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Abstract
Virologic response to highly active antiretroviral therapy (HAART) typically results in a
substantial rise in CD4 cell counts. We investigated factors associated with poor CD4 response
among HIV-infected women followed at 6-monthly intervals in the Women’s Interagency HIV
Study. Women with nadir CD4 counts <350 cells/mm3 who achieved at least 6 months of plasma
HIV RNA < 400 copies/ml were studied. Demographic, clinical, and treatment factors were
compared between immunologic nonresponders, defined as the lower quartile of CD4 count
change after two visits with virologic suppression (<56 cell/mm3; n = 38), and the remaining
group of responders (n = 115). Immunologic nonresponders had lower baseline HIV RNA levels
and higher CD4 counts, more frequently used HAART 6 months prior to achieving consistent viral
suppression, and more commonly had HIV RNA levels >80 but <400 copies/mL at both
suppressive visits (21 vs. 7.8%, p = 0.024). In multivariate analysis, higher CD4 count and lower
HIV RNA level at the last presuppressive visit were associated with immune nonresponse. We
conclude that higher baseline CD4 count and lower HIV RNA level were associated with poor
immunologic response to HAART in women with virologic suppression for at least 6 months.
Persistent low level viremia may also contribute.
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INTRODUCTION
Highly active antiretroviral therapy (HAART) has dramatically modified the morbidity and
mortality of HIV disease.1,2 Virologic response to HAART, specifically the suppression of
plasma HIV RNA to below the level of quantification, typically results in a substantial rise
in CD4 cell counts. This rise, sometimes termed the immunologic response to HAART, is
central to restoration of integrity of the immune system. A summary analysis of 23 clinical
trials of triple combination therapy in HAART-naive subjects found that the mean CD4 cell
increase 12 months after HAART initiation was 160 cells/mm3 (weighted 95% confidence
interval, 146 to 175 cells/mm3).3 However, immunological and virologic response to
HAART is neither universal nor homogeneous.4 Moreover, discordant immunologic and
virologic responses, where either CD4 counts rise without complete viral suppression or
HIV RNA levels are suppressed to below detection but CD4 counts do not rise, have been
documented.5 “Complete” responses, where patients experience both virologic and
immunologic responses, are associated with improved clinical outcomes when compared
with patients with discordant responses or compared with patients who experience neither a
virologic nor immunologic response.6,7

Several studies have investigated risk factors for poor immune responses to HAART. To
date only increasing age, poorer virologic response,8,9 injection drug use as an HIV
acquisition risk factor,10 hepatitis C virus coinfection,11 and lower baseline CD4 cell count
and HIV RNA viral load12 have been associated with diminished immunologic response to
HAART.

If factors associated with poor immunologic response could be identified, strategies could
perhaps be developed to address these risk factors, or otherwise augment immune response,
in poor immunologic responders. Examples include discontinuation of implicated
medications, treatment of hepatitis C infection, intensification of antiretroviral therapy, or
perhaps use of immune-modulating therapy such as interleukin-2.13,14 In addition, with
iterations of clinical guidelines advocating deferral of HAART initiation until lower CD4
cell counts,15,16 identification of risk factors for poor immunologic response would allow
subjects with those factors to become candidates for earlier initiation of HAART. Therefore,
we investigated clinical and laboratory factors associated with poor immunologic response
among HIV-infected women monitored in the Women’s Interagency HIV Study (WIHS)
with nadir pre-HAART suppression CD4 cell counts of <350 cells/mm3 who achieved at
least 6 months of plasma HIV RNA suppression to below 400 copies/ml on HAART.

