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Summary  To estimate the duration and frequency of

the period of HIV infecdon without
detectable antibody, modelling techniques were applied to
results of detection of HIV DNA by means of the
polymerase-chain reaction (PCR) and to data from cases in
published reports. PCR was carried out with gag and env
region primers on samples from 27 homosexual and 12
haemophilic men for whom stored samples were available
from before and after seroconversion; serum was also tested
for p24 antigen by antigen-capture enzyme immunoassay.
HIV DNA was detectable before seroconversion in 4 men;
in all 4 PCR was positive only in the seronegative sample
taken closest to the time of seroconversion. In 3 men antigen

was detected before seroconversion; in each case HIV DNA.
was also detected. By a Markov model, the time from -

infection with HIV (as assessed by detection of HIV DNA)

1o first detection of HIV antibody was estimated to be 2+4
(SE 2'1) months for the median individual. Modelling of
cases of HIV infection with known exposure in published
reports gave a median estimate of 2-1 (0-1) months from
exposure to antibody detection, and 95% of cases would be
expected to seroconvert within 5-8 (0-6) months., HIV
infection for longer than 6 months without detectable
antibody seems uncommot.

Introduction -

INFECTION with the human immunodeficiency virus
(H1V) is usually identified by .recognition of specific
antibody to the virus, but in sorhe people virus can be;
detected before the appearance of antibody by culture or
detection of antigen.’* HIV DNA can also be detected in
peripheral blood mononuclear cells in the absence of HIV
antibody.”® In most people with known HIV exposure who
have been followed prospectively, detectable antibody has
developed within 6 months,’® but Imagawa et al® have
reported cases of HIV infection for as long as 35 months
without detectable antibody.

The length of time that a person is infected with HIV
before antibody is detectable and the frequency of long
antibody-negative periods have important public health and
clinical implications. HIV-infected people who have sexual
contact or donate blood during this period may infect others

. despite negative serological tests.’® Defining the time to

seroconversion would also help health professionals to
reassure seronegative people who have been exposed to HIV
that they are not infected.

Infection with HIV results in incorporation of HIV DNA
into host cells. Although HIV may be integrated into as few
as 1 in 10%-10° peripheral blood mononuclear cells,'* HIV
DNA in such a small percentage of cells can be detected-by
means of the polymerase chain reacion (PCR)
technique.”#%213_We have previously shown the greater
sensitivity of PCR rather than viral culture for detection of
HIV.4

)

We used PCR to analyse peripheral blood mononuclear
cells from 39 men before and after seroconversion to HIV
for evidence of HIV DNA. Since integration of HIV DNA
into host genome in vitro occurs rapidly after infection,!s we
assume that the PCR-positive, antibody-negative period is .
essentially the same as the period from infectiori to
seroconversion. We tised the results of PCR detection of
HIV DNA to estimate the time from HIV, infection to the
development of detectable antibody to HFV. This estimate
is supported by analysis of cases of HIV infection with a
known date of exposure in published reports.
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Methods

Cell and serum specimens were collected prospectively between
1984 and 1988 from participants in two studies of homosexual and
bisexual men (the Boston Parmers Study and the San Francisco
City Clinic Cohort Study) and from men with haemophilia in the
Hemophilia/AIDS Collaborative Cohort Study. Design and
recruitment of participants for these studies have been described
previously.!*® Ail men in the studies who seroconverted between
1984 and 1988 were included in this study.

Serum speciments were tested with commercial enzyme
immunoassays (Abbott Laboratories, Chicago, Illinois, or Genetic
Systems, Seattle, Washington) and oconfirmed by immuno-
fluorescence assay or western blot interpreted by standard criteria.'?
Antigen-capture assay for HIV p24 antigen used a sandwich
enzyme immunoassay with polystyrene beads coated with human
ant-HIV (Abbott). PCR was carried out as previously described,*
with, the following medifications: cells were lysed with a buffer
containing 10 mmol/l “tris”-HCl, pH 83, 6 mmol/l magnesium
chloride, 50 mmol/l potassium chidride, 0-45% ‘NP 40°, 0-45%
‘Tween 20°, 1 mg/ml gelatin, and 100 pg/ml proteinase K. The

DNA preparation was incubated at 56°C for 60 min, then at 95°C+’

for 10 min to inactivate proteinase K. A primer pair for the gag
region of HIV-1, SK38/39," was used to subject 25 pl DNA
preparation (corresponding to 150 000 cells) to 35 rounds of PCR in
a volume of 100 pl. Amplified DNA was detected by means of the
end-labelled gag-specific oligomer SK19.* A second primer pair,
SK68/69, for the enw region of HIV-1, was used to confirm all
samples with an end-labelled enw-specific oligomer, SK70,' wo
detect the amplified enw region product.

