
Antiretroviral Therapy with Protease Inhibitors Has an Early, Immune
Reconstitution–Independent Beneficial Effect on Candida Virulence and Oral
Candidiasis in Human Immunodeficiency Virus–Infected Subjects

Antonio Cassone,1 Evelina Tacconelli,2

Flavia De Bernardis,1 Mario Tumbarello,2

Antonella Torosantucci,1 Paola Chiani,1

and Roberto Cauda2

1Department of Bacteriology and Medical Mycology, Istituto
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Highly active antiretroviral therapies (HAARTs) that contain human immunodeficiency virus

(HIV) protease inhibitors (PIs) or nonnucleoside reverse-transcriptase inhibitors (NNRTIs) were

compared for their effect on secretory aspartyl proteinase (Sap), a virulence trait for mucosal candi-

diasis. In therapy-naive HIV-positive subjects, oral Sap was detected in 11, 6, 3, 0, and 0 of 15 sub-

jects treated with PI-HAART and in 7, 7, 9, 6, and 5 of 15 subjects treated with NNRTI-HAART,

on days 0, 14, 30, 90, and 180 of treatment, respectively. In another 30 subjects, Sap was detected

in 0 and 7 of 15 subjects after 1 year of treatment with PI-HAART or NNRTI-HAART, respectively.

The anti-Sap effect of PI-HAART was associated with clinical resolution of oral candidiasis but not

with late and inconstant recovery of anticandidal cellular immunity. In all subjects, the 2 therapeutic

regimens compared well in increasing CD4+ cell count and abating viremia. Thus, PIs exert an early,

immune reconstitution–independent effect on Candida virulence in the oral cavities of HIV-positive

subjects.

Highly active antiretroviral therapy (HAART) that includes

human immunodeficiency virus (HIV) protease inhibitors (PIs)

has shown remarkable efficacy against virus replication and

againstprogression toandmortality fromAIDS[1–4].Beneficial

effects have been noticed, in particular, in the field of opportunis-

tic infections (OIs) since early HAART introduction in the clini-

cal care of patients with AIDS [3–5]. Repeated observations and

current opinion attribute these clinical benefits mainly, if not

exclusively, to immune reconstitution, as usually measured by

the elevation of circulating CD4+ cells and by the at least partial

recovery of T cell responses against recall antigens [6–9]. How-

ever, several findings have documented that the clinical efficacy

of HAART may not be paralleled by the reconstitution of specific

immune responses against agents of OI [10, 11].

We have considered that HAART-induced early decline of

oral candidiasis (OC), one of the most frequent OIs in HIV-

infected subjects, might also depend on an additional direct ef-

fect of PIs against Candida albicans, the most common cause

of OC in such patients [12]. This hypothesis was based, first, on

clinical observations that resolution of refractory OC occurred

in some PI-treated patients well before recovery of CD4+ cell

count and, second, on the anticandidal activity of some PIs [13].

This activity was demonstrated in vitro, as well as in an animal

model of mucosal candidiasis, and was mediated by the inhi-

bition of C. albicans secretory aspartyl proteinase (Sap), a

family of virulence enzymes that belong to the same family as

HIV protease [13–16]. The above findings raised the issue of

whether the anticandidal activity of PI could be relevant to the

clinical efficacy of PI-containing HAART regimens.

To address this issue, we compared subjects who received

HAART with PI with other subjects who were receiving a PI-

sparing HAART regimen with a nonnucleoside reverse-tran-

scriptase inhibitor (NNRTI) [16] for OC incidence, oral Candida

carriage, and Sap production in the oral cavity. In a first study, 30

antiretroviral therapy–naive subjects who began HAART that

included PIs or NNRTIs were longitudinally assessed, at various

time intervals, for a total follow-up of 180 days. In a second,

cross-sectional study, 30 subjects who had been receiving either

therapeutic regimen for>1 year were compared. In both studies,

specific immune reconstitution of anti-Candida response also

was assessed, to examine the extent of this recovery and its pos-

sible relationship with the effect of PI-HAART or NNRTI-

HAART on oral Sap level and OC incidence.

Subjects and Methods

Study setting. The Catholic University Hospital is a 1700-bed

tertiary care center located in Rome, Italy, with �60,000 patient ad-
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missions each year. There is a 60-bed unit for the admission of HIV-

infected patients and a day hospital for their outpatient care.

