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Impairment of Neutrophil Antifungal Activity against Hyphae of Aspergillus 
fumigatus in Children Infected with Human Immunodeficiency Virus 

Emmanuel Roilides, Andrew Holmes, Cassann Blake, 
Philip A. Pizzo, and Thomas J. Walsh 

Infectious Diseases Section, Pediatric Branch, National Cancer Institute, 
Bethesda, Maryland 

Human immunodeficiency virus (HIV)-infected patients may acquire invasive aspergillosis 
without previously recognized risk factors, such as neutropenia or corticosteroid therapy. Be- 
cause neutrophils (PMNL) are an important component of host defense in aspergillosis, the 
antifungal activity of PMNL against hyphae of Aspergillus fumigatus in 31 HIV-infected chil- 
dren was assessed. Hyphal damage was unaffected in 15 HIV-infected children with age-adjusted 
CD4 cell counts >25% of the normal median value; it was decreased in 16 with CD4 cell counts 
<25% (both vs. 20 healthy controls, P = .001. Incubation with sera from 12 of 14 HIV-infected 
children but not with the recombinant HIV proteins gpl120, gp41, and p24 suppressed antifungal 
activity of normal PMNL compared with normal serum (P = .002). Pretreatment of defective 
PMNL from 5 patients with granulocyte colony-stimulating factor (G-CSF) partially corrected 
the defect (P = .002). These findings suggest that impaired serum-mediated antifungal activity 
against Aspergillus hyphae exists in PMNL of HIV-infected patients with low CD4 cell counts; 
G-CSF may improve this activity. 

Patients with human immunodeficiency virus (HIV) infec- 
tion have an increased susceptibility to various opportunistic 
infections. Perhaps coincident with the longer survival of pa- 
tients with advanced HIV disease due to antiretroviral ther- 

apy and prophylaxis against common opportunistic patho- 
gens such as Pneumocystis carinii [1], the emergence of other 

organisms causing opportunistic infections, including inva- 
sive aspergillosis, has been recently described at several 
centers [2-7]. As many as one-half of these patients in some 
series do not appear to have risk factors previously associated 
with aspergillosis, such as neutropenia or corticosteroid ther- 

apy [4, 5, 7, 8]. We also recently encountered aspergillosis in 
an HIV-infected child with a neutrophil count of >500/uL 
who had received no corticosteroid therapy. These clinical 
observations have suggested that other alterations in host 
defenses against Aspergillus species due to HIV infection per 
se may contribute to these infections. This hypothesis, how- 
ever, has led to some controversy regarding the pathogenesis 
of aspergillosis in HIV-infected patients [9, 10]. 

Neutrophils (PMNL) have been shown to be the most im- 

portant component of host defense against Aspergillus hy- 
phae [11, 12]. PMNL functional defects have been found in 
HIV-infected adults and children [13-18], the most consis- 
tent of which are depressed chemotactic and bactericidal ac- 

tivity against Staphylococcus aureus. Thus, we evaluated 
PMNL antifungal activity against Aspergillusfumigatus in a 
cohort of HIV-infected children. In addition, we examined 
whether factors circulating in the serum of these patients as 
well as recombinant viral proteins might be suppressing nor- 
mal PMNL function. Further, we examined whether the im- 

pairment in patients' PMNL antifungal function observed 
could be improved by the cytokine granulocyte colony-sti- 
mulating factor (G-CSF) [19, 20]. 

Subjects and Methods 

Subjects. Thirty-one HIV-infected children, ages 1.2-15.4 
years, were studied for PMNL antifungal activity. They had 
been referred to the Pediatric Branch of the National Cancer 
Institute for antiretroviral treatment. All patients met the crite- 
ria established by the Centers for Disease Control and Preven- 
tion (CDC) for the case definition of HIV infection in infants 
and children [21]. 

