells which were previously infected by eyelid variants.

Temporal dynamics of eyelid sequences
The spatial variation of SIV and the low titers of infectious
virus/PBMCs as a function of total virus/provirus load, preclude a
reliable comparison of SIV quasispecies derived from the DTH site
and peripheral blood. However, the temporal structure of SIV qua-
sispecies and their correlation with BCG inoculation, as well as
sampling multiple lymphoid organs, may shed light on the source
of the eyelid sequences. Accordingly, SIV .51 V1V2 DNA was am-
plified from total DNA derived from the sequential PBMC sam-
ples, cloned and approximately 20 clones per sample sequenced.
All samples were positive for SIV DNA. The proportion of eyelid se-
quences in each sample is shown in Fig. 6a. They first appeared
seven days after BCG2, peaked at ten days and declined thereafter.
Interestingly, the presence of the eyelid sequence in blood follows
the same kinetics as the TCR profiles of DTH-T cell clones, suggest-
ing a link to the anamnestic BCG response.

Eyelid sequences were found in pooled SMCs (Fig. 6b), mi-
crodissected splenic white pulps (Fig. 6b) and in four out of five
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lymph nodes (Fig. 6¢) at the time of death, representing 9.6% of
a total collection of 354 SIV sequences analyzed at death. As BCG
injections were performed intravenously, some of those immune
reaction sites must have been activated in response to BCG3 (i.e.
splenic white pulps and lymph node germinal centers). Whether
the SIV DNA is derived from splenic mononuclear cells, mi-
crodissected splenic white pulps or draining or distal lymph
nodes, nothing approaching a frequency of 97% (33/34) of eye-
lid sequences obtained at the DTH site was observed. It is there-
fore improbable that the eyelid sequences detected at the DTH
site represent chance encounters of circulating virus with anti-
BCG activated CD4 T cells or trapping of PBMCs harboring SIV
proviruses. Rather, our results support a tight association be-
tween BCG-activation of latently infected CD4 T cells and subse-
quent replication of SIV genomes bearing the SIV eyelid motif.
Although eyelid sequences were first detectable in the periph-
ery at day seven after BCG2 (Fig. 6a), SIV variants bearing some
of its traits could be found in peripheral blood samples immedi-
ately preceding BCG2, notably sequence R-3.8 (Fig. 7). Given the
quasispecies nature of SIV and finite sequencing (approximately
20 clones per sample) this finding suggests that the eyelid se-
quence was already present at the time of BCG2, its frequency in

a b

Fig. 4 a, Nested PCR amplification of SIV env V1V2 region and a
b, CD3y chain gene segment from Mm247 eyelids two days post-BCG3.
The skin patches were of comparable sizes. Cells were extracted from the
tissue by mechanical disruption followed by collagenase treatment after
which total DNA was phenol extracted. One microgram of DNA was
used for each amplification.
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calculation. However its relationship to eyelid sequences is shown by the
dotted line. A total of 20 substitutions (18 transitions and 2 transversions)
were discerned. Were this number to be randomly distributed throughout
the SIV,...5, reference sequence, the number of expected non-synonymous
and synonymous would be 14.4 and 5.6 respectively. This distribution is
not significantly different (x*> = 0.08, 1 degree) compared to the 15 non-
synonymous and 5 synonymous observed indicating that these substitu-
tions were essentially unconstrained. In this respect this observation
confirms the findings of a previous study'.

the periphery (particularly R+7 and R+10, Fig. 6) being amplified
by BCG inoculation from between 5% and 35%.

Discussion

The kinetics of Mm247 immune responses were typical for pri-
mary and secondary human immune responses to BCG, which
are detected approximately 21 and 7-10 days post immunization
respectively'*?*?, The emergence of group 2 CD4+ T cell clones
in peripheral blood around 7-10 days, coincident with a maxi-
mum in the proportion of SIV eyelid sequences, suggests a link
between activation of BCG-specific T cells and SIV eyelid variant
replication. The question becomes how SIV arrived at the DTH
site? The present data indicates that it was via recruitment of in-
fected cells rather than infection in situ by circulating virus.