MATERIALS AND METHODS
Study population

The WIHS is a prospective, multicenter cohort study of the natural history of HIV infection
in women conducted at six centers across the United States. The methods of this cohort
study have been described previously.17 The study originally enrolled 2059 HIV-
seropositive women and 568 HIV-seronegative women from October 1994 through
November 1995. These women were seen at study visits every 6 months, interviewed using
a standardized questionnaire, received a physical examination, and had blood collected for
HIV RNA level, CD4/CD8 lymphocyte subset analysis, complete blood cell count, and
creatinine determination. The standardized questionnaire specifically sought all new
diagnoses of HIV-associated conditions (including AIDS-defining illnesses), opportunistic
infections, hospitalizations, and discharge diagnoses since the previous WIHS visit. Also, all
current medication use and any medication use since the last WIHS visit were elicited.
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This analysis included all HIV-infected WIHS subjects with nadir presuppression CD4 cell
counts of <350 cells/mm3 who experienced at least two consecutive visits with complete
HIV RNA suppression while reporting continuous HAART use. Complete viral suppression
was considered a plasma HIV RNA of <400 copies/ml. Patients were included if they had
reported prior antiretroviral therapy, including HAART, as long as they never achieved
transient HIV RNA suppression (a single isolated HIV RNA count of <400 copies/ml) at
any time prior to the two consecutive visits with HIV RNA suppression. HAART was
defined as one of the following combinations18: two or more nucleoside reverse
transcriptase inhibitors (NRTIs), in combination with at least one protease inhibitor (PI) or
one non-nucleoside reverse transcriptase inhibitor (NNRTI); one NRTI in combination with
at least one PI and at least one NNRTI; one NRTI in combination with ritonavir plus
saquinavir; or, an abacavir-containing regimen of three or more NRTIs in the absence of
both PIs and NNRTIs. Because of their antagonism, the combination of stavudine and
zidovudine with either an NNRTI or PI was not considered to be a HAART regimen.

Statistical analysis
For analysis, each subject’s WIHS visits were reordered based on the first of their two
consecutive WIHS visits with HIV RNA suppression to <400 copies/ml. The first visit with
suppression of HIV RNA to <400 copies/mL while on HAART was classified as visit 0. All
other visits were classified based on the number of months between visit 0 and the visit
being considered. WIHS cohort study visits occurred every 6 months, such that the visit
immediately preceding visit 0 was classified the −6M visit, the visit scheduled for 18
months after visit 0, the +18M visit, and so forth. In addition, each subject’s nadir
presuppressive CD4 cell count, and the visit at which this test was drawn, were determined.
All laboratory and medication use variables were identified at each of the above study time
points.

Change in absolute CD4 cell count after at least 6 months of virologic suppression on
HAART was determined for each subject by calculating the difference between the absolute
CD4 cell count at the second suppressive HAART visit (the +6M visit), and the visit
immediately preceding the first suppressive HAART visit (i.e., the −6M visit). A subject
was considered an immunologic responder if her CD4 cell count change on at least 6 months
of suppressive HAART was equal to or greater than the magnitude of the increase of the
25th percentile of the CD4 cell count change of this study cohort. A subject with an increase
of less than the 25th percentile was declared an immunologic nonresponder.

Variables of interest
Host-related factors tested for association with immunologic nonresponse to HAART
included age at visit 0, ethnicity, HIV acquisition risk factors, clinical AIDS diagnosis at
visit 0, hepatitis C virus (HCV) antibody seroreactivity, self-reported alcohol use, self-
reported illicit drug use (heroin, cocaine, or crack), and WIHS study center.

The following laboratory values were compared between responders and nonresponders at
two time points: (1) the pre-suppressive nadir CD4 cell count visit and (2) the −6M pre-
suppression visit: plasma HIV RNA level, absolute CD4 cell count, CD4 percentage,
absolute CD8 cell count, CD8 percentage, absolute lymphocyte count, lymphocyte
percentage, absolute neutrophil count, neutrophil percentage, white blood cell (WBC) count,
hemoglobin concentration, platelet count, serum creatinine concentration, and serum
albumin concentration.
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The effect of low-level HIV viremia on immune nonresponse was assessed by comparing
the number of responders and non-responders with HIV RNA levels between 80 and 400
copies/ml at both visit 0 and the +6M visit.

HIV-1 RNA in plasma was originally quantified for all participants using the isothermal
nucleic acid sequence based amplification (NASBA) method, with a lower limit of
quantification of 4000 copies/ml (Organon Teknika, Durham, NC), in laboratories that were
certified by the National Institutes of Health, Virology Quality Assurance Laboratory
proficiency testing program. Starting with WIHS visit 7 (October 1997), plasma HIV-1
RNA was quantified using the more sensitive Nuclisens method of NASBA quantification
(lower limit of detection, 80 copies/ml). The NASBA assay correlates well with both
branched DNA (Quantiplex; Bayer Diagnostics) and reverse transcriptase-polymerase chain
reaction (Cobas Amplicor; Roche Diagnostics) assays, with between assay correlations
coefficients of 0.94 for both tests.19 For most women who initiated HAART, HIV-1 RNA
determinations were repeated using the more sensitive Nuclisens assay, if needed, at the visit
just prior to that at which HAART use was first reported, and for all visits after HAART
initiation. Ten women who initiated HAART prior to WIHS visit 7 had their HIV-1 RNA
determinations repeated by the early Nuclisens assay with a lower-limit of detection of 400
copies/ml. For the analysis of low-level viremia while taking suppressive HAART, women
with plasma HIV-1 RNA levels below the lower limit of detection were considered to have
an HIV RNA viral load equal to the cutoff value of the RNA quantification assay utilized at
that time point. Thus, the women with viral load determinations performed by the assay with
a lower limit of detection of less than 400 copies/ml were considered to have HIV RNA
viral loads of 400 copies/ml. CD4 and CD8 lymphocyte subsets were quantified using
standard flow cytometric methods in laboratories participating in the NIH/NIAID Flow
Cytometry Quality Assessment Program.20