For the 2 weeks prior to evaluation, none of the patients had 
received any immunomodulatory agent(s); all lacked-evidence 
of a systemic infection (other than HIV) at the time of these 
studies. Patients were tested either before or during antiretro- 
viral therapy. Those who were tested before therapy had not 
received any other antiretroviral agent(s) for at least 2 weeks 
before the studies. They might, however, have received antire- 
troviral therapy before that period. 

To study PMNL function in different stages of progression of 
HIV disease, patients were stratified into two groups according 
to their age-adjusted CD4 cell counts at the time of the test. 
Age-adjusted percentages of the median absolute CD4 cell 
counts [22] were used in evaluating the patients. For this stratifi- 
cation, a cutoff value of 25% of a normal median CD4 cell count 
was chosen. 

Sera from a cohort of 14 HIV-infected children (overlapping 
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but not identical with the group of patients whose PMNL were 

tested) were collected before the initiation of antiretroviral ther- 

apy, aliquoted, and kept frozen at -700C. Pooled AB human 
serum (GIBCO Laboratories, Grand Island, NY) was also ali- 

quoted and kept frozen at -700C and was used as normal con- 
trol serum. In previous experiments, no difference was detected 
between the effects of AB normal serum and autologous normal 
serum on the PMNL antifungal activity. 

Fifteen healthy HIV-seronegative health care workers served 
as controls for the PMNL antifungal studies; 4 were tested more 
than once (up to four times during the course of these studies). A 

healthy donor was always studied in parallel in each experiment. 
In addition, 30 healthy persons donated PMNL for the G-CSF, 
serum, and recombinant HIV protein experiments. 

Organism. A clinical isolate of A. fumigatus from a patient 
with invasive aspergillosis was used for these experiments. The 
strain was preserved on frozen potato dextrose agar slants at 
-70'C. Conidia were prepared as previously described [23] by 
scraping the surface of the slants and filtering them through 
sterile gauze. Before the experiments, conidia were suspended in 

yeast nitrogen base supplemented with 2% glucose at a concen- 
tration of 105/mL, plated in each well of 24-well plates (Costar, 
Cambridge, MA), and incubated at 300C for 15 h to permit 
germination. 

PMNL separation. PMNL were prepared from heparinized 
(5-10 units/mL) venous blood of normal donors or patients by 
dextran sedimentation followed by centrifugation over ficoll 
and hypotonic lysis of the remaining erythrocytes as previously 
described [18, 24]. PMNL were then resuspended in Hanks' 
balanced salt solution (HBSS) not containing Ca2+ and Mg2+ 
and counted on a hemocytometer. The resulting cell prepara- 
tions consisted of >95% viable PMNL as assessed by trypan blue 
exclusion dye. 

Assay of PMNL-induced hyphal damage. The damage of hy- 
phae caused by PMNL was assessed by the MTT colorimetric 

assay previously described in detail [23, 25]. Briefly, the super- 
natant of the wells was aspirated from the 24-well plates with a 

19-gauge needle connected to a vacuum aspirator, leaving the 

hyphae attached at the bottom of the wells. The hyphae were 

firmly adherent to the bottom of the wells and were not de- 
tached from the plates by the repetitive washings. PMNL from 
normal controls or from HIV-infected patients were added to 
the wells at various effector-to-target cell ratios in a final volume 
of 1 mL of HBSS containing 20 mM HEPES buffer. The exis- 
tence of HEPES in the reaction wells did not interfere with the 
assessment of PMNL antifungal activity. Normal serum (10%) 
was added to wells in experiments with serum-opsonized hy- 
phae; serum was not added in experiments with nonopsonized 
hyphae. After 2 h of incubation at 370C, the supernatants were 
completely aspirated from the wells and the PMNL were lysed 
by adding 300 ML of 0.5% sodium deoxycholate. The hyphae 
were then washed three times with sterile distilled water, I mL 
of RPMI 1640 without phenol red containing 0.5% mg/mL 
MTT (Sigma, St Louis) was added to each well, and the plates 
were incubated at 370C for an additional 3 h. The wells were 
then aspirated dry, 200 ML of isopropanol was added to each 
well, and the plates were swirled gently until all of the blue 
precipitate solubilized. Isopropanol (150 ML) was transferred 

