Immunologic marker paths for seroconversion:

single determinations of immunoglobulin A and

By-microglobulin are not adequate to estimate
time of HIV infection

Multicohort Analysis Project Workshop. Part Il

Objective: To investigate the usefulness of single determinations of serum immunoglobulin (Ig)
A and B,-microglobulin (B;M) levels in estimating the time from HIV seroconversion.
Subjects: Five cohorts were represented in the workshop. The Multicohort Analysis
Project (MAP) workshop database comprised 1744 HiV-infected patients with
documented HIV seroconversion times, 363 of whom had AIDS. Overall, 1430
patients had two or more pre-AIDS CD4+ cell counts (13056 counts); 896 patients
had two or more pre-AIDS IgA measurements (6081 observations); but only 2964 B,M
measurements were available.

Main outcome measures: Marker paths for log. !gA and log, B>M and for yCD4+ cell
count. Dependence on cofactors (age, sex, mode of HIV transmission) and attention
to inter-individual variation in seroconversion level and annual decline in yCD4+ cell
count. Logistic discrimination was performed using cofactor-adjusted paired loge IgA
and log. B,M to date HIV infections as recent (within 3 years of seroconversion),
intermediate, or distant (> 6 years after seroconversion). Transition intensities between
immunologically defined states (using IgA or B,M) and to clinical AIDS.

Results: Linear functional form described the decline in yCD4+ cell count, except
for the Italian cohort where a steeper annual loss of yCD4+ cell count occurred in
the first year than thereafter. yCD4+ cell count at seroconversion depended on age
and mode of transmission. Annual loss of yCD4+ cell count was less severe in those
infected by sexual transmission. Non-monotone functional form emerged for loge 18A
with an initial decrease in the first year after seroconversion followed by an increase
thereafter. Log, IgA levels were higher in older subjects and in those infected by
sexual transmission, but lower in women. A quadratic growth curve described the
marker path for loge BoM, which increased for 5-6 years after seroconversion but
declined thereafter. Log. B,M values were significantly higher in older patients and
injecting drug users, but lower in women. The considerable heterogeneity of marker
paths between individuals affected all three markers, but marker values appeared to
track within an individual. Discrimination based on paired IgA and oM measurements
from single blood samples performed poorly in classifying HIV infections as recent,
intermediate or distant. High intensities of backward as well as forward transitions
between immunologically defined states explained the poor discrimination based on
single sample per individual.

Conclusions: Further study of how serum IgA reflects HIV infection and careful clinical
and statistical assessment of reduced B,M from 5 or 6 years after HIV infection are
needed. The dependence of marker paths on mode of HIV transmission suggests that
sexual transmission may have implications for HIV disease progression. The feasibility
of using serum IgA and B,M, evaluable in single stored blood samples, to estimate time
of HIV infection has been set back by our results.
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Introduction

Methods

In Part I, we showed that immunoglobulin (Ig) A
and B,-microglobulin (B,M) are jointly prognostic of
time to AIDS. Here, we investigate their usefulness
in estimating the time from HIV seroconversion by
considering the marker paths of CD4+ cell count (for
reference), IgA and B,M levels from seroconversion.

The stimulation of lymphoid cells, especially T cells,
with mitogens results in increased B,M production
(1. Increased levels are thought to reflect activation
of the immune system and raised values of B,M are
seen in a number of acute viral infections [2—4], liver
disease [5], renal failure and lymphoproliferative and
autoimmune diseases. Levels have been shown to
be higher in injecting drug users (IDU) [6] and in
patients with haemophilia 7], partly due to injecting
behaviour and the high incidence of liver disease in
these two groups. There is a suggestion that homo-
sexual men may also have slightly increased values
as a result of exposure to infectious agents. Further-
more, it has been suggested that African Americans
may have lower levels than other races [8].

IgA levels reflect B-cell activation and elevated levels
are seen in a variety of immune disorders such as
autoimmune diseases, malignancies, liver and renal
diseases and Epstein—Barr virus infection [9]. It has
been suggested that levels of IgA are higher in men
than in women [10], and that there may be racial
differences with Africans having slightly higher, and
more widely varying IgA levels [11], possibly be-
cause of the high prevalence of parasitic and other
infections in this group.

Published studies have suggested that both B,M
and IgA rise after HIV seroconversion and remain
raised throughout infection [9,12-15]. Levels of B,M
have been shown to decrease after the initiation of
zidovudine therapy [16,17], although this effect is
thought to be transient. Little work [15] has been
published regarding the effect of zidovudine on
IgA levels. Of particular relevance for public health
surveillance of HIV infection is whether marker
paths, or parametrizations of them, depend on cur-
rent age group, sex, exposure category and geog-
raphy. Because unlinked anonymous testing pro-
grammes [18,19] in hospitals, including antenatal
and genitourinary clinics, are likely to exclude or
at least differentiate patients with AIDS, we have
only considered marker paths up to AIDS diagnosis
in one of our evaluations but have included post-
AIDS values in the other. Data on zidovudine use
are not available from unlinked anonymous testing
programmes and so we used marker values before
and after the start of therapy. Elsewhere [20], we
have assessed whether initiating zidovudine therapy
affects marker values.