Longitudinal study. Seventy-one HIV-infected subjects who

were naive for antiretroviral therapy and who were admitted as

outpatients from 1 July 1 through 31 December 1999 were consid-

ered. For the purpose of the present study, 15 subjects who began

PI-HAART (group 1) and 15 who began NNRTI-HAART (group

2) were selected randomly. The time of the beginning of therapy

has been designated as time 0 in the analysis, and all subjects were

monitored for 180 days.

Cross-sectional study. One hundred and fourteen HIV-infected

subjects who were admitted as out-patients or in-patients and who

had been receiving HAART for >1 year without any change of

therapy were considered. From this population, 15 HIV-infected

subjects receiving HAART with a PI (group 3) and 15 receiving

HAART with an NNRTI (group 4) were selected randomly.

Parameters evaluated. For each subject enrolled in the study,

the following data were obtained (scheme A): age, sex, HIV risk

behavior, active injection drug abuse, stage of HIV infection [17],

previous manifestations of HIV infection, date of AIDS-defining

illness, presence of OC and history of previous OC episodes, con-

current OIs, risk factors for OC antimicrobial therapy, type and use

of prophylaxis for Pneumocystis carinii pneumonia and toxo-

plasmosis, use of other medications (antituberculous agents, antivi-

rals, corticosteroids, and antacids), numbers of circulating CD4+ T

cells (cells/mm3) and peripheral polymorphonuclear cells (PMNL;

cells/mm3), and HIV viremia, with a limit of detection of ,50 HIV

RNA copies/mL. The analyzed risk factors for OC included neutro-

penia (PMNL count ,1000 cells/mm3), alcoholism, cirrhosis, dia-

betes, neoplastic diseases, and chronic renal failure. For each pa-

tient, we also obtained blood samples (scheme B) for analyzing

lymphoproliferative response to C. albicans antigen, tetanus toxoid,

and phytohemagglutinin (PHA; see below). In the longitudinal

study, all subjects underwent scheme A at 14 (except for determina-

tion of CD4+ T cell counts and HIV viremia), 30, 90, and 180 days

and scheme B at baseline and 30 and 180 days.

Laboratory methods. Peripheral blood mononuclear cells

(PBMC) were separated from heparinized blood samples by density

gradientcentrifugationonLymphoprepsolution (NycomedPharma)

and were resuspended at 106 cells/mL in RPMI medium (Gibco-

BRL) supplemented with 5% human AB serum (Sigma Chemical),

2mmol L-glutamine, 100U/mLpenicillin, and100U/mLstreptomy-

cin (Gibco-BRL). Triplicate PBMC cultures were stimulated with 10

mg/mL PHA (Sigma), 10 mg/mL tetanus toxoid (kindly supplied by

Chiron-Biocine), or with different doses (10 and 50 mg/mL) of a

purified antigenic extract from C. albicans (MP-F2) that contains

immunodominant mannoprotein antigens of the fungus and can be

used, without loss of sensitivity, in place of whole, inactivated Can-

dida cells as antigenic stimulator of PBMC proliferation [18]. Lym-

phocyte proliferation was measured as [3H]thymidine incorporation

after 3 (PHA) or 7 (tetanus toxoid and Candida antigen) days of

incubation under 5% CO2 at 37�C, as reported elsewhere [12]. The

stimulation index (SI) was calculated by dividing the radiolabel

incorporation by stimulated PBMC cultures by the incorporation of

unstimulated control cultures. A positive lymphoproliferative re-

sponse was assumed when an SI >5 with incorporation values

.1500 cpm was measured. Data published elsewhere [18] and our

own unpublished data have indicated that .90% of healthy, HIV-

negative adult subjects would have SI and count-per-minute values

greater than or equal to the selection cutoff for positive response.

Oral Candida carriage and in vitro Sap production by Candida

isolates were assessed as described elsewhere [19–21]. The diagno-

sis of OC, microbiologically documented on the first episode, was

made routinely by the typical signs and symptoms. All OC were

clinically categorized into 3 types: pseudomembranous, erythema-

tous, and hyperplastic forms, as described in detail elsewhere [12].

The amount of salivar Sap was measured by ELISA [19, 20, 22].