into the wells of a 96-well plate, and the optical density (OD) 
was measured on a microplate spectrophotometer (Titertek 
Multiscan; Flow Laboratories, McLean, VA) at 570 and 690 
nm. A well containing only isopropanol was used as a blank. 
Control wells containing hyphae and buffer only but not PMNL 
were included in each experiment. Antifungal activity (damage) 
was calculated using the formula: % damage of hyphae = [(OD 
of control wells - OD of test wells)/OD of control wells] X 100, 
where control wells were those containing hyphae only. Each 
condition was tested in duplicate or triplicate and the results 
were averaged. 

Serum pretreatment. The effect of factors existing in the 
serum of HIV-infected patients on the antifungal activity of nor- 
mal PMNL was also assessed. Normal PMNL at 2 X 107/mL 
were incubated with either 20% normal serum or with 20% 
serum from HIV-infected children in 1 mL of HBSS at 370C for 
60 min. PMNL were washed twice with HBSS without Ca2+ and 

Mg2+, and hyphal damage was then assessed as described above. 
For the HIV heat-inactivation experiments, sera from HIV-in- 

fected patients or normal serum (control) were or were not incu- 
bated at 560C for 40 min and then used to treat normal PMNL 
to evaluate their potential effects on PMNL antifungal activity. 

Recombinant HIV proteins. To examine the effects of differ- 
ent viral components on the antifungal activity of PMNL, three 
recombinant proteins were tested: gp 120 (American Biotechno- 

logies, Cambridge, MA), gp41, and p24 (both from Du Pont, 

Wilmington, DE). Normal PMNL at 2 X 107 PMNL/mL were 
incubated with various concentrations of the recombinant pro- 
teins or with control buffer (HBSS without Ca2+ and Mg2+) con- 
taining albumin at 370C for 60 min. After the incubation, 
PMNL were used for the antifungal assays. 

G-CSF pretreatment. To evaluate the effect of G-CSF on the 

antifungal activity of PMNL from HIV-infected patients, 2 X 

107 PMNL/mL of both control HIV-negative subjects and pa- 
tients were incubated in the presence of G-CSF (1000 units/mL) 
or control buffer (HBSS without Ca2+ and Mg2+) at 37C for 90 
min. Recombinant human G-CSF produced in Escherichia coli 

(Amgen, Thousand Oaks, CA) had a specific activity of 2 X 108 

units/mg of protein as determined by granulocyte-macrophage 
colony formation of nonadherent bone marrow cells in semiso- 
lid media. The preparation contained <0.1 ng/mg of protein 
endotoxin as tested by the limulus amebocyte lysate assay. The 
above concentration of G-CSF was chosen based on studies [26] 
that this concentration enhances the antifungal activity of nor- 
mal PMNL. After the incubation, PMNL were used for the as- 

says as described above without further washing. 
Statistics. For statistical evaluation of the differences of age- 

adjusted CD4 lymphocyte counts between the groups of HIV- 
infected patients and the differences of antifungal activity from 
the controls, Student's t test was used. Two-tailed P values are 

given for each evaluation. 

Results 

Clinical and laboratory characteristics of patients. The 
clinical and laboratory characteristics of 31 patients whose 
PMNL and 14 patients whose sera were studied are included 
in table 1. The patients whose PMNL antifungal activity was 
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Table 1. Demographic and laboratory characteristics of human immunodeficiency virus-infected 
children. 