To stabilize variance and normalize residuals, a lo-
garithmic transformation was used for IgA and B,M
and a square root transformation for CD4+ cell
counts [20]. Box and whisker plots (Figs 1 and 2)
were used to display cross-sectional marker changes
in the years post-seroconversion, their relation to
age and exposure category (Figs 1 and 2). Each per-
son was represented by their first CD4+ cell count
in any year (if measurement occurred in that year)
and data sets for all five cohorts were pooled.

Two statistical approaches to the modelling of
marker paths were used in parallel. First, multile-
vel modelling [21,22] was chosen because it allowed
for inter-individual random variation in fitted lin-
ear or quadratic growth curves, and flexible analysis
of intercept, slope or quadratic parameter depen-
dence on covariates. The basic linear growth curve,
or random effects model, is specified by an average
(fixed) intercept and slope, the variance of individu-
alized intercepts and slopes (random effects) about
their respective average, and the residual variance of
observations about these individual growth curves.
All random effects are assumed to be normally dis-
tributed. Extension to accommodate the regression
effect of cofactors such as age, sex and exposure
category on the intercept and slope in a fixed or ran-
dom manner, and quadratic and higher order growth
curves can also be easily modelled.

Marker values following AIDS diagnosis are not con-
sidered and analyses were restricted to patients with
two or more pre-AIDS marker values. Multilevel
modelling for each marker was performed sepa-
rately for each cohort and for the Italian subcohorts
before performing a combined analysis.

A series of straight lines with appropriate slope
changes (piecewise linear) can be used to approxi-
mate any functional form. Thus, we adopted an al-
ternative approach of piecewise linear regression,
using a covariance structure to describe the tracking
of serial measurements for each individual [23,24].
Covariates can also be accommodated but have
been assumed here only to affect intercept, i.e.,
marker level at seroconversion.

Only the first observation per individual in each 4-
month period was used and post-AIDS marker val-
ues were retained for this second analysis. Regres-
sion slopes varied yearly, B, being the initial slope.
The estimated slope in a given year interval was the
sum of the slopes from the preceding and current
intervals. For example, the slope for the time 12-24
months would be B; + B, if there had been a slope
change after 1 year. One slope change was needed,
at most, to characterize the marker path for yCD4+
cell count [20], log. IgA (both had slope changes
after 1 year) and log. B M (slope changes after 5
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Fig. 1. Box and whisker plots for combined cohorts. Boxes
show the interquartile range and the whiskers show 1.5 times
the interquartile range. Misalignment of the notches on dif-
ferent boxes indicates significant differences between medi-
ans. (a) vCD4 cell count; (b) log, immunoglobulin A; (c) log,
B,-microglobulin for all cohorts.

years). The dependence of serial marker measure-
ments, separated by s multiples of 4 months for a
given patient, was formulated as 9, where y (Table
1) represents the correlation between marker values
measured 4-months apart on the same individual,
and 0 allows various forms of serial dependency be-
tween repeated measures (at multiples of 4 months
apart) on the same individual, ranging from an ex-
ponentially decaying structure (8 =1, most informa-
tion from the previous observation) to constant cor-
relation (0=0, all past measurements are weighted

equally). Values of 8 closer to 0 indicate higher de-
grees of tracking.

The above methods were applied to each marker
in turn and separate analyses were performed for
each cohort. A change in laboratory methods for
determining IgA and B;M in the Edinburgh cohort
from September 1990 onwards was later discovered
and adjusted for at analysis (but not in the box and
whisker plots). Of particular interest was the form
of the resultant piecewise linear regression, its re-
producibility across cohorts, and the influence of
surveillance covariates (age, sex, mode of transmis-
sion) on marker level at seroconversion. Covariate
influences on slope and changes of slope were in-
vestigated by multi-level modelling,

The covariate influences estimated from the com-
bined data were used to produce a bivariate plot
of covariate-adjusted log,. 1gA and log. B,M for a
basic (so-called training) set of 1500 samples. This
allowed us to make ordered logistic discriminations
between samples infected recently (within the last
3 years) versus intermediate HIV infections versus
distant infections (2 6 years). Predictive performance
was assessed by assuming that only a single blood
sample was available per individual, as in unlinked
anonymous testing programmes, and was shown to
be poor. The reasons for this relate both to inter-in-
dividual variation and to the intensity of backward
as well as forward transitions between immunologic
states defined by marker levels. We used IgA and
B.M values to estimate these transitions between
immunologic states and to the final state of AIDS
[25-28] in the same manner as CD4+ cell counts have
been considered previously by other authors {25,26].

Results

Measurement of IgA in pg/l (not performed in the
National Cancer Institute cohort) and B,M in mg/l
(only available at enrolment in the Toronto co-
hort) was cohort-specific and included evaluations
on stored as well as prospective sera.

