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In Vivo Delayed-Type Hypersensitivity Skin Test Anergy in Human
Immunodeficiency Virus Type 1 Infection Is Associated with T Cell
Nonresponsiveness In Vitro

J. J. Maas, M. T. L. Roos, I. P. M. Keet, E. A. M. Mensen, Municipal Health Service, Department of Public Health and
Environment, and Department of Retrovirology, Academic MedicalA. Krol, J. Veenstra, P. T. A. Schellekens, S. Jurriaans,

Centre; Department of Clinical Viro-Immunology, Central Laboratory ofR. A. Coutinho, and F. Miedema
the Netherlands Red Cross Blood Transfusion Service, Amsterdam,

The Netherlands

In a cross-sectional study, the prevalence of delayed-type hypersensitivity skin test anergy (DTHA)
was examined in 136 asymptomatic human immunodeficiency virus–infected participants in relation
to immunologic and virologic parameters. DTHA was assessed with a multitest cell-mediated immu-
nity skin test. Of the 136 participants, with a mean CD4 T cell count of 335 1 106/L, 25 were
anergic (18.4%). In the stepwise forward multivariate logistic regression models, after adjustment
for CD4 T cell counts, depending on whether it was analyzed continuously or after dichotomization
(20th percentile), both T cell reactivity to CD2 plus CD28 antibodies or to CD3 antibodies were the
most predictive markers of DTHA (odds ratio, 0.80; 95% confidence interval, 0.67–0.94; and odds
ratio, 2.97; 95% confidence interval, 1.1–8.3, respectively). This study shows a strong correlation
between the decreased T cell responses in vitro and DTHA. Therefore, next to DTHA testing, T
cell function assays may be useful to test immune reconstitution observed during antiretroviral
treatment.

Infection with human immunodeficiency virus (HIV) induces part, be caused by diminished release of interleukin-12, a cyto-
kine that directs Th1 responses [10, 11] and that has beenprofound defects of cell-mediated immunity, which will even-

tually result in AIDS. The hallmark of progression of HIV-1 reported as able to restore HIV-specific T cell responses in
patients [12, 13].infection is depletion of CD4 T cells, but several other surrogate

markers, such as HIV-1 RNA load [1] and T cell reactivity in DTH anergy (DTHA) has been observed in 20%–30% [14,
15] of asymptomatic HIV-1–infected persons with normal orvitro [2], have also been shown to provide important additional

information regarding the prognosis of HIV-1–infected per- slightly decreased CD4 T cell counts. The prognostic signifi-
cance of DTHA has been recognized in the Walter Reed classi-sons. Although not frequently used, delayed-type hypersensi-

tivity (DTH) skin testing was recognized early on as a marker fication, in which it was an independent indicator for progres-
sion to disease [16–18].to assess the immune status of HIV-1–infected persons [3–5].

The DTH reaction is mediated by Th1 cells, which produce We therefore investigated the possible relation between
DTHA and T cell function in vitro by using different stimula-interleukin-2 and interferon-g [6]. It has been shown in asymp-

tomatic HIV-1–infected persons that peripheral blood T cells tion protocols, as well as the wider association with the other
virologic and immunologic markers used for monitoring pro-[7, 8] and lymph node T cells [9] have a reduced capacity to

produce interleukin-2 and interferon-g, which is probably the gression of HIV-1 infection.
cause of the diminished capacity to induce DTH reactions. The
Th1 dysfunction in HIV-1–infected persons could, at least in

Materials and Methods

Study population. The study population consisted of HIV-1–
infected white homosexual men who were participating in theReceived 22 December 1997; revised 9 April 1998.
Amsterdam Cohort study on HIV infection and AIDS [19]. Partici-Informed consent was obtained from all participants.

Financial support: Netherlands Foundation for Preventive Medicine (grant pants were seen at 3-month intervals. At each 3-monthly visit, as
28-2370) as part of the Stimulation Programme on AIDS research of the Dutch well as a physical examination and a medical history, immunologic
Programme Committee for AIDS Research. This study was done as part of and virologic laboratory evaluations were done.
the Amsterdam Cohort studies on HIV infection and AIDS, a collaboration

A multitest cellular-mediated immunity (CMI) skin test wasbetween the Municipal Health Service, the Academic Medical Centre, and the
done on all 136 HIV-1–infected participants who visited the Mu-Central Laboratory of the Netherlands Red Cross Blood Transfusion Service,

The Netherlands. nicipal Health Service in the period from September 1995 through
Reprints or correspondence: Dr. Jaap Maas, Municipal Health Service, Dept. February 1996, at one of the routine visits or shortly afterwards.

of Public Health and Environment, Nieuwe Achtergracht 100, room 411, 1018
DTH skin testing. For evaluation of DTHA, we used the com-WT Amsterdam, The Netherlands (jmaas@gggd.amsterdam.nl).