PMNL donors with age-adjusted 
% of normal CD4 cell count 

Characteristic >25% <25% Serum donors 

Number of patients 15 16 14 
Sex (male/female) 9/6 13/3 9/5 
Acquisition (V/T/H) 10/2/3 9/1/6 8/3/3 
Median age, years 

(range) 6.0 (1.2-14.8) 7.9 (1.2-15.4) 6.3 (0.6-19) 
CD4 cell count* (range) 804 + 125 (312-1688) 98 + 28 (0-353) 237 + 75 (3-1618) 
Age-adjusted % of normal CD4 

cell count*t 56.8 + 6.4 7.9 + 2.2 15.7 + 4.7 

p24 antigen (median pg/mL)* 13 + 9 (0) 770 + 648 (49) 200 + 71 (26) 
P-1 6 2 1 
P-2 9 14 13 

Receiving/not receiving therapy* 9/6 10/6 6/8 

NOTE. PMNL, polymorphonuclear leukocyte; V/T/H, vertical/transfusion/hemophilia. 
* Mean + SE; tested during week before or after study. 
t See text for definition. 
* No therapy for at least 2 weeks. 

tested were stratified in two groups with either >25% or 
<25% age-adjusted percentages of the normal CD4 lympho- 
cyte count. There were no significant differences between 
the two groups of children with regard to age, sex, mode of 
virus acquisition, or serum concentrations of p24 antigen. 
The mean PMNL counts were within the normal range and 

comparable for the two groups. The absolute CD4 lympho- 
cyte counts and the age-adjusted percentages of normal CD4 

lymphocyte counts were, however, significantly different (P 
< .0001), reflecting the stratification of patients with more or 
less advanced HIV disease. In addition, relatively more pa- 
tients with CD4 lymphocyte counts <25% of normal had 
CDC P-2 stage of HIV disease compared with patients with 
CD4 lymphocyte counts >25% of normal (table 1). 

The 14 patients whose sera were tested for suppressive 
factor(s) had overall advanced disease, as indicated by the 
relatively low mean of age-adjusted percentages of normal 
CD4 lymphocyte counts of the group (15.7% + 4.7% of nor- 
mal for age). 

Defective antifungal activity of PMNL from HI V-infected 
children. The percentage of damage of nonopsonized A. fu- 
migatus hyphae caused by patients' PMNL was assessed and 

compared with that of normal controls (figure 1). At a low 

effector-to-target ratio (i.e., 5:2), the percentage of hyphal 
damage was not impaired in the 15 patients tested with age- 
adjusted percentages of normal CD4 lymphocyte counts 
>25% of the normal median value (mean + SE, 33.2% + 
4.9%), whereas it was significantly decreased in 16 children 
with age-adjusted percentages of normal CD4 lymphocyte 
counts <25% of normal (4.9% + 3.7%) compared with that of 
20 normal controls (32.2% + 5.7%, P = .001, figure IA). At a 
10:2 ratio, it was 51.3% + 6.7% for the patients with age-ad- 

justed percentages of normal CD4 lymphocyte counts >25% 
of normal, 21.2% + 6.8% for the patients with age-adjusted 
percentages of normal CD4 lymphocyte counts <25% of nor- 
mal, and 44.0% + 5.8% for the normal controls (between 
controls and patients with CD4 lymphocyte counts <25% of 
normal, P = .018; figure 1B). There was no significant differ- 
ence at the high effector-to-target ratio of 20:2 among the 
three groups (figure 1 C). The percentage of hyphal damage 
against opsonized hyphae was not decreased compared with 
that of normal controls and, in fact, tended to increase in 
patients with CD4 lymphocyte counts >25% of normal. 

The antifungal activity of PMNL from 18 patients who 
were receiving antiretroviral therapy did not differ from that 
of 13 patients who had not received antiretroviral therapy for 
at least 2 weeks. The patients were receiving various antire- 
troviral agents in different dosage schedules (zidovudine 
[10], dideoxyinosine [3], and a combination [5]). Because of 
the relatively small number of patients in each group and the 
variability of the antiretroviral regimens used, no attempt 
was made to correlate antifungal activity with overall clinical 
response of the patients to treatment. 

In 5 patients antifungal activity was assessed more than 
once to assure that the defect was consistent over time. In- 
deed, the patients who had defective function initially con- 
tinued to have decreased function subsequently despite some 
degree of interexperimental variation. Figure 2 illustrates the 
consistent suppression of the antifungal activity of PMNL 
from 1 representative patient tested three times over 2 
months. 