Cases of HIV infection whose date of exposure could be defined
to within 1 week were identified from published reports. All cases of
HIV infection by any route of exposure were reviewed. There were
many patients who were antibody positive when first tested but
were first tested more than 6 months- afier exposure; they

. contributed lirde to the Markov estimates and were therefore

excluded. We also excluded cases when we thought passive transfer
of HIV antibody from blood don’or 10 recipient had resulted ina
positve enzyme immunoassay. )

Since the progression from HIV infection to antibody detection is
a staged process, the data were analysed by a Markov model. 202!

Such a model divides an ordered clinical process into periods

defined by external criteria. Since the time of transition from one
stage to the next, and therefore the exact length of each stage, is not
usually known, statistical procedures are used to estimate the time
when the transition occurred. In this analysis, stage 1 was defined as
the period when the individual was negative by PCR and for
antibody; stage 2 when the individual was positive by PCR and
antibody negative; and stage 3 when the individual was positive by

PCR and for antibody. Results are expressed as a point estimate

(with SE) of the length of time that the median individual (and an
individual on the 95th centile) would be expected to remain in a
given stage; the stage of interest is the PCR-positive, antibody-
negative stage. This approach is particularly useful when data are
interval-censored (ie, the exact date of first appearance of HIV
DNA and that of first detectable HIV antibody are not known; what
is known is that the events occurred between defined sampling
times).

Results

Of the 49 men from the two homosexual/bisexual studies
and the haemophilic patient study who had documented
seroconversion to HIV between 1984 and 1988, peripheral
blood mononlclear cells from before seroconversion of 39
(80%) were available for study with the PCR technique. 35

* of the 39 men (90%) were PCR negative 539 months before

the first antibody-positive test (see table); 6 men also had
samples available from 5-19 months before their last
seronegative sample, and all were PCR negative. In 4 of the
39 (10%)HIV DNA was detected between 5 and 21 months
before the first positive antibody test (table). In 2 of the 4
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DETECTION OF HIV DNA IN PERIPHERAL BLOOD MONONUCLEAR
CELLS BEFORE AND AFTER DETECTION OF HIV ANTIBODY

PCR at latest | Time {mo) to PCR at Iatest | Time (mo) ¢~
sample before| postserocor- sarnplé before] postserocon-

* SEToConVer- Version seroconver- version

Patient sion sample  |[Patient sion sample
1 - 6 21 - 14
2 - 11 22 - 14
"3 - 8 23 - 34
4 - 10 24 - 21
. 5 = 9 25 - 22
6 bl 7 26 - i2
7 - 12 27 - 39
8 + 5 28 - 38
-9 - 23 29 - i1
10 - 26 30 - 14
8| -~ 18 31 - 12
12 - 16 32 + 11
13 - 17 33 - 19
14 - 19 34 + 12
15 - 12 35 - 12
16 + 21 . 36 - 13
17 - 12 - 37 - 37
18 - 7 38 - 35
v, - 25 39 . 16

20+ - 6

Patients 1-27 were homosexual men; patients 28-39 were men with
haemophilia.

men an additional sample that had been collected before the
PCR positive sample (5 months and 13 months) was
available; both samples were PCR negative. Of 23 patients
who were tested after HIV antibody had developed, 19 were
PCR positive, and 4 were PCR negative. Results with the
gag and env primer palrs were concordant for all samples,
positive'and negative.

In 33 of the 36 (92%) patients tested no- antigen was
detected before seroconversion. Antigen was detected 5-21
months before antibody in 3 patients: all were PCR-positive
at the same time. \

Markov auéysis of the time from detection of HIV DNA
by PCR to the detection of HIV antibody estimated a
median duration of 2-4 (SE 2:1) months. The time after
which 95% of cases would be predicted to have
seroconverted was 10:3 (9-3) months.