Antiretroviral therapy related factors were tested for association with immunologic
nonresponse to HAART. General class of HAART (PI-based, NNRTI-based, or combination
PI- and NNRTI-based used in the suppressive HAART regimen), and use of the potentially
bone marrow-suppressive medications zidovudine and trimethoprim–sulfamethoxasole,
were compared.

Presuppressive antiretroviral medication history was also considered in a variety of ways.
The intensity of prior antiretroviral use was hierarchically classified as use of no therapy,
monotherapy, dual therapy, or HAART at and prior to the −6M presuppression visit. Also,
the number of presuppressive WIHS visits where the subject reported any antiretroviral or
HAART use was determined.

Comparisons between immunologic responders and nonresponders were done using
Student’s t test for continuous variables (rank tests were also used but not reported as they
gave similar results) and by Fisher’s exact test for categorical variables. Individual variables
significantly associated with nonresponse were then used in multivariate stepwise logistic
regression models to find the set(s) of variables that adequately predicted immunologic
nonresponse, using SAS default criteria of p = 0.05 to enter and stay in the model. All
statistical procedures were performed with SAS version 8.2 (SAS Institute, Cary, NC).

RESULTS
Figure 1 details the stepwise exclusion of subjects from the WIHS cohort for this study.
Most of the women monitored in WIHS who did not qualify for this study were excluded
due to lack of consistent continuous HAART use. Of 2059 HIV-sero-prevalent women, 799
were excluded for never reporting HAART use and 291 for initiating HAART but not
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reporting its use over two consecutive visits. The bulk of the remainder of exclusions were
due to either lack of continuous RNA suppression over two consecutive visits (356 women)
or transient HIV RNA suppression at some point prior to continuous suppression (166
women). Of the 153 women included in this study, none reported use of chemotherapy or
radiation therapy, treatments known to affect bone marrow function and CD4 cell levels.
The age, ethnicity, and HIV transmission risk factor of the women included in this study
were comparable to those of an analysis of the 1132 women in the WIHS cohort initiating
HAART after 1995 (data not shown).21 All women had their first suppressive visit (visit 0)
between 1996 and 2002.

This study cohort’s mean change in CD4 cell counts from the -6M presuppression visit to
the +6M visit under at least 6 months of virologic suppression on HAART was +142 cells/
mm3 (standard deviation [SD], 168.6; range, −282 to +839 cells/mm3). The median value
and interquartile ranges (IQR) for this pre- to postsuppression change were +116 cells/mm3,
and +56 to +199 cells/mm3, respectively. The 25th percentile was used as the cutoff for a
successful immune response, such that a 56-cell/mm3 or greater increase on suppressive
HAART was required to classify a woman as an immunologic responder. One hundred and
fifteen women experienced a 56-cell/mm3 or greater increase and were classified as
immunologic responders (range of CD4 change, +56 to +839 cells/mm3). Thirty-eight
women had less than a 56-cell/mm3 increase and were classified as immunologic
nonresponders (range of CD4 change, −282 to +51 cells/mm3). Twenty-nine of these 38
(74%) immunologic nonresponders had less than a 10-cell/mm3 increase and 22 of 38 (58%)
had a net decrease in CD4 cell counts on suppressive HAART. Overall, only eight women
(three nonresponders and five responders) did not have a CD4 value of >200 cells/mm3 at
either the −6 month, 0, or +6 month visit.