Suppressive activity of sera from HI V-infected children but 
not of recombinant HIV proteins. To investigate whether 
this functional PMNL suppression is mediated by factor(s) 
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Figure 1. Antifungal activity of po- 
lymorphonuclear leukocytes (PMNL) 
from normal control subjects (NL) 
and human immunodeficiency virus 
(HIV)-infected children with age-ad- 
justed CD4 cell counts >25% or <25% 
of normal median value. Results are 
expressed as percentage ofhyphal dam- 
age caused by PMNL to Aspergillus hy- 
phae compared with control hyphal 
growth. Horizontal bars indicate 
means; boxes indicate SE. Effector-to- 
target cell ratios of 5:2 (A), 10:2 (B), 
and 20:2 (C) were used. Differences 
between normal controls and patients 
with CD4 cell counts >25% of normal 
median value were not significant; for 
differences between normal controls 
and patients with CD4 cell counts 
<25% of normal median value, P = 
.00 1 (A), .018 (B), and .4 (C). 

circulating in the serum of HIV-infected patients, PMNL 
from normal donors were incubated with either pooled 
serum from normal donors or with serum from HIV-infected 
children and were subsequently assessed for hyphal damage. 
The results of four experiments using sera from 14 patients 
are shown in table 2A. When normal PMNL were preincu- 
bated with serum from 12 of the 14 HIV-infected patients, 
the percentage of hyphal damage was decreased compared 
with that of normal serum. The mean + SE of suppression 
caused by the 14 patients' sera was 28.8% + 7.1% compared 
with that of control serum in each experiment (difference 
from controls, P = .0016). 

To further test the hypothesis that the above serum-me- 

diated suppressive activity might be due to intact HIV or to 
HIV components, the following experiments were con- 
ducted. Sera from 3 patients and normal serum (control) 
were or were not incubated at 560C for 40 min to inactivate 
HIV and were then used to treat normal PMNL as above. 
Heat inactivation of the virus did not eliminate the suppres- 
sive effect of sera from these patients on the antifungal activ- 

ity that normal PMNL possess (table 2B). The recombinant 
HIV proteins gp 120 (large external envelope protein), gp41 
(transmembrane portion of the envelope protein), and p24 
(viral core protein) were tested in vitro for adverse effects on 
the antifungal activity of normal PMNL. When normal 
PMNL from 19 HIV-negative control donors were incubated 
with concentrations of each of the HIV proteins ranging 
from 0.001 to 10 Ctg/mL at 370C for 60 min (22 experi- 
ments), no consistent decrease of the percentage of damage 
of nonopsonized hyphae at effector-to-target ratios of 1:1, 
2:1, 5:1, and 10:1 was observed. 

Activation of PMNL with defective antifungal capacity by in 
vitro treatment with G-CSF. To test whether G-CSF could 
correct the PMNL antifungal defect of these patients in vitro, 
PMNL from HIV-infected children and normal controls 
were incubated with G-CSF (1000 units/mL) or buffer for 90 
min prior to the antifungal assays. In 5 experiments in which 

equal numbers of patients with impaired baseline antifungal 
activity were tested, G-CSF enhanced the activity of normal 
control PMNL (P = .031) and that of PMNL from the pa- 
tients against nonopsonized hyphae (P = .002; figure 3). 
After 120 min, incubation of PMNL with hyphae at an effec- 

tor-to-target ratio of 5:1, G-CSF increased the antifungal ac- 

tivity of patients' PMNL to more than threefold (from 8.6% 
+ 9.7% baseline antifungal activity to 28.6% + 9.8%) com- 

pared with --27% enhancement of normal PMNL (from 
35.8% + 7.0% baseline to 45.5% + 4.4%; figure 3). The defect 
that existed prior to G-CSF treatment was partially 
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Figure 2. Antifungal activity of polymorphonuclear leukocytes 
(PMNL) from I human immunodeficiency virus (HIV)-infected 
pediatric patient (PT) with age-adjusted CD4 cell count 10.8% of 
normal median value tested three different times compared with 
activity of PMNL from concurrently tested normal controls (NL). 
Effector-to-target cell ratio of 5:1 was used. 
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Table 2. Suppressive effect of serum from human immunodefi- 
ciency virus (HIV)-infected children on the fungicidal activity of 
normal polymorphonuclear leukocytes (PMNL) against Aspergillus 
fumigatus hyphae. 