In brief, 1 mL of saliva was centrifuged at 6500 g for 10 min, and

the cell-free supernatant was treated with 0.5 mL of 50% thrichlor-

acetic acid (TCA). Besides precipitating the protein, this treatment

unbinds Sap from any substrate or antibodies, thus allowing for the

measurement of both free and bound Sap. The precipitate in TCA

was washed with ethanol, dissolved in 1% SDS, boiled for 3 min,

diluted in 0.2 M carbonate buffer (pH 9.6), and applied (70 mL) to

the microtest plates. A rabbit serum raised against a highly purified

Sap preparation [19, 20] was used (at a 1:100 dilution) and, after 2 h

of incubation at 37�C, a second antibody (phosphatase-conjugated

anti–rabbit IgG4, 1:100 dilution; Sigma) was added, and the reac-

tion was detected by the addition of nitrophenol phosphate (Sigma)

as substrate. The detection limit of this reaction was 20 ng/mL [19,

20]. The specificity of the reaction was always confirmed by Wes-

tern blot [20]. A subject was considered to be Sap positive when

Sap was found in his or her saliva (detected by ELISA and con-

firmed by Western blot).

Statistical analysis. Quantitative variables were tested for nor-

mal distribution and were compared by means of Student’s 2-tailed t

test. Differences in group proportions were assessed by use of the x2

test or, for small numbers, Fisher’s exact test. A repeated-measures

analysis of variance test was used for comparison of paired samples.

A 2-tailed test of significance at the P , :05 level was used to deter-

mine statistical significance. All statistical analysis was performed

with the use of the software program Intercooled Stata (StataCorp).

Results

Longitudinal study: clinical findings. The baseline charac-

teristics of all subjects enrolled in the longitudinal study are de-

scribed in tables 1 and 2. The 2 groups were rather homogeneous

with regard to demographic characteristics, HIV viremia, and

number of peripheral CD4+ cells at the baseline. The group tak-

ing PI-HAART had more episodes of OC and esophageal candi-

diasis before entering the study and had more OC episodes at

the time of enrollment than the NNRTI-HAART group, although

no statistical significance was reached in any comparison. All

subjects began HAART with 2 reverse-transcriptase inhibitors

(RTIs), including nelfinavir (12 subjects [80%]) or indinavir (3

subjects [20%]) in group 1 and nevirapine (12 subjects [80%])

or efavirenz (3 subjects [20%]) in group 2. As shown in table 2,

HAART exerted a significant reduction of viremia and increase

in peripheral CD4+ cells throughout the follow-up period, with

no statistically significant differences between the 2 therapeutic

regimens. However, the number of OC episodes did rapidly de-

cline during PI-HAART (from 7 at baseline to 3 and 1, respec-
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tively, after 14 and 30 days of therapy). Oral Candida carriage

also was progressively reduced in subjects receiving PI-HAART.

In contrast, neither OC nor fungus carriage was significantly af-

fected by 180 days of treatment with NNRTI-HAART (table 2).

Longitudinal study: immunologic findings. As shown in

figure 1, only 3 of 15 subjects initiating PI-HAART were respon-

sive to stimulation of their PBMC in vitro with Candida antigen,

and none were responsive to tetanus toxoid, whereas the

majority of subjects clearly responded to stimulation by the

mitogen (PHA). The median SI of the 3 subjects who responded

to MP-F2 was relatively low (8; range, 5–19). After 30 days of

treatment, almost all subjects were responsive to PHA, yet only

3 more subjects (with respect to the baseline) showed positive

proliferation to Candida antigen, and still none showed positive

proliferation to tetanus toxoid. After 180 days of treatment,

only 5 subjects had positive a SI to MP-F2 (2 of whom were

already positive at baseline), and only 3 subjects were respon-

sive to tetanus toxoid.

Table 1. Baseline characteristics of 30 therapy-naive human immunodeficiency virus (HIV)–infected subjects before
beginning highly active antiretroviral therapy with protease inhibitors (group 1) or nonnucleoside reverse-transcriptase inhibi-
tors (group 2).