mercially available Multitest CMI applicator (Institut Mérieux,
The Journal of Infectious Diseases 1998;178:1024–9

Lyon, France) [20–22]. The recall antigens applied with theq 1998 by the Infectious Diseases Society of America. All rights reserved.
0022–1899/98/7804–0014$02.00 multitest were tetanus, diphtheria, Streptococcus group C, tubercu-
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lin, Proteus, Candida albicans, and Trichophyton along with a Results
glycerine control. The result of the skin test was assessed after 48
h. The test was administered and interpreted by trained nurses [23] The mean age of the 136 HIV-1–positive homosexual men
of the tuberculosis prevention department of the Municipal Health was 41.5 years (range, 25–59). Ninety-four were HIV-1–posi-
Service of Amsterdam. Furthermore, for a reference, the multitest tive at entry and 42 seroconverted during follow-up. The mean
was also applied to 20 staff members of the Municipal Health HIV-positive follow-up period was 6.4 years, with a range of
Service of Amsterdam and to 4 HIV-negative homosexual men.

3 months to 11 years. The mean age of the 24 controls (15
No blood was drawn from these controls. DTHA is frequently

men and 9 women) was 41 years (range, 28–56). In 60% ofdefined as none of the skin test indurationsú2 mm [24]. However,
subjects, time between blood drawing at one of the routinethis definition was not feasible because the number of anergic
visits and applying the multitest was õ2 weeks, with a maxi-persons was too small to perform an analysis. Therefore, the fol-
mum range of 3 months.lowing DTHA definition was used: A skin induration §2 mm to

Of the 136 HIV-1–positive men included in this study, 25an individual recall antigen was considered a response. The mean
were found to be anergic (18.4%), compared with 1 in theDTH score was defined as the sum of all of the indurations §2

mm (nominator), divided by the number of responding antigens control group (4.2%) (P Å .13). However, the sum of skin test
(denominator). DTHA was defined as a mean DTH score£2 mm. indurations, the number of responding antigens per subject,

Laboratory methods. Sera were tested for the presence of HIV- and the mean DTH score were all significantly lower in the
1 antibodies with two commercially available ELISAs (Abbott HIV-1–positive subjects than in controls (P õ .001, P õ .001
Laboratories, Abbott Park, IL; Vironostika Teknika, Organon, Oss, [figure 1], and P Å .002, respectively). Eleven subjects showed
The Netherlands) and confirmed with Western blot. HIV-1 p24 no response whatsoever against any of the antigens (8%), com-
antigen was detected with a solid-phase, sandwich-type EIA (Ab-

pared with none of the controls (P Å .16).
bott Laboratories). The HIV-1 RNA virus load was assessed with

Table 1 shows that the mean induration and the percentage ofthe nucleic acid sequence–based amplification [25] assay in cryo-
responding subjects per recall antigen was in general lower—preserved sera. All serologic and immunologic tests were carried
except for Trichophyton antigen—in the HIV-1–infectedout in fresh specimens. T cell subsets were enumerated by a direct
group than in the control group, although statistical significanceimmunofluorescent technique using monoclonal antibodies
was not always reached.(MAbs) and a flow cytometry system. Cocultivation of peripheral

The HIV-1–infected subjects were divided into 2 groups,blood mononuclear cells with MT-2 cells was used to detect the
presence of syncytium-inducing HIV-1 variants [26]. To measure anergic (n Å 25) and responders (n Å 111), and compared
T cell reactivity, fresh cells were stimulated in a whole blood regarding virologic and immunologic markers (table 2). The
culture system with CD3 MAb, CD3 plus CD28 MAb [27], CD2 mean CD4 T cell count for the 136 HIV-1–positive participants
plus CD28 MAb, and phytohemagglutinin [28]. Reactivity was was 335 1 106/L, with a mean for responders and anergic men
expressed as the percentage of median responses detected in con- of 355 1 106/L and 246 1 106/L, respectively (P Å .01).
currently running cultures of 5 healthy controls. Moreover, T cell responses induced by CD3 MAb, CD3 plus

Statistical analysis. In a cross-sectional design, continuous CD28 MAb, and CD2 plus CD28 MAb were significantly
variables with an approximately normal distribution were tested

higher in the responders than in the anergic men. Of the viro-
with Student’s t test. Variables with a skewed distribution were

logic markers, only HIV-1 p24 antigen differed significantlytested with the Mann-Whitney test or, after the most appropriate
between the groups. Plasma HIV-1 RNA virus load did not.transformation (log or square root), tested with the Student’s t test.
There was no association of DTHA with age or length ofIn addition, categorical variables were examined with the x2 test.
follow-up (P Å .37 and .67, respectively).The predictive value for developing DTHA was assessed in two

In the univariate logistic regression analysis, the followingways, continuously and after dichotomization. In the latter analysis,
continuous markers were shown to be significantly associatedthe continuous variables were dichotomized at the 20th percentile.