The distinctive sequence motifs of the eyelid sequence, most
notably the 18 bp duplication, were fortuitous in that they con-
stituted a genetic marker. The wealth of SIV sequence data cou-
pled to the dynamics of TCR profiles allowed reconstruction of a
plausible sequence of events. Presumably during the primary im-
mune response to BCG, the eyelid ancestor (Fig. 7) became asso-
ciated with a BCG-specific T cell clone. After BCG2 inoculation
the clone was re-activated and proliferated in the secondary lym-
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phoid organs, resulting in selective amplification of the eyelid
variant over and above other SIV variants. At the same sites
(splenic white pulps, lymph nodes germinal centers) other BCG-
specific T cell clones were proliferating permitting the spread of
the eyelid variant yet maintaining its association with anti-BCG
immune response, The outpouring of the eyelid variant into the
periphery and subsequent decline is typical of a secondary BCG
immune response which is maximal around 7 days post inocula-
tion'®2°, As Mm247 was killed two days post BCGS3, it is perhaps
not surprising that the proportion of eyelid sequences in the pe-
riphery was as low as 5% as BCG specific T cells would be se-
questered in the lymphoid organs and the DTH site.

Evidence for dissemination also came from in vitro experi-
ments. CD8- mononuclear cells, purified from the right maxil-
lary lymph node (LN3) draining the right eyelid and the
corresponding left node (LN4), were cultured in the presence of
IL-2 in order to stimulate in vivo activated cells. After five hours,
the viral quasispecies present in the culture supernatants were
analyzed by RT-PCR. Interestingly, eyelid viruses were almost ex-
clusively recovered from LN3, while absent from LN4 culture su-
pernatant (data not shown), indicating that this variant was
actively replicating in the lymphoid structure draining the DTH
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Fig. 6 Temporal and spatial distribution of eyelid sequences in vivo.
a, Proportion of such sequences among all SIV sequences in sequential pe-
ripheral blood DNA samples. The time points are those shown in Fig. 1.
b, Distribution in splenic mononuclear cells teased from a large fragment
of spleen as well as 12 microdissected splenic white pulps. ¢, Distribution in
the right eyelid as reference and five lymph nodes, notably LN1 right axil-
lary; LN3 and 4, right (draining the DTH site) and left maxillary; LN5 and
LNS, right and left inguinal lymph nodes. Excluding the 34 clones from the
DTH site, approximately 20 clones per sample were sequenced represent-
ing a total of 664.

site. Hence localized in vivo BCG stimulation leads to dissemina-
tion of SIV. RT-PCR was also performed on total RNA isolated
from lymph node (LNS, right inguinal) mononuclear cells.
About 50% of the SIV clones sequenced harbored the eyelid
motif confirming that these genomes were replicating at the
time of death (data not shown).

Group 1 T cell clones could not be BCG-specific, being present
in the periphery before BCG1. Like BCG specific clones, these T
cell clones were expanded in the periphery at days seven and ten
post-BCG2. One explanation for their infiltration into the DTH
site is that they are SIV-specific clones recruited by infected BCG-
specific clones. The presence of these CD8+ T cell clones in a ma-
jority of splenic white pulps (data not shown) is reminiscent of
the observation of infiltrating anti-HIV CTLs in human splenic
white pulps™. This co-expansion of BCG-specific and SIV-specific
clones is concordant with an immunopathological model of SIV
infection. Indeed, as T cells are activated by their specific antigen,
they either become targets for SIV infection or become centers for
viral production in the case of those harboring latent provirus.
SIV replication ensues with the inevitable generation and accu-
mulation of mutants. At the same time, these infected T cells be-
come targets for destruction by SIV specific CTLs. However, the
elimination of the BCG-specific CD4 T cell population by anti-
SIV immune responses is partial, as three BCG inoculations did
not prevent a classic DTH response. It would be interesting to
evaluate how many rounds of stimulation are necessary to com-
pletely eliminate a memory T cell response to a given antigen.

The present data demonstrate, in vivo, the juxtaposition of
antigen, SIV replication and immune responses, that was hith-
erto inferred’. The remarkable short term stability of plasma
viremia presumably reflects immune system activation by om-
nipresent environmental microbes and antigens. Stimulation
with recall antigens ex vivo'®? or vaccinia virus superinfection in
the case of simian immunodeficiency virus (SIV) infected mon-
keys® results in HIV/SIV proliferation. Indeed, HIV is isolated
following PHA activation of mononuclear cells. The former ex-
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amples emphasize the point that HIV infection can be propa-
gated by infection of recently activated T cells while the latter
underlines the importance of latently HIV-infected T cells in sus-
taining viremia. Clearly, the current data represents a single case
study and further work is required to develop the notion that
antigen recruitment of specific T cells drives SIV replication.