For comparison we reviewed reports of HIV-infected
patients with a known exposure date. The estimates
‘presented are derived from analysis of 45 cases: 7 due 10
wransfusion of gontaminated blood;?#2* 8 to organ

" transplantation from an infected donor?*%¥ 17 to

administration of _contaminated factor Vi 7 to
needlestick injury;*** 3 to mucocutaneous exposure to
contaminated blood;*% 2 to sexual contact with an
HIV-infected partner;**” and 1 to sharing of contaminated
equipment for intravenous drug abuse.® The model

" estimated the time from HIV exposure to detection of HIV

antibody to be 2-1 (0-1) months for the median individual
and 5-8 (0-6) for an individual on the 95th centile.

Discussion

Episodes of HIV infection lasting 6 months or longer
without the detection of antibody to HIV were first reported
in 1987.% Several groups of investigators have since’
concluded that such episodes are rare,>***°but Imagawa and
colleagues have suggested that the phenomenon may be
more common.® However, Imagawa and colleagues studied
only subjects in whom seroconversion had not occurred
despite extensive high-risk activity, which might have
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caused them to overestimate the frequency and duration of
the virus-positive, antibody-negative state. T avoid such
sampling bias, we tested 80% of all seroconverters found in
- three separate studies over a 4-year period. In a separate
study we also carried out PCR on cell samples from 89
seronegative men in the Boston and San Francisco studies
who were at especially high risk of HIV infection and did not
find any who were HIV-infected (unpublished). Therefore,

our analysis of the virus-positive, antibody-negative statein

seroconverters will not be an.underestimate because of
failure to include infected subjects who have not yet
seroconverted.

PCR is more sensitive than virus culture in detecung
HIV,* and can detect 1 virus copy in 10* to 10° cells.”31?
Sensitivity of detection is increased by the use of several
primer pairs and probes specific for different, highly
conseryed regmns of the HIV genome.'* Despite the use of
multiple primers, however, people ‘positive for HIV
antibody but withour detectable HIV DNA by PCR have
been reported!?'* and were seen in our study. Though it is
possible that rare antibody-negative, DNA-positive samples
. might not be detested by PCR, such cases would not
substantially alter the Markov estimates.

We estimated the duration of the PCR-positive,
antibody-negative period by means of a staged Markov
model, because the transitions to PCR positivity and to
antibody positivity were known to have occurred only
between the dates of the samples obtained (interval
censoring). Since samples were obtained without regard to
* clinical status, we assumed that the likelihood of transition

from one stage to the next was the same for all months R

during the interval.

We corroborated our estimate of the PCR-positive,
antibody-negative period by analysing cases from published
reports of HIV infection resulting from a known exposure.
A potential bias exists in such a survey because cases of
infection persisting for several years without the detection of
antibody might not yet have been reported. We think this
possibility is unlikely for two reasons. First, cases of chronic
infection without the development of detectable antibody
. would be of substantial public health interest, and would
probably be over-reported rather than under-reported;
however, no cases of HIV infection with a defined exposure
resulting in infection without the eventual development of
antibody have been reported. Second, in a prospective study
of health care workers exposed to HIV, no delayed
recognmon of mfecnon was seen in 250 exposed persons
who wete followed up for at Jeast 24 months.*

The estimate of time from exposure to seroconversion of
the published cases was similar to that estimated from the
PCR results. It is, however, much more precise because in
the case-reports only one of the two transition points was
interval-censored (ie, the exact date of exposure was known).
The time at which 95% of the reported cases could be
expected to have seroconverted was 5-8 (0-6) months after
exposure, compared with an estimated time of 10-3 (9-3)
months by the PCR analysis. The large standard error of the
estimate derived from the PCR results means that we cannot
conclude that the interval was significantly different. This
d:ﬂiaﬂ’t‘y arises because only 4 samples were PCR positive
before the detection of antibody. Until more experimental
data are available, we believe that the estimate from the
published cases should be used as a reasonable indication of
the time by which 95% of HIV-infected persons can bé
expected to have seroconverted.

-
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We conclude that detection of HIV DNA in peripheral
blood mononuclear cells by PCR precedes the appearance of
antibody and can be a useful adjunct to HIV diagnosis when
antibody is not detected but clinical suspicion is high and
early diagnosis is important. However, the assay requires
sophisticated laboratory facilities and is not yet suitable for
widespread use. Detection of antibody to HIV with enzyme
immunoassay kits now available should remain the standard
method of diagnosis of HIV infection. Analysis of available
data suggests that in about 95% of all individuals exposed to
HIV who become infected, antibodies ‘detectable with
currently available tests will develop within 6 months. Some
subjects may need a longer period of observation to establish

whether or not infection has occurred.