The cross-sectional marker changes in the years
post-seroconversion, their relation to age and ex-
posure category are shown by box and whisker
plots. Median levels of yCD4+ cell count fell in
each year after seroconversion, with significant dif-
ferences in medians from year to year post-sero-
conversion (Fig. 1). Cross-sectional medians should
not be interpreted as a typical individual trajectory
because patients who progress rapidly to AIDS or
death do not contribute to the plot in later years. The
plot thus selects for more healthy individuals and we
have used shading as warning of this.

Median log. oM shows little obvious upward trend
in the box and whisker display (Fig. 1), despite the
fact that dramatic changes can occur within indi-
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Fi% 2. Box and whisker plots for yCD4 and Iog‘z immunoglobulin (Ig) A by risk and age-group at seroconversion and currently.
v

a)yCD4 cell count (s, homosexuals; T, others). (b) Loge I1gA (-

, homosexuals; 1, others).(c) yYCD4 cell count for homosexuals by

age (», <30 years; ¥, others). (d) Log. IgA for drug users by age (+, <30 years; 1, others).

viduals. B;M determinations were not available in
the London cohort until at least 5 years after sero-
conversion. In the log. B>M plot for the combined
cohorts (Fig. 1) a more obvious increase in marker
distribution up to about year 7 is apparent, which
decreases thereafter. The reversal in trend after year
7 may be genuine, an artefact of selection for slow
progressors as described above, or a consequence
of Edinburgh’s changing method for oM determina-
tion (the newer diffusion method resulted in lower
values: see helow).

Exposure category differences in median were ap-
parent in the pooled data, with different medians for
homosexual men compared with other risk groups
in the first years after seroconversion for yCD4+ cell
count and log,. IgA (Fig. 2). Homosexual men had
more extreme values on average, except for log,.
BoM levels. The effect of age on yCD4+ cell count,
while controlling for exposure group, is also shown
in Figure 2. In the case of homosexual men, both
age at seroconversion and adjusted age (current age)
in cach year post-scroconversion had obvious ef-
fects on the median level; men aged > 30 years had
lower medians. An age effect on log,. IgA among
drug users, who are younger in general and more
homogenous in age at seroconversion, was easier

to discern using current age than age at seroconver-
sion.

Marker plots thus suggested that functional forms for
log,. IgA and log,. BoM were more difficult to assess
than for yCD4+ cell count.

YyCD4+ cell marker path

A linear functional form was adopted for yCD4+
cell count in multilevel modelling based on previ-
ous work [29,30] but was re-examined via piece-
wise linear regression. The effects of sex (Edinburgh
and Italian cohorts only) and age at seroconver-
sion were first assessed in individual cohorts before
combining cases across cohorts. In the combined
analysis, route of HIV transmission was taken into
account — sexual transmission (homosexual or het-
erosexual) versus otherwise (injecting drug use or
blood products)—and thus exposure category in
addition to geography (representing laboratory or
cohort effects) was investigated as an explanatory
factor for both intercept and slope.

For each cohort and the Italian subcohorts, the bha-
sic linear random effects model with no covariates
was fitted first [20] followed by a second in which
age at seroconversion had an estimated fixed ef-
fect on yCD4+ cell count at seroconversion (on
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Table 1. Marker path summaries for Edinburgh and Italian cohorts allowing slope change, correlation and tracking within individuals, and

covariate influences on seroconversion level.

Coefficient (SE)

yCD4 10* loge IgA 10* loge By M

Covariate influences Edinburgh ltaly Italy Edinburght ialy
Age and sex included

Intercept : seroconversion level 27.55(1.62) 29.53(0.95) 49.94(1.12) 9.73(1.58) 8.60(0.83)

Slope: initial slope -1.50(0.07) ~2.70(0.32) -0.81(0.37) 0.52(0.23) 0.24(0.06)

Change in slope 1.25*(0.35) 1.37*(0.40) -0.77%(0.28) -

Age : effect on seroconversion level -0.133(0.056) -0.107(0.023) 0.189(0.027) 0.030(0.037) 0.045(0.019)

Female sex : effect on seroconversion level 0.871(0.59) 0.45(0.40) -0.98(0.47) -0.80(0.39) -0.861(0.35)

y: correlation within individuals 0.769(0.014) 0.736(0.011) 0.869 (0.009) 0.6431(0.047) 0.695(0.023)

0: tracking within individuals 0.315(0.025) 0.380(0.023) 0.511(0.040) 0.251(0.115) 0.298(0.060)

SD 6.36 6.21 5.23 3.72 3.65

-2 log, likelihood 18646.1 27978.3 1398.1 430.7 566.5
Age, sex and mode of transmission included

Intercept : seroconversion level - 29.35(0.97) 51.04(1.12) - 8.35(0.84)

Slope : initial slope - -2.69(0.32) -0.85(0.37) - 0.24(0.06)