Characteristic

Group 1

(n = 15)

Group 2

(n = 15) P OR (95% CI)

Sex, men:women 9:6 8:7 .71 1.31 (0.24–7.06)

Age, mean years ^ SD 36 ^ 7 38 ^ 8 .47 2.06 a

Stage of HIV infectionb

B 8 (53) 12 (80) — —

C 7 (47) 3 (20) .12 3.50 (0.55–24.61)

Active drug abuse 1 (6) 1 (6) 1.00 —

Time from AIDS diagnosis, mean days ^ SD 104 ^ 63 275 ^ 252 .11 170a

Relapsing oral candidiasisc 5 (33) 3 (20) .41 2.00 (0.30–14.42)

Previous esophageal candidiasis 2 (13) 1 (6) .54 0.46 (0.01–7.93)

Presence of oral candidiasis 7 (47) 3 (20) .12 3.50 (0.55–24.61)

Candida albicans oral carriage 11 (73) 8 (53) .44 2.40 (0.41–14.82)

NOTE. Data are no. (%) of subjects, except where noted. CI, confidence interval; OR, odds ratio.
a Differences between means.
b According to Centers for Disease Control and Prevention definitions [17].
c More than 3 episodes during the previous year.

Table 2. Follow-up of 30 human immunodeficiency virus (HIV)–infected subjects receiving highly active antiretroviral therapy that included
protease inhibitors (group 1) or nonnucleoside reverse-transcriptase inhibitors (group 2).

Group, characteristic Baseline

No. of days

P14 30 90 180

Group 1

CD4+ cell count, cells/mm3 ^

SD (range)

139 ^ 110

(14–341) —

175 ^ 77

(65–300)

272 ^ 60

(135–403)

286 ^ 96

(114–536) ,.001a

HIV RNA level, copies/mL ^

SD (range)

141,760 ^ 149,638

(11,800–500,000) —

38,748 ^ 46,488

(500–187,000)

9968 ^ 19,799

(,50–56,700)

1119 ^ 2120

(,50–6900) ,.001a

No. with oral candidiasis 7 3 1 1 0 ,.001b

No. with oral Candida albicans carriage 11 11 8 6 5 .005b

Group 2

CD4+ cell count, cells/mm3 ^

SD (range)

202 ^ 170

(13–530) —

252 ^ 177

(20–601)

375 ^ 235

(26–991)

456 ^ 393

(29–1492) ,.001a

HIV RNA level, copies/mL ^

SD (range)

119,963 ^ 180,973

(5300–500,000) —

61,976 ^ 102,780

(,50–350,000)

11,216 ^ 26,792

(,50–98,000)

1922 ^ 7325

(,50–28,400) .001a

No. with oral candidiasis 3 0 2 2 2 1.00b

No. with oral C. albicans carriage 8 8 11 6 4 .10b

P, group 1 vs. group 2c

CD4+ cell count .23 — .13 .11 .11

HIV RNA level .72 — .43 .88 .68

Oral candidiasis .12 .22 1.00 1.00 .48

C. albicans carriage .44 .26 .26 1.00 .69

NOTE. Odds ratio for time: baseline, 1.00; 14 days, 1.00; 30 days, 0.42; 90 days, 0.18; and 180 days, 0.18. A dash (—) indicates not done.
a Analysis of variance test for repeated measures.
bx2 for trend.
c Student’s t test.
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Among the subjects who received NNRTI-HAART, the pro-

portion of Candida-responsive subjects was substantially equiv-

alent to those of PI-HAART subjects at the baseline. However, it

clearly increased during treatment to reach positive lymphopro-

liferation to Candida antigen in the majority (9/15) of the sub-

jects after 180 days. Five subjects also responded to the tetanus

toxoid, and almost all responded to PHA. Overall, considering

only the subjects who were unresponsive to Candida at baseline,

6 subjects showed functional recovery of anticandidal response

in the NNRTI-HAART group, versus 3 in the PI-HAART group

(P, not significant).

Salivar Sap. Figure 2 shows that the subjects of the 2 thera-

peutic groups differed markedly in the effect of therapy on the

amount of salivar Sap. The percentage of Sap-positive, Candida-

positive subjects and the mean ^ SE Sap amount decreased sub-

stantially, from 100% to 55% and from 271 ^ 46 to 152 ^ 21 ng

of Sap/mL of saliva, respectively, after only 14 days of PI-

HAART administration. Along this trend, the enzyme was pres-

ent in only 3 of 8 Candida-positive subjects after 30 days, to

become undetectable in any subject after 90 and 180 days

from treatment initiation, thus providing a highly significant

(P , :01) decreasing trend. In no case was Sap found in the

saliva without C. albicans isolation (this Sap-producing Candida

species was isolated in.90% of subjects). Notably, however, the

decreased amount or the lack of Sap detection was observed even

in the presence of 6 and 5 isolations of the fungus on days 90 and

180, respectively (figure 2 and table 2). Moreover, these isolates

produced as much Sap in vitro as did the isolates from salivar

Sap–positive subjects (data not shown).