Effector-to-target Patient % 
Experiment ratio no. suppression 

A 
1 5:2 1 20.4 

2 36.6 
2 5:1 3 -14.0 

4 30.7 
5 34.5 
6 22.9 

3 10:1 7 67.9 
8 64.6 
9 50.8 

10 26.3 
4 5:1 1 44.6 

12 20.3 
13 -15.8 
14 15.1 

Mean + SE 28.8 + 7.1* 
B 

5 5:1 11 HI- 31.5 
HI+ 12.6 

6 5:1 7 HI- 45.5 
HI+ 58.9 

8 HI- 32.5 
HI+ 36.8 

NOTE. Normal PMNL were preincubated with 20% normal serum 
(control) or 20% patients' serum for 60 min and then washed of excessive 
serum. % suppression indicates % difference of fungicidal activity after prein- 
cubation with patients' serum from that after preincubation with control 
serum in each experiment. HI, heat inactivation of HIV in sera without (-) 
or with (+) heat inactivation. To heat-inactivate HIV, sera from HIV-in- 
fected patients and normal serum (control) were incubated at 560C for 40 
min prior to incubation with normal PMNL. 

* P = .0016. 

tremely low CD4 lymphocyte counts. Furthermore, some pa- 
tients have not had the usual risk factors for invasive 

aspergillosis including neutropenia or corticosteroid therapy. 
For example, Minamoto et al. [5] reviewed the characteris- 
tics of 37 cases of invasive aspergillosis in patients with AIDS 

(2 in children with hemophilia) and found that 14 patients 
had not had any known risk factors. Similar cases with no 
known predisposing factors other than AIDS also have been 
noted by others. This observation has suggested that func- 
tional abnormalities of phagocytes or suboptimal activation 

by cytokines might increase the susceptibility of these pa- 
tients to invasive aspergillosis [5, 6, 10]. Of note, as in pa- 
tients with chronic granulomatous disease [27], aspergillosis 
in HIV-infected patients appears to be primarily pulmonary 
and is not generally disseminated, as in the case of persis- 
tently neutropenic patients with cancer [8]. 

The finding that the antifungal defect exists at the low 

effector-to-target ratios of 5:2 and 10:2 with no impairment 
observed at 20:2 may have immunopathogenetic implica- 
tions, suggesting that defective PMNL combined with a rela- 

tively low PMNL number (i.e., HIV-infected patients with 

neutrophil counts of 500-1000/hL) may not be able to re- 
strict the invasion of hyphae to the tissues. As a consequence 
of this impairment, invasive aspergillosis may occur in HIV- 
infected patients who also have relatively low PMNL counts 
but who are not profoundly neutropenic. 

The defective PMNL antifungal activity was, however, evi- 
dent only in nonopsonized hyphae. It is possible that soluble 
host serum factor(s) interfere with non-Fc receptor-me- 
diated recognition (i.e., inhibition of mannoselike binding 

corrected, and patients' PMNL reached the baseline killing 
level of normal PMNL. 

Discussion 

In this study, we demonstrated that a significant defect in 
the ability of PMNL from HIV-infected children to damage 
nonopsonized hyphae of A. fumigatus was evident when the 
patients' age-adjusted CD4 lymphocyte count was <25% of 
the normal median for age. By comparison, patients with 
CD4 lymphocyte counts >25% of normal for age had normal 

antifungal activity compared with healthy seronegative con- 
trols. This finding correlates well with the clinical experi- 
ences recently reported in regard to the increasing occur- 
rence of invasive aspergillosis among HIV-infected patients 
and the characteristics of the disease in these patients [2-7]. 