Change in slope - 1.24*(0.35) 1.41*(0.40) - -

Age : effect on seroconversion level - -0.097 (0.025) 0.127(0.029) - 0.063(0.021)

Female sex : effect on seroconversion level - 0.49(0.40) -1.19(0.46) - -0.83(0.35)

Sexual transmission versus IDU - -0.38(0.38) 2.18(0.43) - -0.64(0.33)

Effect on seroconversion level

. correlation within individual - 0.736(0.011) 0.865(0.009) - 0.6921(0.23)
0: tracking within individuals - 0.380(0.023) 0.513(0.040) - 0.297 (0.060)
SD - 6.21 5.14 - 3.63
-2 loge likelihood - 27977.3 1373.7 - 562.7

*Change in slope from 1 year after seroconversion; *adjusted for change in method; *change in slope from 5 years after seroconversion. IgA,

immunoglobulin A; B;M, By-microglobulin; 1DU, injecting drug use.

intercept). From the first models, we found that
JVCD4+ cell count at the time of seroconversion was
lower in the Toronto (22.2), NCI (25.7) cohorts and
Italian sexual transmission subcohorts (homosexual,
25.3; heterosexual, 25.1) than for Edinburgh’s mainly
IDU cohort (26.5), the Italian IDU subcohort (27.3)
and the London haemophilic cohort (29.2). Rate of
loss of yCD4+ cell count appeared to be less rapid
in association with sexually transmitted HIV infec-
tion (slopes, 0.7, -1.1, -1.3, -1.3 for the Toronto
and NCI cohorts and the Italian subcohorts, respec-
tively) than for non-sexually transmitted HIV infec-
tion (-1.6, -1.6, —1.8 for Edinburgh, the Italian drug
user subcohort and London haemophilic cohort, re-
spectively). yCD4+ cell count at seroconversion was
significantly lower in older patients in all cohorts
except the NCI cohort [20]: by 1.0, 0.9 and 1.0 per
10 years of age for the Toronto and Italian sex-
ual transmission subcohorts and by 1.6, 1.2 and 1.4
for Edinburgh, the Italian drug user subcohort and
London haemophilic cohort, respectively. The ef-
fect of sex on yCD4+ cell count intercept could bhe
estimated for the Edinburgh cohort and separately
for the Italian IDU and heterosexual subcohorts. All
three estimates, controlling for exposure category,
were equivocal in their suggestion that females may
have higher yCD4+ cell count at seroconversion [20].

Several interesting features emerged from corre-
sponding analyses using piecewise linear regression
with damped exponential covariance structure. First,
the Italian cohort, which had higher yCD4+ cell
counts soon after seroconversion than the others,
revealed that the decline in yCD4+ cell count was
more dramatic in the first year after seroconversion
(=2.7; SE, 0.3) than subsequently (slope changes to
—-2.7+1.3=-1.4; Table 1). Second, a high degree of
tracking was evident in serial yCD4+ cell counts for
individual patients with estimated 6: 0.31 (SE, 0.03),
0.38 (SE, 0.02), 0.48 (SE, 0.05), 0.60 (SE, 0.10) and
0.42 (SE, 0.04) for the Edinburgh, ltalian, NCI, Lon-
don and Toronto cohorts, respectively.

Multilevel modelling of the combined database of
1430 patients with two or more pre-AIDS yCD4+ cell
counts summarizes the effects of age and sex, while
allowing for sexual transmission and cohort effects
on both yCD4+ cell intercept and slope (Table 2).
YCD4+ cell count at seroconversion was 0.96 lower
(SE, 0.18) with each additional 10 years of age; and
lower by 1.82 (SE, 0.43) in patients who acquired
their HIV infection sexually rather than via inject-
ing drug use or blood products. However, sexually
transmitted HIV infection was also associated with
a significantly slower decline in yCD4+ cell count:
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1.26 per annum compared with 1.62 for nonsex-
ually transmitted HIV disease [31]. The Edinburgh
rather than the Toronto cohort was used as the base-
line reference because geographical heterogeneity
in yCD4+ cell slope and intercept was largely ac-
counted for by the slow decline from an already low
VCD4+ cell count at seroconversion in the Toronto
cohort. Being female was not demonstrably asso-
ciated with a higher yCD4+ cell count at serocon-
version (95% confidence interval, —-0.3 to 1.0). The
inter-patient SD in yCD4+ cell count at seroconver-
sion and in the decline of yCD4+ cell count (slope),
were 5.1 and 1.1, respectively, emphasizing the con-
siderable individual variation despite adjustment for
cofactors (Table 2).

Log. IgA marker path

IgA measurements were not available for the NCI
cohort. In the Toronto cohort, IgA was measured as
frequently as CD4+ cell count but in other cohorts
the availability of IgA measurements was roughly
half that for CD4+ cell counts.