In the NNRTI-HAART group, neither the number of Sap-

positive subjects among Candida-positive subjects nor the

amount of the enzyme (despite some fluctuation; figure 2) was

seen to decrease significantly over the duration of treatment, al-

though the baseline mean value of salivar Sap was lower in this

group of subjects than it was in PI-treated ones. Two patients,

who were initially Sap-negative, converted to Sap positivity by

Figure 1. Proliferation of peripheral blood mononuclear cells of human immunodeficiency virus–positive subjects in response to Candida
antigen, tetanus toxoid, and phytohemagglutinin (PHA) during highly active antiretroviral therapy (HAART) with protease inhibitors (PIs; top) or
nonnucleoside reverse-transcriptase inhibitors (NNRTIs; bottom). Baseline is day 0 of treatment. The line over the abscissa indicates the cutoff
determination of positive response (see Subjects and Methods for further details). The lines joining symbols indicate those subjects with significant
increase in lymphoproliferation between baseline and 180 days.
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14 or 30 days of treatment. All 6 and 4 Candida-positive subjects

of this therapeutic regimen still had Sap in their oral cavities on

days 90 and 180, respectively, of observation (figure 2).

Cross-sectional study. The 2 groups (15 subjects each) did

not differ significantly regarding demographic characteristics,

time from the beginning of therapy, HIV viremia, and number

of peripheral CD4+ cells. All subjects underwent HAART with

2 RTIs, including indinavir (11 cases [73%]) or ritonavir (4 cases

[27%]) in group 3 and nevirapine in group 4. Table 3 shows the

relevant microbiological and immunologic data of both groups

of patients.

Concerning lymphoproliferation to Candida antigen, the 2

groups did not differ significantly either in the proportion of sub-

jects who responded to therapy (11 and 7 of 15 for PI-HAART

and NNRTI-HAART, respectively) or in the mean ^ SD SI

(34 ^ 38 vs. 32 ^ 34, respectively). Eleven and 8 subjects re-

ceiving PI-HAART and NNRTI-HAART were seen to harbor

Candida species in their oral cavities, respectively (again, .90%

of the isolates were C. albicans ). No subject suffered from OC.

Nonetheless, the 2 groups differed markedly in the proportion of

subjects with measurable Sap in the saliva (0 and 7 in the PI-

HAART and NNRTI-HAART groups, respectively; P , :001).

The mean ^ SD amount of salivar Sap in the NNRTI-HAART

patients was 162 ^ 104 ng/mL, which is comparable to that

found in therapy-naive subjects at the initiation of the treatment

(see above). All C. albicans isolates from either group of patients

were comparable Sap producers in vitro (data not shown).

Discussion

As for other OIs, OC of HIV-infected subjects proved to be

exquisitely sensitive to regimens that used cocktails of antiretro-

viral agents (HAART) with an HIV PI [2, 5]. It is usually as-

sumed that the efficacy of these therapeutic regimens against OI

depends on the recovery from the profound lymphopenia that is

characteristic of OI-affected subjects and is associated with a

degree of reconstitution of specific cell-mediated immunity.

This may be helped by desequestration of anergic suppressor

CD4+CD25+ T cells previously entrapped at the focus of infec-

tion [23]. However, there are anecdotal reports and circumstan-

tial observations that the decrease of OC incidence has occurred,

in several subjects, too early to be fully accounted for by the

immune reconstitution of anticandidal cell-mediated immunity

[12].