Figure 2 is composed of plots spanning all reordered WIHS visits between the −24M visit
(the visit 24 months prior to visit 0, the first suppressive HAART visit) and the +36M visit
(the visit 36 months after visit 0). Figure 2A separately plots mean absolute CD4 cell counts
whereas Fig. 2B separately plots mean log10 plasma HIV RNA for immunologic
nonresponders and responders. As can be seen in Fig. 2A, the difference between
immunologic nonresponders and responders in mean CD4 cell count was about 100 cells
and persisted for 36 months beyond the initial complete suppression of HIV RNA. In Fig.
2B, the mean plasma log10 HIV RNA viral load at the −6M visit (the presuppressive
HAART visit) for immunologic nonresponders was lower than that for responders (3.64
versus 4.12, a difference of 0.48 logs, p = 0.002). This difference did not persist to visits
beyond the second suppressive HAART visit (+6M visit).

Table 1 summarizes the clinical characteristics of immunologic responders and
nonresponders. The mean age of immunologic nonresponders was 2 years older than
responders, although this was not statistically significant (p = 0.13). Race, HIV acquisition
risk factor, clinical AIDS diagnosis, hepatitis C serostatus, and substance use (coded as
alcohol alone, illicit drug use alone, or either alcohol or illicit drug use) were not
significantly associated with immunologic response status. The WIHS center where the
subject was enrolled and monitored was also not found to be associated with immunologic
response (p = 0.27, data not shown).

Table 2 contains characteristics of both the suppressive HAART regimen and the intensity
and duration of presuppressive antiretroviral use by immunologic responders versus non-
responders. At least three-quarters of all subjects reported taking protease inhibitors (PIs) at
the second suppressive HAART visit (+6M visit), with no significant differences between
immunologic responders and nonresponders. Three women, all classified as immunologic
responders, reported use of three or more nucleosides including abacavir without a PI or
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NNRTI as HAART at the +6M visit. There were also no significant differences in reported
zidovudine or trimethoprim–sulfamethoxasole use at the second suppressive HAART visit
between immunologic responders and nonresponders. There were no significant differences
in the intensity (classified as none, monotherapy, dual therapy, or HAART) of overall past
antiretroviral exposure between immunologic responders and non-responders (trend test p
value across the four antiretroviral use categories, 0.32, data not shown). A trend existed
toward more immunologic nonresponders than responders reporting more intense
presuppression antiretroviral therapy in the 12 months prior to visit 0 (trend test, p = 0.16).
This difference became statistically significant when subjects were dichotomized to HAART
use versus no HAART use, with 21 of 38 immunologic nonresponders (55.3%) versus 40 of
115 immunologic responders (34.8%) reporting HAART use at these presuppression visits
(p = 0.025). When considering duration of presuppression antiretroviral use by number of
visits a woman reported being on therapy, nonresponders reported a median of 1 visit (IQR,
0 to 2) of HAART use prior to the first suppressive HAART visit (visit 0), compared with
immunologic responders, who reported a median of zero visits (IQR, 0 to 1) of HAART use
prior to visit 0 (p = 0.39).

The laboratory values of interest were compared between responders and nonresponders at
two time points, the presuppressive nadir CD4 count visit and the −6M presuppression visit.
The largest difference in presuppression mean absolute CD4 cell counts between
nonresponders and responders at the evaluated study points was found at the −6M visit, with
immunologic nonresponders having 110 cells/mm3 more than responders (p < 0.0001).
Compared with immunologic responders, nonresponders also had higher mean absolute CD4
cell counts at the presuppressive nadir CD4 count visit (191 versus 152 cells/mm3, p =
0.047). In addition, all other laboratory values of interest were also found to have the most
statistically significant differences between responders and nonresponders at the −6M
presuppression visit. Table 3 contains mean values for plasma HIV RNA (log10), absolute
CD4, CD8, and lymphocyte cell counts, and CD4, CD8, and lymphocyte percentages at the
−6M visit by immunologic response status. The mean plasma HIV RNA (log10) at the −6M
visit was 0.48 log units lower in the nonresponders compared with the immunologic
responders (p = 0.0021). Absolute CD4 counts, absolute CD8 and lymphocyte cell counts,
and CD4, CD8, and lymphocyte percentages were also higher at −6M visit in immunologic
nonresponders than in responders, with all values statistically significantly higher except for
the lymphocyte percentage (p = 0.06) and the CD8 percentage (p = 0.98).

There were no significant differences found by immunologic response status in hemoglobin
concentration, platelet counts, serum creatinine, and serum albumin concentrations at all
study time points (data not shown).