The results of fitting piecewise linear regression with
damped exponential covariance structure to log. IgA
values, including those measured post-AIDS, for the
Italian (Table 1), London and Toronto cohorts are
detailed separately [20]. All three showed significant
slope changes from negative to positive 1 year after
seroconversion, and the damping parameter 6 indi-
cates a high degree of tracking. An apparent differ-
ence in log,. IgA marker path between the Edinburgh
and other cohorts was discovered. This was a con-

sequence of Edinburgh’s adoption of the diffusion
assay to determine IgA in mid 1990; the diffusion
assay had also been used to retrospectively deter-
mine IgA in earlier stored sera. To correct for this,
an assignment to laboratory method for each sample
was made that was expected to be correct for the
majority of samples, based on the number of digits
used in recording the measurements. The original
non-diffusion method was associated with system-
atically higher log,. IgA determinations, by 0.165 (SE,
0.028) on average, or 3% [20].

For the combined log,. IgA analysis (Table 2) the
Edinburgh cohort was restricted to patients with
two or more log. IgA determinations by the old
(non-diffusion) method. Table 2 summarizes the
functional form for log. IgA as a quadratic growth
curve with random effects and shows the influ-
ence of surveillance covariates, including sexual ver-
sus other modes of HIV transmission, on log. IgA
at seroconversion. The results confirm significantly
higher levels in older individuals, in those infected
by sexual contact, and in men. Being female and
older by 10 years had opposite and nearly equal
effects on log, IgA at seroconversion. Infection ac-
quired sexually increased log. IgA by the equiva-
lent of an additional 20 years of age. Sexual trans-
mission, which slowed the decline in yCD4+ cell
count, did not significantly alter the linear aspect
of the log,. IgA marker path. The level of log, IgA
around seroconversion was re-established within
2-3 years and then increased steadily (Table 1): IgA
at seroconversion for a 30 year-old Italian male in-

Table 2. Linear and quadratic random effects describing yCD4 count and 10* log. immunoglobulin (Ig) A and the influences of age, sex, mode
of transmission and cohort for cases with two or more yCD4 counts or 10* log, IgA.

JCD4 (1430 cases; 13056 counts)

Parameter for

10* logelgA (896 cases; 6081 observations)

combined cohorts Estimate (SE) SD* Estimate (SE) SD*
Intercept: at seroconversion* 26.77(0.89) 5.10* 54.03(0.99) 4.16*
Age: effect on intercept -0.096(0.018) - 0.10(0.02) -
Female sex: effect on intercept 0.31(0.33) - -1.211(0.38) -
Sexual transmission: effect on intercept -1.82(0.43) - 2.01(0.41) -
Cohort effects on intercept
Edinburgh 1.72(0.76) - BC -
Italy 2.70(0.59) - -2.76(0.63) -
London 4.94(0.94) - -3.45(0.18) -
NCI 3.71(0.78) - NA -
Toronto BC - -3.38(0.78) -
Slope: annual change* -1.08(0.17) 1.1 -0.51(0.18) 1.68*
Sexual transmission: effect on slope 0.36(0.12) - NA -
Cohort effects on slope
Edinburgh -0.54(0.18) - BC -
Italy -0.55(0.15) - 0.31(0.14) -
London -0.73(0.22) - 0.41(0.17) -
NCI -0.38(0.19) - NA -
Toronto BC - -0.23(0.15) -
Quadratic change* NA - 0.11(0.02) 0.18*
Residual variance - 11.63 - 6.53

*SD of random, i.e., individualised effects. NCI, National Cancer Insitute; BC, baseline cohort; NA, not applicable.
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fected by sexual contact would be expected to be
exp[51.04 + 30(0.127) + 2.18]/10 = 300, falling after 1
year to exp[5.703-0.085] =275, recovering by the
end of his second year to exp5.703-0.085 +(0.141
—0.085)=291, and increasing thereafter. At the
end of 3 years, his expected IgA would be exp
5.674 +0.056 = 308.

Table 2 indicates considerable individual variation
in log. IgA at seroconversion (random SD, 0.410),
in slope (random SD, 0.168) and in quadratic terms
(random SD, 0.018) even after adjusting for surveil-
lance covariates.

Loge B2M marker path

B,M measurements were not available for the
Toronto cohort, except for the initial visit. In other
cohorts, the availability of B,M was about a quar-
ter that of CD4+ cell counts but the range of B,M
measurement times varied between cohorts (Fig.
3). In particular, no measurements within 5 years
of seroconversion were available from the London
haemophilia cohort, and few beyond 5 years from
the Italian cohort. Edinburgh changed to a diffu-
sion technique for B;M in 1990 at the same time as
the IgA method changed and log. B,M values were
1.5/10=0.15 lower, on average, by the diffusion as-
say [20].

(a) {0

14

14

B2 Level
0 2 46 810
B2 Level
02 4 6 810

-5 [ 5 10 -5 4] 5 10

Years trom Seraconversion Years from Seraconversion

4
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02 46 810

B2 Level
0 2 46 810

e

-5 0 5 10 -5 0 5 10

Years from Seroconversion Years from Seroconversion

Fig. 3. Scatterplot and lowess smooth of Bz-microglobulin by
cohort. (a) London Royal Free Hospital cohort; (b) National
Cancer Institute (NCI) cohort; (c) Edinburgh cohort; (d) Italian
cohort.