The data reported in the present article strongly suggest that

reconstitution of systemic anti-Candida T cell response, what-

ever its source and mechanisms, does not consistently—that is,

with reference to the whole group of treated patients—occur

during the first 180 days of PI-HAART. A more substantial

immune recovery of anticandidal response was observed in the

subjects in the NNRTI-HAART group, a therapeutic regimen

that, however, appears to be less efficacious than the PI-HAART

against OC and oral fungal carriage within the first period of

treatment (tables 1 and 2). The low frequency of immune recon-

stitution in our PI-treated subjects of the longitudinal study was

not due to some technical fault, as demonstrated by the more effi-

cient and extensive lymphoproliferative response to the Candida

antigen by the chronically treated patients, coupled with the sub-

stantial CD4+ cell count increase, nor was it attributable to some

nonspecific immunosuppression of our subjects, as shown by

their high responsiveness to the polyclonal stimulant and the

decrease of potentially immunoinhibitory viremia load. Notably,

it has been reported recently that HIV-positive subjects with OC

had lymphoproliferative responses to Candida antigens that

were substantially similar to those of HIV-negative subjects,

with no specific effect of HAART on those responses [24]. Fi-

nally, the antigenic preparation of C. albicans used here (MP-

F2) has been used elsewhere to rather precisely monitor the

characteristic fall in antigen recognition during the progression

of HIV infection and immunosuppression [18].

We hypothesized elsewhere that the early clinical benefit of PI

treatment against OC could be due, in part, to the PI capacity of

inhibiting production and activity of Sap, a major virulence fac-

Figure 2. Percentage of subjects with secretory aspartyl proteinases
(Sap; A) and Sap content (B), as measured by ELISA in the saliva of
human immunodeficiency virus–positive subjects. A, Percentage of
Sap-positive subjects among Candida albicans–positive subjects; B,
Sap level in the saliva of all subjects of the 2 groups. See Subjects and
Methods for further details. HAART, highly active antiretroviral ther-
apy; NNRTI, nonnucleoside reverse-transcriptase inhibitor; PI, pro-
tease inhibitor.
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tor in mucosal candidosis [12, 13]. The PI concentrations needed

to inhibit Sap in vitro fall in the range of those achievable in the

mucosal fluids of subjects who receive HAART [21–23, 25–

27]. Moreover, we have detected enzymatically active Sap in

the oral cavity of HIV-infected patients [19]. Finally, it has

been shown repeatedly that HIV-infected patients harbor strains

of C. albicans with very high potential for Sap production [19,

20, 28], a property that some authors have ascribed to Sap induc-

tion by HIV envelope proteins [29]. However, the in vivo rele-

vance of the anti-Sap activity of PI could not be assessed

previously in the absence of a suitable control. Thus, we sought

evidence of the anti-Sap effect in subjects receiving PI-HAART

and of its relationship with resolution of OC and recovery of

anticandidal cellular immunity by comparing them with subjects

receiving NNRTI-HAART instead of PI-HAART.

To this aim, we enrolled 60 HIV-positive subjects for 2 ran-

domized, comparative studies. The first study was a longitudinal

follow-up of therapy-naive subjects who were assessed at inter-

vals during a 180-day period of therapy. The second study was

cross-sectional and involved 2 groups of 15 subjects each who

had been treated with HAART combining either PIs or NNRTIs

with other RTIs of HIV replication for .1 year. The length of

chronic treatment and any other demographic characteristics

did not differ significantly between the 2 groups of subjects.

In the cross-sectional investigation, all 7 subjects in the

NNRTI-treated group from whom C. albicans was isolated

were found to have Sap in their saliva, to a level that did not sig-

nificantly differ from the Sap level in the saliva of C. albicans–

positive, therapy-naive subjects at baseline. In clear contrast, 0

of 9 subjects of the PI-treated group with positive C. albicans

isolation had any Sap detectable in the saliva. This was clearly

due to some in vivo inhibition of Sap production, because the

numbers of C. albicans (Sap producer) strains isolated from both

groups were comparable, and all isolates, whatever the source,

showed the same Sap production capacity in vitro.