Correspondence should be addressed to C. R. H., AIDS Program G-29,
Centers for Disease Control, Atlanta, GA 30333, USA. »
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Autoantibodies that interfere with
neurotransmitter release by affecting the
funcuon of voltage—opmted calcium channels (VOCCs)
have been found in patients with Lambert-Eaton
myasthenic syndrome (LES). To find out the nature of the
antigen to which these autoantibodies bind, tests were done
with @-conotoxin, which blocks some types of VOCGCs.
LES antibodies were able 1o immunoprecipitate VOCCs
prepared from the human neuronal cell line IMR32 which
were pre-labelled with the specific VOCC ligand
@-conotoxin. LES autoantibodies are also able to
specifically down-regulate the expression of VOCGCs in
IMR32 cells. A new radioimmunoassay for the quantitative
detection of LES antibodies was developed and found to be
of value in distinguishing LES patients from patients with
myasthenia gravis and some other neurological disorders.

Sum:mary

Introduction

Lambert-Eaton myasthenic syndrome (LES) is a
neurological disorder characterised by a reduction in the
amount of neurotransmittess released presynaptically.’ It
is often associated with small-cell carcinoma of the lung
{SCL.C), and also with immunological disorders.'*

In 1981 Lang et al® suggested that LES was an
autoimmune disorder. Since then plasma and IgG from
LES patients have been shown to induce in mice the same
electrophysiological”* and morphological'**? alterations
found in man.?13 Also, LES autoantibodies can affect the
activity of voltage-operated calcium channels (VOCCs) in
both human small~cell carcinoma cells**** and in bovine
chromaffin cells.’* However, nothing is yet known, at the
biochemical level, about the nature of the autoantigen
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recognised by LES antibodies. In particular, it would be
important to know whether these antibodies bind to the
calcium channel itself or alter its function indirectly by
binding to other membrane molecules.

A new tool for the pharmacological and biochemical

 characterisation of VOCGCs is @-conotoxin (0Ctx), a 27-

aminoacid peptide synthesised by the marine snail Conus .
geographus."*® @-Cix binds and blocks neuronal VOCCs
specifically and thus inhibits the release of several

_neurotransmitters.'*% o-Ctx also blocks VOCCs on SCL.C

cells® but has no effects on the VOCCs of other .non-
neuronal tissues.?>**

There are high-affinity binding sites for **I-oCx in a
human neuroblastoma cell line, IMR-32.* This toxin
blocks part of the VOCCs expressed in IMR-32 cells (the
remainder being blocked by dihydropyridines), and it has
the valuable property of being an irreversible ligand for the
calcium channel. Here we describe an mlmunopreapltatibn
assay, similar to the one used for many years for the
detection of antinicotinic receptor antibodies in myasthema
gravis patients, its diagnostic value in LES, and its-use in
examining the antigen-specificity of LES autoantibodies.

) Patients and Methods
Parients

In the first set of experiments; the subjects were 12 patients with
typical clinical and electrophysiological features of LES!? (5 of
whomalsohad an SCL.C; 1 with SCL.Cbutno LES; 7 patients with
a definite diagnosis of myasthenia gravis; and 12 healthy, age-
matched, volunteers with no evidence of neurological or
immunological disorders. Some of the LES patients had organ-
specific autoantibodies but only 1 of them had nicotinic
acetylcholme receptor antibodies.® All the myasthenia gravis
patients had nicotinic receptor antibodies (range 2-8-79-5 nmol/l).

In the subsequent “blind* study, coded serum samples (from Dr
V. Lennon, Mayo Clinic, Rochester, Minnesota, USA) had been
obtained from 10 LES patients (5 with and 5 without SCLC); 6
SCL.C patients without LES; and 12 controls with neurological or
immunological disorders (Parkinson’s disease, amyotrophic lateral
sclerosis, multiple sclerosis, insulin-dependent diabetes meliitus).
The code was broken after the assay.

Cell Culture

IMR-32 cells (American type Culture Collection, Rockville,
USA) were cultured as previously described” in 10 cm diameter
plastic petri dishes containing minimum essential medium to which
were added 10% fetal caif serum, 100 IU/ml penicillin, and 100
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