A linear functional form sufficed for log. B;M in the
Italian cohort but was inadequate for Edinburgh, the
next largest cohort (Table 1) {20]. Both statistical ap-
proaches to the Edinburgh data suggested that log,
BoM rises until nearly the sixth year after serocon-
version and then falls at a rate of 0.025 per annum
according to piecewise linear regression. The Edin-
burgh data required a quadratic random effect, sig-
nificantly negative on average (-0.016; random SD,
0.026; SE, 0.003, based on 217 cases and 743 ob-
servations) combined with a strongly positive slope

(0.192; random SD, 0.31; SE, 0.037) and intercept of
0.525 (random SD, 0.611; SE, 0.091).

A linear fixed effects regression with negative slope
(-0.033; SE, 0.012) described the functional form of
the London data 5.2 to 12.9 years after seroconver-
sion. This was consistent with the Edinburgh slope
of —0.025 per annum after 5 years. We were unable
to fit the NCI data using either of the two statistical
approaches.

For log. BoM, as for the other two markers stud-
ied, there was significant tracking within individuals
(Table 1). Higher levels of log. B,M were also found
in older patients and in IDU, and lower levels in
women.

Extending public health surveillance of HIV
disease

For surveillance purposes, the early decrease in log,
IgA and late fall in log. B,M suggest the possibility of
bivariate discrimination between samples from HIV-
infected individuals who seroconverted <3 years
(recent), 3-6 (intermediate), or 206 years previously
(distanp), respectively. These time-since-infection in-
tervals were defined roughly in accordance with the
non-monotonicity of log. IgA and loge BM marker
paths, and because the greatest uncertainty relates
to HIV infection in the last 3 years, for which back-
calculation from AIDS diagnoses is largely uninfor-
mative [18]. This 3-way discrimination, if feasible,
would be adequate for surveillance.

Figure 4 shows the covariate-adjusted bivariate plot
of log. B;M against log. IgA using only the Edin-
burgh, Italian and London cohorts (which have serial
measurements for both markers). Details of covari-
ate adjustment, based on Tables 1 and 2, are given
elsewhere [20] and take account of method changes
in Edinburgh. The data shown in Figure 4 suggest
that the required discrimination between samples
within 3 years of seroconversion, 3-06 years after
seroconversion, and 26 years after seroconversion,
would be poor on an individual basis. To investigate
whether it would be satisfactory for groups of HIV-
antibody-positive samples, we estimated ordered lo-
gistic risk scores to give the probability of a sample
being within 3 years of seroconversion or within 6
years of seroconversion, using the 1500 covariate-
adjusted bivariate samples (409 recent, 4069 inter-
mediate, 622 distant) shown in Fig. 4 as a training
dataset. A 50% sure classification performed better
than raw logistic scores but still classified only 582
(39%) of samples in the training set, and correctly
classified only 15 (13%) recent infections and 301
(48%) distant infections.

Intensity of transitions between immunologic
stages defined by IgA and B M levels

We determined the intensities of backward as well
as forward transitions between IgA and B;M stages.
These emphasize the difficulty of aging infections on
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Fig. 4. Scatterplot of log, Bs-microglobulin (B,M) versus
log. immunoglobulin (1g) A (both covariate-adjusted) by time
since HIV seroconversion. ( ), recent seroconversion (within
3 years); (+), intermediate seroconversion (3-6 years); @,
distant seroconversion (26 years). All values plotted effec-
tively relate to an Edinburgh homosexual man aged 30 years
at HIV seroconversion. Only the first pair of IgA and BM
values per individual was included for any year after sero-
conversion; post-AlDS values are included.

the basis of a single determination. Four states were
defined for each marker. For IgA, the intervals cor-
responding to the four states were <200, 200400,
400-600, and 2600 ug/l. For B,M they were 0-1.8,
2.8-4.5 and 24.5mg/l. The transitions allowed be-
tween adjacent states in both directions and to the
final state of clinical AIDS are shown in Fig. 5.
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Fig. 5. Estimated transition intensities (SE) between immuno-
logically defined states and to AIDS. (a) Bj-microglobu-
lin state definitions and estimated transition intensities: 1
(0-1.8), 2 (1.8-2.8), 3 (2.8-4.5), 4 (=4.5). (b} Immunoglobu-
lin A state definitions and estimated intensities: 1 (0-200), 2
(200-400), 3 (400-600), 4 (=600).

Edinburgh’s ;M measurements using the diffusion
method have been adjusted by multiplication by
exp (0.15). A comparably simple adjustment was not
appropriate for IgA measurements and thus the non-
diffusion IgA measurements from Edinburgh were
used for the analyses reported here. No other ge-
ographic (between laboratory) or covariate adjust-
ment was made. Initially, cohorts were analysed in-
dividually. The comparability of the results from the

individual cohorts [32] led to a pooling of data for
subsequent analyses.