The results of the present study of therapy-naive subjects who

were followed-up for 180 days not only confirmed the specific

anti-Sap effect of PI treatment (and that this effect was not due

to eradication of the fungus from the oral cavity) but also showed

that inhibition of Sap production in vivo occurred quite early

after therapy administration. In fact, of the 11 PI-treated subjects

with Sap in their saliva at the baseline, 5 had no Sap after 14 days,

and 8 had no Sap after 30 days of treatment, despite still being

colonized by Candida in their oral cavities (11 and 8 subjects,

respectively). After 90 and 180 days, no subject had salivar Sap,

although some of them still harbored C. albicans in their oral

cavities. Because all these isolates were Sap producers in vitro,

it follows that the early effect of PI was due to inhibition of Sap

production activity in vivo rather than to the elimination of the

fungus from the oral cavity or selection of non-Sap producer

strains of the fungus. In contrast, all 7 Sap-positive NNRTI-

HAART–receiving subjects at the baseline were still positive,

with baseline-comparable mean salivar Sap amount, after 30

days, and 6 and 4 of them even after 90 and 180 days, respec-

tively, of treatment. Moreover, 2 initially Sap-negative subjects

converted to Sap positivity by 30 days of treatment. Thus,

NNRTI-HAART, in clear contrast to PI-HAART, had no direct

effect on Sap production by C. albicans in the oral cavity, which

is in keeping with the absence of activity in vitro (data not

shown).

Importantly, PI-HAART and NNRTI-HAART did not differ

substantially in any other respect, particularly with respect to

Table 3. Baseline characteristics of 30 human immunodeficiency virus (HIV)–infected subjects treated for .1 year with
highly active antiretroviral therapy (HAART) with protease inhibitors (group 3) or nonnucleoside reverse-transcriptase inhibi-
tors (group 4).

Characteristic

Group 3

(n = 15)

Group 4

(n = 15) P OR (95% CI)

Sex, men:women 9:6 6:9 .27 2.25 (0.42–12.75)

Age, mean years ^ SD 40 ^ 8 40 ^ 10 .98 NC

Stage C of HIV infectiona 11 (73) 7 (47) .13 3.14 (0.54–19.59)

Time from beginning of HAART,

mean months ^ SD 16 ^ 4 15 ^ 6 .58 NC

Candida albicans oral carriage 11 (73) 8 (53) .25 2.41 (0.41–14.82)

C. albicans isolation 9 (60) 7 (47) .34 2.06 (0.37–12.09)

CD4+ cell count, mean cells/mm3 ^ SD 322 ^ 214 402 ^ 211 .31 NC

HIV RNA level, mean copies/mL ^ SD 3973 ^ 12,061 504 ^ 1362 .28 NC

Subjects with Sap 0 7 (47) .006 NC

Sap concentration, mean mg/mL ^ SD ,20b 162 ^ 104 — —

Mean SI 34 ^ 38 32 ^ 34 .92 21.71

Positive lymphoproliferative response 11 (73) 7 (47) .13 3.14 (0.54–19.59)

NOTE. Data are no. (%) of subjects, except where noted. CI, confidence interval; NC, not calculable; OR, odds ratio, Sap, secretory aspar-

tyl proteinase; SI, stimulation index.
a According to Centers for Disease Control and Prevention definitions [17].
b All subjects.
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the increase of CD4+ cell count and the viremia decrease. In par-

ticular, the subjects receiving NNRTI-HAART showed a trend

for a more substantial recovery of immune response to Candida,

compared with the the subjects receiving PI-HAART, particu-

larly notable in the longitudinal study. From these data, it ap-

pears to be quite unlikely that immune recovery, as measured at

the peripheral level, is the critical factor explaining either the

early decrease of OC episodes or the abatement of fungus viru-

lence in HIV-positive subjects who receive PI. However, longer

treatment with a more sustained specific immune reconstitution,

coupled with marked elevation of CD4+ T cells, might well con-

trol Candida disease, even in the presence of oral colonization

and Sap production, as documented here for patients taking

NNRTI-HAART in the cross-sectional investigation.

We are fully aware that the number of subjects investigated in

each of the 2 studies is relatively low—thus, caution is required

in the extension of our results to every population of subjects re-

ceiving PI-HAART. However, the cumulative evidence gained

from both the serial trend measurements in the longitudinal

study and the cross-sectional investigations rather strongly sug-

gests 2 conclusions: (1) PI-containing HAART regimens have

the distinctive advantage of inhibiting the production and ac-

tivity of a major virulence factor of C. albicans, particularly in-

volved in mucosal (oral and vaginal) candidiasis [15], and (2)

this effect may be therapeutically relevant in the early phase of

therapy, when immune reconstitution is still inconsistent. In

principle, the control of Candida virulence might also favor im-

mune system reconstitution itself by decreasing a harmful anti-

genic load [13, 30]. A similar effect of PI-HAART might well

be of relevance in other OIs caused by microorganisms with

aspartic proteinases playing a role in the mechanisms of mucosal

or systemic pathogenicity [31].
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