The effect of active low-level HIV viremia on immune non-response was assessed by
comparing the number of immunologic nonresponders versus responders with detectable
HIV RNA viral loads between 80 and 400 copies/ml at both visit 0 and the +6M visit. Eight
of 38 nonresponders (21.0%) versus 9 of 115 responders (7.8%) had HIV RNA levels >80
but <400 copies/ml at both visits 0 and +6M (OR, 2.69; 95% CI, 1.12–6.48; p = 0.024). Of
these 17 women considered to have low-level HIV viremia, 4 (2 nonresponders and 2
responders) had one but not both of the suppressive HAART plasma HIV RNA levels
determined by the assay with a lower limit of detection of 400 copies/ml, and not the more
sensitive <80-copies/ml Nuclisens assay. An additional two nonresponders and four
responders had one plasma RNA viral load <80 copies/ml and the other determined by the
less sensitive <400-copies/ml assay.

Logistic regression analysis was conducted using the factors significantly associated with
immunologic nonresponse in univariate analysis: the −6M visit CD4 cell count, the −6M
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visit plasma log10 HIV RNA level, HAART use at visits −12M through −6M and HIV RNA
levels between 80 and 400 copies/ml at both visits 0 and +6M. In addition, age in years at
the first suppressive HAART visit and HCV seropositivity were included in the modeling, as
these factors have been found to be associated with the magnitude of immunologic response
to HAART in other studies. In stepwise selection logistic regression models that included
the above factors, only higher last presuppressive CD4 cell count (OR estimate for each 50
CD4 cell increase, 0.78; 95% CI, 0.67 to 0.90; p = 0.001) and lower last presuppressive HIV
RNA level (OR estimate for each 1.0 log10 increase, 1.75; 95% CI, 1.04 to 2.93; p = 0.03)
were found to be independently associated with immune nonresponse. A trend for more
immune nonresponders than responders with low-level HIV RNA viremia (HIV RNA
between 80 and 400 copies/ml at visits 0 and +6M) was noted, but did not reach statistical
significance (p = 0.098, OR, 2.63; 95% CI, 0.84 to 8.26).

DISCUSSION
This analysis of HIV-infected women monitored in the WIHS who experienced at least 6
months of HIV RNA suppression while reporting continuous HAART use found several
factors associated with immunologic nonresponse. In univariate analysis, higher CD4 cell
count, CD4 percentage, CD8 cell count, total lymphocyte count, total white blood cell count,
and lower plasma HIV RNA levels during the 6 months prior to suppression were all
significantly associated with nonresponse, as was use of HAART during the 6 months prior
to the achievement of consistent viral suppression (HAART use at −12M through −6M
visits). Also, the degree of viral suppression was greater for more responders, with
significantly more nonresponders having low-level HIV viremia between 80 and 400 copies/
ml at both visit 0 and visit +6M. Only higher presuppressive CD4 cell count and lower
presuppressive HIV RNA viral load remained statistically significant in multivariate logistic
regression analysis. Factors not statistically associated with immunologic nonresponse
included age at initial viral suppression, ethnicity, HIV acquisition risk factors, clinical
AIDS diagnosis, hepatitis C seroreactivity, alcohol and/or illicit drug use, use of PI-based
versus NNRTI-based HAART, and use of specific medications such as zidovudine and
trimethoprim–sulfamethoxazole.

The two most significant factors associated with immunologic nonresponse in this study
were lower presuppression HIV RNA viral load and higher presuppression CD4 cell counts.
These findings can have a number of interpretations. First, these associations may represent
biologic phenomena. If the magnitude of reduction of plasma viral load under HAART is
positively correlated to CD4 cell recovery, then even fully suppressive HAART in an
individual with a lower presuppression viral load could have less impact on CD4 cell
recovery than in an individual with a high presuppression viral load. Similarly, if the
presuppression CD4 cell count level is the result of HIV viral activity, then a lower
presuppression CD4 cell count could represent more HIV viral activity and thus greater
potential impact of viral suppression with HAART.

Alternatively, as this study included women who were not naive to antriretroviral therapy
including HAART, a lower HIV RNA viral load and higher CD4 cell count prior to
suppression to below 400 copies/ml could have resulted from longer and/or more effective
presuppression antiretroviral use in nonresponders compared with responders. Indeed, this
hypothesis is suggested by the observations that nonresponders more commonly reported
HAART use at the −12M and −6M presuppression visits and experienced larger increases in
CD4 cell counts between the presuppression nadir visit and the presuppression −6M visit.