This level was chosen because it approximates the lower reference with DTHA (table 3): CD4 T cell count and low T cell reactiv-
range that is used by our laboratory. In this analysis, the odds ratio ity after stimulation with CD3 plus CD28 MAb and CD2 plus
(OR) of DTHA was calculated in the group with marker levels CD28 MAb. The presence of HIV-1 p24 antigen was also
below the 20th percentile compared with others in the study group significantly associated with DTHA. In the stepwise forward
(£20th vs. ú20th percentile). Plasma HIV-1 RNA virus load was multivariate model (including CD4 T cell count, T cell reactiv-
log-transformed, and the dichotomization threshold was set at 104

ity after stimulation with CD3 plus CD28 MAb and CD2 plus
copies/mL, the level at which antiretroviral treatment is recom- CD28 MAb, and HIV-1 p24 antigen), low T cell reactivity
mended [1].

after stimulation with CD2 plus CD28 MAb appeared to be
ORs with 95% confidence intervals (95% CIs) were calculated

the most predictive marker, with an OR of 0.80 (95% CI, 0.67–with logistic regression. The associations between the presence of
0.95) (P Å .01).DTHA and the various immunologic and virologic variables were

In the univariate logistic regression analysis, the followinganalyzed univariately and after adjustment for CD4 T cell count.
dichotomized markers were shown to be significantly associ-Finally, the variables that predicted DTHA significantly were ana-
ated with DTHA (table 3): low T cell reactivity after stimula-lyzed in a stepwise forward model. The following levels of signifi-

cance were used: P § .10 for removal and P õ .10 for addition. tion with CD3 MAb and CD2 plus CD28 MAb. In a bivariate
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Figure 1. Median, quartiles, and
extreme values (s) for sum of skin
test indurations and number of re-
sponding recall antigens observed in
HIV-seronegative controls and HIV-
seropositive participants.

analysis with CD4 T cell count forced into the logistic model, predictor of DTHA, with an OR of 3.0 (95% CI, 0.8–11.9) (P
Å .1).the ORs for the other markers remained similar. In the final

stepwise forward multivariate model, including CD3 MAb,
CD2 plus CD28 MAb, and HIV-1 p24 antigen, low T cell

Discussion
reactivity to CD3 MAb appeared to be the best discriminating
marker, with an OR of 2.97 (95% CI, 1.1–8.3) (P Å .04). Increasingly, sets of progression markers are being used to

stage HIV-1–infected patients. Most of these surrogate mark-Furthermore, we performed a third logistic analysis in which
we defined DTHA as none of the indurations ú2 mm (11 ers, for example, plasma HIV-1 RNA load and CD4 T cell

count, have proven to be useful as predictors of progression toanergic men vs. 125 responders). In this analysis, low T cell
reactivity to CD2 plus CD28 MAb appeared to be the strongest symptomatic HIV-1 infection and death. DTH skin induration

Table 1. Results of multitest CMI: mean DTH induration and % of responding subjects per recall
antigen.

Skin test induration, mm (SE) No. of responders (%)

HIV-infected Control HIV-infected Control
DTH antigen (n Å 136) (n Å 24) P (n Å 136) (n Å 24) P

Candida 2.5 (0.20) 3.3 (0.39) .11 82 (60) 20 (83) .03
Proteus 2.0 (0.14) 2.8 (0.29) .02 86 (64) 21 (88) .02
Tetanus 2.3 (0.22) 4.2 (0.84) .03 74 (54) 16 (67) .26
Trichophyton 1.1 (0.16) 1.0 (0.44) .15 38 (28) 5 (21) .46
Streptococcus 1.0 (0.12) 2.0 (0.34) .007 43 (32) 14 (58) .02
Diphtheria 1.1 (0.14) 2.7 (0.59) .008 48 (54) 15 (63) .01
Tuberculin 1.0 (0.15) 3.3 (0.75) õ.001 21 (15) 13 (54) õ.001
Glycerol control 0 (0) 0 (0) — 0 0 —

NOTE. Responder is defined as skin test induration for specific recall antigen §2 mm. P values were determined
with Mann-Whitney or x2 test.
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Table 2. Immunologic and virologic characteristics of anergic and MacDonell et al. [16], Blatt et al. [17], and Birx et al. [29]
non-anergic HIV-1–positive participants. demonstrated that DTHA is an independent marker for progres-

sion to AIDS. DTHA can therefore be useful in distinguishing
Anergic Non-anergic

progressors from nonprogressors in the group of HIV-1–in-Marker of progression (n Å 25) (n Å 111) P
fected asymptomatic persons.