Most of the reported episodes of aspergillosis in HIV-in- 
fected persons have occurred in patients who have had ex- 
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Figure 3. In vitro granulocyte colony-stimulating factor (G- 
CSF) activation of polymorphonuclear leukocytes (PMNL) from 
human immunodeficiency virus (HIV)-infected children (PT, n = 

5) with impaired antifungal capacity compared with that of PMNL 
from normal controls (NL). Results are means of five experiments 
done at effector-to-target ratio of 5:1. PMNL were preincubated 
with G-CSF (1000 units/mL) at 370C for 90 min. For differences 
between NL/buffer and NL/G-CSF, P = .031; between PT/buffer 
and PT/G-CSF, P = .002. 
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proteins). Tissues without good opsonin supply may allow 
the escape of nonopsonized hyphae from the defective 
PMNL and lead to establishment of the disease. It is also 
notable that the defective PMNL function did not differ be- 
tween the groups of patients tested who were or were not 

receiving antiretroviral therapy (zidovudine or dideoxyino- 
sine or both). However, patients with defective PMNL func- 
tion also had low CD4 cell counts and advanced HIV infec- 
tion and might not have been capable of immunologic 
reversion and improvement secondary to antiretroviral ther- 

apy. Indeed, this study was too small and not specifically 
designed to assess the effects of antiretroviral therapy on 
PMNL function. 

In this study we used young healthy adults as controls to 

compare the antifungal activity of PMNL from children with 
HIV infection. Our finding that age-adjusted CD4 lympho- 
cyte counts >25% of the normal median value for HIV-in- 
fected children were not different from those of adult con- 
trols suggests that probably there are no age-related 
differences between asymptomatic HIV-infected children 
and adults. 

Serum factors from HIV-infected patients with low CD4 
cell counts appeared to be able to suppress the antifungal 
function of normal PMNL compared with serum from nor- 
mal donors. Possible factors that can cause the defect of 
PMNL are either virus- or host-related. Virus particles or 

components of other viruses have been found to directly im- 

pair the function of PMNL [28]. Synthetic viral envelope 
peptides and recombinant HIV envelope glycoproteins 
gp 120 and gp41 have been found to have immunosuppres- 
sive properties in some other systems [29-34]. However, we 
found that neither the presence of active HIV virus in the 
sera of the patients nor any of the recombinant HIV proteins 
gp 120, gp41, and p24 is directly associated with the suppres- 
sion of the PMNL antifungal activity against A. fumigatus 
hyphae. 

Host factors, such as lymphokines and monokines released 

by HIV-infected lymphocytes and monocytes, may be re- 

sponsible for impairing PMNL function. In this regard, trans- 

forming growth factor-O with its potent immunosuppressive 
properties [35] or other cytokines of the Th2 type of immune 

response (e.g., interleukin-4 or -10) may be such suppressive 
factors of the function of phagocytes in HIV-infected pa- 
tients [36, 37]. Alternatively, the apparent suppressive effect 
of serum from HIV-infected patients may be related to im- 
paired production of other cytokines belonging to the Th 1 
type of immune response, such as interferon-*y [38], known 
to cause up-regulation of the antifungal activity of normal or 
defective PMNL against A. fumigatus hyphae [26, 39, 40], 
and this deficiency rather than the presence of an inhibitory 
factor may contribute to the dysfunction of phagocytes. 

We also found that G-CSF [41], a cytokine frequently 
used in HIV infection, enhanced and partially corrected the 
antifungal activity of PMNL from HIV-infected children 

with low CD4 cell counts. This is consistent with our pre- 
vious finding that G-CSF enhances antifungal activity of 
PMNL from healthy donors against A. fumigatus hyphae 
[26]. Since G-CSF is being administered to an increasing 
number of HIV-infected patients because of disease- or ther- 

apy-related low PMNL counts, it may also improve the de- 
fective PMNL antifungal function of these patients. 
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