Finally, regression to the mean is another potential mechanism that may partially explain the
association between higher presuppression CD4 cell counts in immunologic nonresponders
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compared with responders, as the presuppressive −6M visit CD4 cell count was used in the
calculation of the immune response to suppressive HAART. Thus, a random, spurious
higher presuppressive CD4 cell count may lead to the appearance of less response and a
random spurious lower value to greater response. The fact that not more than a 20-cell
difference exists in the CD4 cell count mean plots (Fig. 2A) at and prior to the −18M visit
suggests that there is not a large difference between responders and nonresponders until
response to HAART is examined. To further address this, we assessed for regression to the
mean by examining changes in CD4 counts between the −12M and +12M visits, which
overlapped the −6M presuppression and the −6M visits, the visits used to calculate immune
response. A difference in mean CD4 cell count changes between nonresponders and
responders from the −12M visit to the +12M visit of 126 cells/mm3 was of the same
magnitude as the mean change of 111 cells/mm3 seen from the −6M presuppression to the
+6M visit (data not shown). This suggests a true difference between responders and
nonresponders, and not a random effect such as regression to the mean.

Other investigators have evaluated CD4 cell responses to HAART in other cohorts,8,9 but
few have restricted analyses to virologic responders. In a Spanish study, investigators
assessed factors associated with lack of at least a 100-cell/mm3 increase in CD4 cell count
after virologic response for 24 or more months.10 Similar to our findings, lower baseline
HIV RNA level and higher baseline CD4 cell count were associated with poor immunologic
response in univariate analysis, along with prior injection drug use and receipt of an NNRTI-
based regimen. In multivariate analysis, however, only prior injection drug use was
associated with poor immunologic response, whereas use of a PI-based regimen was
associated with reduced risk of poor immunologic response.

Hepatitis C infection and older age at the time of HAART initiation have been associated
with poorer CD4 cell responses in other studies of immunologic outcomes.8–11 In our study,
neither the HIV acquisition risk factor of injection drug use nor hepatitis C seropositivity
was statistically associated with immune nonresponse. There was a nonsignificant trend
toward older age for immune nonresponse, with nonresponders being 2 years older than
immune responders at HIV suppression. When included in multivariate models, both
differences in age at HIV suppression and hepatitis C serostatus were found not to be
significantly associated with immune nonresponse.

Only women with virologic suppression to at least <400 copies/ml were included in this
study, as the goal of the analysis was to investigate factors associated with immune response
to suppressive antiretroviral therapy. Continued viral replication in the face of antiretroviral
therapy has been associated with limited immune responses to antiretroviral therapy, with
studies finding CD4 cell increases negatively correlated with plasma HIV RNA levels while
on HAART.9,22 In our study, active low-level viral replication with plasma HIV RNA levels
between 80 and 400 copies/ml at both visits 0 and +6M while on HAART was found in
significantly more immune nonresponders (21.0%) than responders (7.8%) (OR, 2.69; 95%
CI, 1.12–6.48; p = 0.036). However, this difference did not remain statistically significant in
multivariate modeling, although a trend for this was noted (OR, 2.63; 95% CI, 0.84–8.27; p
= 0.098). Four of the women with HIV RNA levels between 80 and 400 copies/ml had one
but not both of the two suppressive HAART plasma HIV RNA viral load determinations
performed by the less sensitive <400-copies/ml assay and were thus considered to have a
viral load of 400 copies/ml in this analysis. If HIV viral loads of these subjects were in fact
<80 copies/ml at the visit where they could only be determined to be <400 copies/mL, this
would represent a conservative bias. Further study of immunologic nonresponders with
more sensitive HIV RNA assays with lower limits of quantification could shed light on the
potential role of low levels of viremia in the pathogenesis of poor CD4 count responses.
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As others did, we selected an arbitrary CD4 cell count increase as the definition of immune
response, namely falling within the lowest quartile of CD4 changes on 6 months of
suppressive HAART. We believe that this level well represents women with poor
immunologic responses to HAART (relative to their peers) that are of potential clinical
significance, since three-quarters of the nonresponders had an increase of 10 or fewer CD4
cells/mm3 and 58% had no increase at all. In addition, we believe that our cutoff for immune
nonresponse of fewer than a 52-cell increase under 6 months of suppressive HAART well
represents individuals with poor CD4 cell increases on suppressive HAART compared with
the reported experience of subjects in clinical trials. Indeed, this cutoff is less than half the
mean increase in CD4 cells on 6 months of suppressive HAART reported in an analysis of
large numbers of HAART-naive subjects in clinical trials (estimated mean CD4 cell increase
of 123 cells/mm3 after 6 months of HAART, based on data on 3204 patients; 95% CI, 111 to
135 cells/mm3).3