T cell subset Depending on whether analyses were done with continuous
CD4 246 (31) 355 (33) .01 variables or after dichotomization, we found a strong associa-
CD8 1073 (511) 1174 (577) .43

tion between DTHA and depressed T cell responsiveness toCD3 1409 (707) 1618 (683) .18
activation signals induced by CD2 plus CD28 MAb or CD3T cell reactivity to

phytohemagglutinin 39.7 (4.6) 53.1 (4.9) .06 MAb. However, T cell reactivity after stimulation with CD2
CD3 MAb 15.4 (4.6) 33.7 (4.0) .03 plus CD28 MAb appeared to be a more universal predictor of
CD3 plus CD28 MAb 27.3 (5.9) 41.3 (6.2) .04

DTHA than was T cell reactivity after stimulation with CD3
CD2 plus CD28 MAb 45.9 (4.0) 64.5 (3.9) .008

MAb. This can be explained by the fact that, in addition toVirologic marker
activation via the CD3 T cell receptor complex or the CD2 THIV-1 RNA virus load 4.4 (0.95) 4.2 (0.78) .26

HIV-1 p24 antigen 11/25 (44) 25/111 (23) .02 cell receptor, CD28 MAb delivers a second signal to T cells
HIV-1 syncytium-inducing variant 5/25 (20) 13/111 (12) .26 [27]. In vitro, the CD28 MAb, not being mitogenic on its own,

strongly enhances proliferation of T cells stimulated by CD3NOTE. Data are mean (SD) or no. positive/total (%). T cell subsets are
cells 1106/L. T cell reactivity is % in relation to median of responses of 5 MAb or CD2 MAb. Therefore, in patients with more advanced
healthy controls cultured simultaneously. HIV load is log10-transformed copies/ HIV infection, T cell reactivity to CD2 plus CD28 MAb is
mL. Categorical values were analyzed with x2 test; continuous variables were

longer preserved and more robust than T cell reactivity to CD3analyzed with Student’s t test.
MAb.

Although a significant association between DTHA and HIV
p24 antigen was found, surprisingly, no association with plasmafollowing a standardized amount of intracutaneously applied
HIV-1 RNA at the level of 10,000 copies/mL could be found.recall antigens is a direct in vivo measure of cellular immunity.
However, if a higher cutoff value was used, the plasma HIVIn the present study, we examined the association between
RNA level became more predictive (data not shown). Fromseveral immunologic and virologic laboratory markers of pro-
this we have concluded that HIV RNA is only capable ofgression and the occurrence of DTHA.
predicting DTHA at higher RNA levels.Our result, a DTHA percentage of 18.4% with a relatively

In previous studies, we have demonstrated that early in infec-high CD4 T cell count of 335 1 106/L, is in accordance with
previously published results [14, 15]. Furthermore, studies by tion, CD3 MAb–induced T cell responses are depressed in

Table 3. Results of univariate logistic regression analyzing predictive value of various immunologic and virologic markers in predicting
DTH skin test anergy.

Results, univariate logistic regression

Continuous Dichotomized (20%)

Marker of progression OR 95% CI P Cutoff* OR 95% CI P

T cell subset
CD4 0.75 0.57–0.97 .03 192 1 106/L 2.5 0.9–6.7 .07
CD8 0.97 0.88–1.05 .43 662 1 106/L 0.8 0.2–2.5 .68
CD3 0.95 0.88–1.02 .18 996 1 106/L 1.1 0.4–3.3 .87

T cell reactivity to
phytohemagglutinin 0.85 0.72–1.01 .07 30.0% 1.1 0.4–3.4 .84

CD3 MAb 0.91 0.82–1.02 .10 9.0% 3.0 1.1–8.3 .04
CD3 plus CD28 MAb 0.83 0.69–0.99 .04 16.0% 1.9 0.7–5.3 .21
CD2 plus CD28 MAb 0.80 0.67–0.95 .01 37.2% 3.0 1.1–8.2 .03

Virologic marker
HIV-1 RNA virus load 1.41 0.78–2.55 .25 104 copies/mL 1.7 0.6–4.8 .29
HIV-1 p24 antigen — — — Yes/no 2.9 1.2–7.2 .02
HIV-1 syncytium-inducing variant — — — Yes/no 1.9 0.6–6.0 .26

NOTE. Continuous markers were dichotomized at 20th percentile. T cell subsets are changes in odds ratio (OR) per 100 1 106/L; T cell reactivity is changes
in OR per 10%; HIV-1 load is changes in OR per 1 log HIV-1 RNA level. CI, 95% confidence interval.

* Marker value found at 20% cutoff.
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