The estimated transition intensities and SE based on
the pooled data are shown in Fig. 5. For B,M, the
forward transition rate dominated between states 1
and 2, forward and backward rates were comparable
for states 2 and 3, and the backward rate dominated
for states 3 and 4. These results were expected given
the previous MAP analyses that suggested log,. B,M
rises until the start of the sixth year after serocon-
version and falls thereafter. For IgA, the forward and
backward transition intensities between states 1 and
2 were comparable, while for states 2 and 3 and for
states 3 and 4, the backward transition rates were
somewhat higher than the forward rates. Given the
initial decline and subsequent rise in IgA reported
here, such estimates are surprising. The transition
intensities in the AIDS state, however, show the ex-
pected gradient as a function of the marker state.
These results indicate that the use of oM and IgA
to estimate time of HIV infection on the basis of a
single determination is problematic because of the
high probability of both increasing and decreasing
values over time.

Discussion

Using statistical approaches for modelling marker
paths has shown that yCD4+ cell count decays more
rapidly in the first year after seroconversion than
subsequently, as has been suggested by Weiss et al.
(33] and Galai et al. [24]. However, there is consid-
erable individual variation in the subsequent steady
decline in yCD4+ cell count, and a high degree of
tracking in serial yCD4+ cell count within patients.
We have also shown that log,. IgA declines in the first
year after seroconversion but rises linearly there-
after. Unexplained random variation between indi-
viduals results in heterogeneity in the time before
log. 1gA regains its seroconversion level (typically
2-3 years after seroconversion) and for individual
variation in that level. An initial, acute rise in log,
IgA in response to HIV infection may occur in the
weeks prior to seroconversion (when measurement
is unlikely), after which log,. IgA then declines be-
fore a chronic log, IgA response to HIV infection is
established. Data were frequently more fragmentary
for log. B2M measurements. Nevertheless, a coher-
ent picture was constructed by piecing together in-
formation across cohorts: log, B>M rises during the
first 5 years or so after seroconversion but then de-
clines, as demonstrated by the London and Edin-
burgh cohorts. Strong evidence of tracking in serial
log. IgA and log. B>M measurements within indi-
viduals was found, as for yCD4+ cell count. It is,
of course, possible that the ultimate fall in log. B,M
levels reported by the MAP workshop could be the
result of zidovudine therapy, but a more basic expla-
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nation would be that T-cell activation had peaked,
resulting in lower B,M levels. This phenomenon
has been described previously for the expression of
Class II major histocompatibility complex on T cells,
which rises progressively during the natural history
of HIV infection until the late stages when it declines

(34].

Non-monotonicity in the functional forms for log,.
IgA and loge B;M has implications for relative risks
regression in cohort studies of progression to AIDS
as well as for surveillance. Failure to allow for de-
creasing log. B,M levels may lead to an under-esti-
mation of its prognostic significance; this caveat ap-
plies to the results from Part I of the workshop [35].

The MAP workshop focussed on covariate infor-
mation available from anonymous HIV serosurveil-
lance programmes, i.e., sex, age group, mode of
HIV transmission and calendar year. Calendar year
played an inadvertent role because of Edinburgh’s
change of methods in 1990 for determining IgA and
B.M. Age at seroconversion strongly influenced the
seroconversion level for yCD4+ cell count, log. IgA
and log. BoM. In contrast, age appears to have little
effect on CD4+ cell counts in HIV-antibody-nega-
tive individuals [36]. Annual change in marker level,
even after the first year, was dramatic for yCD4+ cell
count, being equivalent to 15 years’ ageing, whereas
for log, IgA and log. oM annual change equated to
around only 4 years of additional age.

Higher CD4+ cell counts were not observed among
women, but women had significantly lower IgA and
BoM levels, by 38.1 (13%) and 0.22 (8%), respec-
tively, compared with a 30-year-old, heterosexually
infected Italian man. Although the effect of sex on
CD4+ cell count was not significant, it was compa-
rable with that for HIV antibody-negative individu-
als [30]. Whether pregnancy in HIV-infected women
further affects their marker values needs to be de-
termined, since samples from antenatal women fea-
ture strongly in unlinked anonymous testing pro-
grammes.

Sexual versus other modes of HIV transmission (in-
jecting drug use or the receipt of blood products)
influenced all three markers but in diverse ways.
YCD4+ cell count was significantly lower at serocon-
version in patients who had been infected sexually
(about 15% on the CD4+ cell scale); however, the
subsequent decline in yCD4+ cell count was less
marked (Table 2) than in patients who acquired their
HIV infection by injecting drug use [31} or through
contaminated blood products. Sexual transmission
was associated with significantly higher log,. IgA lev-
els at seroconversion. For log. B,M, IDU had higher
levels at seroconversion as has been noted previ-
ously [5,6]. Presumptive mode of HIV transmission
is clearly influential in characterizing marker paths.