It is possible that with further antiretroviral treatment that some of these women would
experience meaningful increases in CD4 cell counts. For example, Dronda and colleagues
found that 42 of 288 subjects with viral suppression through 24 months were poor
immunologic responders at 1 year but had increases from baseline of greater than 100 cells/
mm3 between months 12 and 24.10 Because of sample size limitations related to frequent
intermittent use of HAART in the WIHS, we were unable to extend the required period of
continuous HAART use and virologic suppression in this analysis. By following the plot of
mean CD4 cell counts for nonresponders versus responders in Fig. 2A from visit 0 through
visit +36M, however, one can see that the mean CD4 cell count for the nonresponders never
catches up to the responders and generally remains about 100 cells/mm3 lower. In addition,
at visit +36M the mean CD4 increase in nonresponders is less than 50 cells/mm3, compared
with a mean increase of more than 250 cells/mm3 in the responders. This sustained
difference in CD4 cell counts between the two groups of women suggests that our
classification of subjects is robust and biologically relevant.

There are several limitations to this study. Interestingly, few women achieved consecutive
visits with viral suppression on HAART, thus limiting both the power of the study to find
predictors of immune nonresponse and perhaps the ability to generalize to all HAART users.
Nonstatistically significant trends, such as age at initiation of HAART, and factors that were
statistically significant in univariate analysis but not in multivariate modeling, such as low-
level HIV RNA viremia and presuppression HAART use, were noted. It is possible that a
larger sample size would have had the power to determine whether these differences
independently predict nonresponse. Women were enrolled in the WIHS cohort in late 1994
through late 1995. This was during the era of combination antiretroviral therapy and at the
beginning of first-generation PI-based HAART. Given the generally poor overall results in
real world clinical experience with these early PI-based regimens, especially in antiretroviral
drug-experienced individuals,23 it is not surprising that so few subjects qualified for this
study.

We chose to include only women with nadir presuppression CD4 cell counts of <350 cells/
mm3 as this reflects the current threshold for initiating antiretroviral therapy found in several
of the guidelines for treatment of HIV infection that are generated by expert panels.15,16

Thus, we could not assess differences in immune response rates in women who start
HAART with nadir counts >350 cells/mm3.

Knowing the exact date of HAART initiation in antiretroviral drug-naive individuals and
having baseline data points just before this date, as in clinical trials, is the ideal way to
analyze immune response to HAART. The lack of exact antiretroviral start and stop dates, as
well as the 6-month intervals between WIHS study visits, limited the ability to assess the
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effect of HAART on CD4 responses in this study, especially as a large portion of the CD4
cell increase seen in subjects initiating HAART has been found to occur in the first months
of HAART use. Furthermore, we relied on self-report of HAART use, and, because of the
visit frequency, we could only determine that women were suppressed at the beginning and
end of a 6-month interval but not whether they were suppressed throughout the interval.

In summary, we found that higher presuppressive CD4 cell count and lower HIV viral load
were associated with poor immunologic response to HAART in women with suppressed
viral loads for at least 6 months. Our finding of a trend toward a greater prevalence of low-
level viremia (between 80 and 400 copies/ml) among immunologic nonresponders warrants
further study of similar populations with more sensitive viral load assays, since
intensification of antiretroviral therapy could be a useful strategy to study if ongoing viral
replication accounts for part of the decreased CD4 cell response to HAART.
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FIG. 1.
Selection of women enrolled in the WIHS cohort reporting HAART use with sustained
virologic suppression for at least 6 months and with a nadir CD4 cell count of <350 cells/
mm3.
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FIG. 2.
Plot of mean absolute CD4 number (A) and mean log10 HIV RNA level (B) in immunologic
responders (R) and nonresponders (NR) at all WIHS visits between the visit 30 months prior
to (−30M) and 36 months after (+36M) the first suppressive HAART visit (visit 0). Shaded
area denotes required time period of HIV viral suppression below 400 copies/ml.
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