Microbial replication is held in check by both non-specific and
antigen specific immunity. The latter involves activation and
proliferation of CD4 T cells which, in the case of HIV/SIV infec-
tion, become its prey. The outcome of this vicious circle clearly
depends upon the relative kinetics of viral replication and im-
mune responses which, given the polymorphism of outbred
populations, are probably variable. The association of AIDS with
opportunistic infections is well established and appears to be
deleterious™-*'. By this logic drug treatment of opportunistic in-
fections directly reduces viral load*. Vaccination of HIV infected
patients must be used with care as any stimulation of the im-
mune system will not only lead to a transient increase of
viremia*' but, as shown here, may also lead to the appearance
and dissemination of new HIV variants. However, given the
widespread interest in reservoirs of infection®° and their impor-
tance in sustaining proviral load in the face of highly active anti-
retroviral therapy, it might be possible to exploit antigen
stimulation as a means of depleting them, limiting further the
risk of drug resistant variants.

Methods

Macaques, immunization protocol and samples. Three macaques were in-
fected with the SIVmac251 strain. Details of the infection and immunization
protocols are shown in Fig. 1. Non-recombinant BCG (Pasteur 1173) was
used with a titer of 1.7 x 10° viable cfu/ml with 59% viability. It was sonicated
for 4 x 15 seconds at room temperature and once for 15 seconds in warm
water. All inocula were 1 ml. Two or three days after the third BCG boost, the
animals were killed. Five lymph nodes (LN1, right axillary; LN3 and LN4, right
and left maxillary; LNS and LNG6, right and left inguinal) and the spleen were
collected. Both eyelids were also dissected and frozen. White pulps were mi-
crodissected from the spleen and DNA was extracted as described®.
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Fig. 7 Precursors to the “eyelid” sequences D32 and D27 in peripheral
blood samples. Sequences are represented as in Fig. 5. They were among
sets derived from samples -21, +7, R-3 and R+7 (Fig. 1) as reflected by the
numbers/letters before the decimal, the number after the decimal refers to

the individual sequence. The defining traits are indicated by arrowheads.
They are steadily accumulated over time. Given the quasispecies nature of
SIV and the limitations of sampling the eyelid sequence R+7.5 was in all
probability present, with low frequencies, in samples R-3 and RO.

PCR. Amplification of SV, env V1V2 and TCRBV sequences were per-
formed as previously described, albeit adapted to the macaque TCRBV
loci’*, on 1 ug of each DNA or on microdissected splenic white pulps. A
linear amplification of TCRBV rearrangements, CD3y and SIV V1V2 was first
realized with a mixture of four primers (SIVout3, CD3-100, |$1.6-100 and
JB2.7-100). All PCR were performed according to the XL PCR conditions®
and consisted of a denaturation step at 95 °C for 5 min., followed by 100
cycles (95 °C for 30 sec., 55 °C for 30 sec., 72 °C for 10 min.), in a thermal
cycler with Ampliwax (Roche). Each linearly amplified product was then
used as a template for specific amplification using either SIV-specific
primers (SIVout5 and SIVout3) or a single TCRBV primer?' in combination
with the 13 TCRBJ-30 primers or CD3y-specific primers (CD3A and CD3B).
PCR reactions were carried out for 35 cycles as above except 72 °C for §
min., still using XL PCR and hot start conditions. For SiV, nested PCR was
also performed when insufficient DNA was available for cloning using the
SIVin3 and SIVin5 primers. For the cloning of specific TCR rearrangements,
DNA from the right eyelid was used as the template and amplification was
performed using the desired combination of TCRBV and TCRB| primers,
under the same conditions as above for 35 cycles. Cloning of blunt-end PCR
fragments and sequencing was as described'?.

Run-offs. To analyze CDR3 length polymorphism, linear amplification of
TCR rearrangements was performed with TCRB)-specific primers coupled
with the Fam fluorophore via a 5’-amino link Il group as recommended
(Applied Biosystems). The run-off reaction was performed in a volume of 20
ul using 10 pl of the amplified product as a template and the Stoffel frag-
ment of Taq polymerase (Perkin-Elmer-Cetus) with the same conditions as
described above. The products were linearly amplified for 20 cycles (95 °C
for 30 sec., 60 °C for 30 sec., 72 °C for 2 min.). A mixture consisting of a
quarter of the amplified products and molecular weight markers coupled to
the Rox fluorophore (Applied Biosystems) in formamide were separated on
a 6% acrylamide 7M urea gel on a ABl 373 DNA Sequencer (Applied
Biosystems) and data was collected and analyzed using the GeneScan Data
Collection and Analysis software (Applied Biosystems).