Edinburgh’s change to diffusion assays for deter-
mining IgA and B;M levels had a number of impli-
cations for analyses. By the diffusion method, we
could not demonstrate the initial fall in log. IgA
which was shown consistently across other cohorts
and for Edinburgh’s IgA determinations by the pre-
vious method. IgA determinations were also lower
by diffusion assay, which is known to underesti-
mate the quantification of dimeric IgA. The differ-
ence in functional form could simply be because of
fewer IgA values within 2 years of seroconversion by
the diffusion method, or because of a reduction in
dimeric IgA early in HIV disease [37]. The MAP data
may stimulate further immunologic investigation of
the role of IgA in HIV disease. For B;M, a straight-
forward additive adjustment between methods was
adequate. The new method resulted in lower values,
although there was no strong directional prior for
this.

Covariate, geographic and method adjustments were
made for all eligible (log. IgA, log. B,M) pairs in
the Edinburgh, Italian and London cohorts, and the
adjusted marker pairs thereafter sorted into training
and test data sets (1500 and 440 samples, respec-
tively). Ordered logistic discriminations were used
to categorize HIV infections as recent, intermediate
or distant. For public-health surveillance purposes,
the proportion of recent HIV infections, about which
little can be inferred from AIDS backcalculation [18]
could thus be estimated. Prediction was poor, how-
ever, even in the training dataset. This was due in
part to the intensity of backward as well as for-
ward transitions between marker states and the con-
siderable heterogeneity between individuals in their
marker trajectories. Such heterogeneity might be as-
sociated with the diversity of patients’ human lym-
phocyte antigen phenotype or HIV genotype.

The strategic implications of these findings are
twofold and focus attention back to CD4+ cell
counts. In the interests of public-health surveillance
it should be considered whether the design of un-
linked anonymous testing programmes could be
modified to accommodate rapid CD4+ cell count
determination without breaching patient anonymity
or whether technical developments can overcome
the present time constraints on the handling of
blood samples for CD4+ cell determination; second,
whether the surveillance network can be extended,
as in Scotland [38], to link first CD4+ cell count (or
first pair of CD4+ cell counts {39]) from immunology
laboratories with new HIV diagnoses [38] from vi-
rology laboratories. Further analytic work is needed
on (changes in) test seeking behaviour before com-
parison of first CD4+ cell counts between groups of
newly diagnosed HIV infections can be interpreted
as an inference about the time of HIV infection prior
to HIV diagnosis, or informing us about those who
have not referred themselves for HIV testing.
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Fielding (MRC-BIAS Centre for HIV Research, Ed-
inburgh, UK); Ami Fore (Division of Epidemiology,
School of Public Health, Minneapolis, Minnesota,
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USA); Sheila Gore (MRC Biostatistics Unit, Insti-
tute of Public Health, Cambridge, UK); Alexander
Kriamer (Division of Epidemiology, School of Public
Health, Minneapolis, Minnesota, USA); Christine Lee
(Haemophilia Centre and Haemostasis Unit, Royal
Free Hospital, London, UK); Alex McNeil (MRC
Biostatistics Unit and Regional Infectious Diseases
Unit, City Hospital, Edinburgh, UK); Patrizio Pez-
zotti (Instituto Superiori di Sanita, Rome, Italy); An-
drew Phillips (Academic Department of Genitouri-
nary Medicine, University College London Medical
School, London, UK); Janet Raboud (Department of
Health Care and Epidemiology, University of British
Columbia and Canadian HIV Trials Network; Van-
couver, Canada); Giovanni Rezza (AIDS Unit, In-
stituto Superiori di Sanita, Rome, Italy); Caroline
Sabin (Department of Public Health and Primary

Care, Royal Free Hospital, London, UK); Glen Sat-
ten (Division of HIV/AIDS, Centers for Disease Con-
trol and Prevention, Atlanta, Georgia, USA). The
Cohort Investigators were: Edinburgh City Hospi-
tal Clinic Cobort: R. Brettle, G. Bird, K. Fielding, S.
Gore, B. Hamilton, A. McNeil, S. Povey, G. Raab, A.
Richardson; ltalian Seroconverter Cobort. G. Rezza,
P. Pezzotti, F. Aiuti, G. Angarano, M. Barbanera, A.
Canessa, F. Castelli, S. Gafa, A. Lazzarin, S. Muratori,
R. Pristera, E. Ricchi, B. Salassa, A. Sinicco, U. Tirelli,
P. Viale, M. Zaccarelli; Royal Free Hospital (Lon-
don) Cobort. C. Lee, M. Bofill, J. Elford, G. Janossy,
A. Phillips, C. Sabin; National Cancer Institute Co-
bort: . Goedert, A. Krimer, F. Yellin; Toronto Sexual
Contact Study Cobort: R. Coates, L. Calzavarra, V.
Farewell, J. Raboud, S. Reid.
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