Primers. The SiVenvV1V2 primers were specific for the mac,s, sequence.
SIVout5 GAGGACGTATGGCAACTCTTTGAG, SIVin5 TTGAGACCTCAAT-
AAAGCCTTGTG, SiVin3 CAAGATTCTTGGATAACAGAAGTG, SiVout3 TAAG-
CAAAGCATAACCTGGAGGTG. Rhesus monkey TCRBV specific oligonu-
cleatides are available*'?* while primers mapping 3’ to the TCRB) regions
were chosen based on the M. mulatta TCRBJ loci®’; SJ1.1-30 TGGACC-
CACTTTTCCCTATGACGG, $5)B1.2-30 TCTTITGACATTTCCCAGCACAGAG,
S)B1.3-30 TTAACCTAAGCACTGGAGACAAGG, S)B1.4-30 CAGTGTCTACC-
CTCCCCCAAGGGG,  SJB1.5-30  ATCCTCCTCACCAGTGCTGGAAGG,
SJB1.6-30 CTTCCCAGCAACAGATAATTGCGG, Sip1.6-100 TGACCCTGAC-
CTCCATTCTTACATC, $§JB2.1-30 GGTTCTGGGGTCGTCCAGGCTGGG,
$)B2.2-30  AGCACAGCCCCTCTCGGAGTGGGG,  S)B2.3-30  AGCA-
CAAAAACTGGCCCTGCTATG, §)B2.4-30  AACCCGACGCCGTCTCTCC-
CCAGG, 5)B2.5-30 TCCCCACAAAAACCGGACCCAAG,  5)B2.6-30
CCTAGCACAGGGCGGGACCAGGTG, SJp2.7-30 GAGCGGGGAGGTGACG-
CTGCAGAG, §)B2.7-100 TGTCTTCCCAGGAGCGGGGAGGTG.

Those marked by the Fam fluorophore were coupled at the 5’ end by an
aminolink 1i; SJB1.1fluo ACTTTTCCCTGTGACGGATCTGCAA, Sjp1.2fluo
CCCTCATCGCACCCCTCCTAGAGACC,  SJp1.3fluoc AGCTGTCCAGCC-
TTGACTTACTCAC, SIp1.4fluo CCTTATAACACACTATCCCAAAAG,
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SIB1.5fluo  TACCACCCTGATTCTGCCAACTTAC, SJp1.6fluo  GCAACAG-
CTAATTGCTTTCAAACCC, SJp2.1fluo GCCCTCCCTCTCTCCCACCTGGAG,
SJB2.2fluc CCGCCCTCTCGGAGCGCTCCGGAG, §JB2.3fluo TTACCGAGC-
ACTTCAGCCGGTG, §Jp2.4fluc  AGGTCCCCCGGCGCCCCCAGCTTA,
SjB2.5fluc CCCGCGCTCACCCGAGCACCAGGAG, S)p2.6fluo CACCCGGA-
CCCCGCCGTCCGGTG, S)B2.7fluo GACCCAGGGGCTGGGAGGTGGAGAG.
Those for CD3y chain ampilification were: CD3-100 GTCGACTGCTAGCCC-
CCAGCTCGTAAGTA, CD3A GCCTGGCTGTCCTCATCCTGGCTATC, CD3B
TGGCCTATGCCCTTTTGGGCTGCATTC.

Phylogenic studies. The phylogenic relationship of SIV sequences was de-
termined by the SplitsTree2 program?® and ftp://ftp.uni-bielefeld.de/pub/
math/splits/splitstree2 or http://www.bibiserv.techfak.uni-bielefeld.de/splits.
Gaps were removed leaving 320 characters, a Hamming distance matrix
was used and bootstrapped 1000 times. The values for simple branches in-
volving one and two mutations were >60% and >86% respectively. The low
value for single mutations is to be expected. Ambiguously linked sequences
(D26 and D53 which could be recombinants) were excluded. Thereafter
100% of data was used to construct the tree.

ELISA. ELISA plates were coated with Tuberculin PPD (Central Veterinary
Laboratory, Weybridge, England) at 1 mg/ml. After saturation with BSA
(3%), incubation with serial dilution of the macaques sera, anti-PPD im-
munoglobulins were revealed by alkaline phosphatase conjugated anti-
monkey 1gG (Sigma Immunochemicals).
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