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Abstract
Background—Translocation of gastrointestinal bacteria in HIV-infected individuals is
associated with systemic inflammation, HIV progression, mortality, and co-morbidities. HIV-
infected individuals are also susceptible to fungal infection and colonization, but whether fungal
translocation occurs and influences HIV progression or co-morbidities is unknown.

Methods—Serum (1→3)-β-D-glucan was measured by a Limulus Amebocyte Lysate assay
(Fungitell®) in 132 HIV-infected outpatients. Selected plasma cytokines and markers of
peripheral T-cell activation were measured. Pulmonary function testing and Doppler-
echocardiography were performed. Relationship of high (≥40pg/ml) and low (<40pg/ml) levels of
(1→3)-β-D-glucan with HIV-associated variables, inflammation markers, and pulmonary function
and pulmonary hypertension measures were determined.

Results—Forty-eight percent had detectable (1→3)-β-D-glucan, and 16.7% had high levels.
Individuals with high (1→3)-β-D-glucan were more likely to have CD4 counts below 200 cells/μl
(31.8% vs. 8.4%, p=0.002), had higher log10 HIV viral levels (2.85 vs. 2.13 log copies/ml,
p=0.004), and were less likely to use ART (68.2% vs. 90.0%, p=0.006). Plasma IL-8 (p=0.033),
TNF-α (p=0.029), and CD8+CD38+ (p=0.046) andCD8+HLA-DR+ (p=0.029) were also
increased with high levels. Abnormalities in diffusing capacity (p=0.041) and in pulmonary artery
pressures (p=0.006 for pulmonary artery systolic pressure and 0.013 for tricuspid regurgitant
velocity) were more common in those with high (1→3)-β-D-glucan.

Conclusions—We found evidence of peripheral fungal cell wall polysaccharides in an HIV-
infected cohort. We also demonstrated an association between high serum (1→3)-β-D-glucan,
HIV-associated immunosuppression, inflammation, and cardiopulmonary co-morbidity. These
results implicate a new class of pathogen in HIV-associated microbial translocation and suggest a
role in HIV progression and co-morbidities.
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INTRODUCTION
In HIV-infected individuals, microbial translocation is associated with systemic
inflammation, HIV progression, mortality, and progression of co-morbidities [1-5].
Translocation of gastrointestinal bacteria secondary to CD4+ T-lymphocyte depletion occurs
early in HIV, and bacterial products such as lipopolysaccharide (LPS) are detectable in
peripheral blood [1, 4, 5]. Although HIV-infected individuals have increased susceptibility
to fungal infections and chronic fungal colonization, whether fungal products are detectable
in the blood and relate to HIV-associated outcomes has not been investigated. Translocation
of fungal cell wall components and/or intact organisms could occur from sites such as the
skin, the oral cavity and respiratory tract, the gastrointestinal tract, and the urogenital
system. If such translocation occurs, it could act similarly to bacterial translocation in
stimulating a systemic immune response that leads to HIV progression and co-morbidities.

(1→3)-β-D-glucan (BG) is a polysaccharide found in the cell wall of fungal organisms such
as Aspergillus, Candida, and Pneumocystis. Because these cell wall polysaccharides are
shed into the circulation during infection, elevated serum BG levels can be used to diagnose
fungal pneumonia in both immunosuppressed and non-immunosuppressed populations [6-8].
Lower BG levels can also be detected in serum samples from healthy individuals,
presumably from sloughing of commensal fungus into the bloodstream [9, 10]. BG is highly
immunogenic. It activates macrophages, neutrophils, and T-cells and stimulates release of
pro-inflammatory cytokines such as interleukin (IL)-8, tumor necrosis factor (TNF)-α, and
IL-6 [6, 11, 12]. Whether BG is detectable in the serum of stable HIV-infected individuals
and is associated with immune activation is currently unknown.

Both chronic obstructive pulmonary disease (COPD) and pulmonary hypertension have been
reported to be increased in HIV-infected individuals [13-17]. We have recently
demonstrated that airway obstruction, decreased diffusing capacity for carbon monoxide
(DLco), and abnormal pulmonary artery systolic pressures as measured by Doppler-
echocardiography commonly occur simultaneously in HIV and are associated with systemic
and pulmonary inflammation, but triggers of this inflammation have not yet been identified
[18]. We hypothesized that translocation of fungal components in HIV-infected individuals
could drive these processes.

In order to assess if fungal cell wall products are detectable in serum of HIV-infected
individuals and if they are related to HIV-associated outcomes, we measured serum levels of
the fungal cell wall polysaccharide, BG and then related BG levels to measures of
immunosuppression, immune activation, and COPD and pulmonary hypertension in HIV-
infected individuals.

METHODS
Participants and data collection

Participants were 132 HIV-infected individuals recruited from the University of Pittsburgh
HIV/AIDS clinic between January 2009 and July 2011. All were 18 years of age or older
and were free from new or increasing respiratory symptoms and fevers within the past four
weeks. They were recruited from the HIV clinic using advertisements and a research
registry. Prior lung disease was not a criteria for either inclusion or exclusion. All

Morris et al. Page 2

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



participants signed informed consent, and the University of Pittsburgh IRB approved the
protocol. A description of a subset of the cohort has been published previously [13].
Participants completed a standardized interview to obtain demographic and clinical data.
Data obtained included age, gender, race/ethnicity, smoking history, alcohol and intravenous
drug use (IDU), height and weight, time HIV-infected, use of antibiotics and antiretroviral
medications, and history of previous pneumonia. Medical record review was performed to
collect hemoglobin, creatinine, and the most recent CD4+ T-lymphocyte cell count and
plasma HIV ribonucleic acid (RNA) level within three months. The lower limit of HIV RNA
detection was 50 copies/ml. Whether a participant had started therapy with combination
antiretrovirals in the past 18 months was also recorded. As albumin, innumoglobulin
therapy, or amoxicillin-clavulinic acid can falsely elevate BG levels, we recorded use of
these agents. No participants were receiving albumin or immunoglobulin therapy at the time
of their visits. Two participants had received amoxicillin-clavulinic acid within a month of
the study visit, but their BG levels were both categorized as low and they were continued in
analyses. The glomerular filtration rate (GFR) was calculated using the Modification of Diet
in Renal Disease equation [19].

(1→3)-β-D-glucan measurements
A BG-specific Limulus Amebocyte Lysate (LAL) assay for serum levels of (1→3)-β-D-
glucan was performed using the Fungitell assay protocol (Associates of Cape Cod
Incorporated, East Falmouth, MA)[9, 10]. Serum samples, in volumes of 5 μl, were repeated
in duplicate on each plate and treated with the appropriate reagents, prior to microplate
reader incubation and analysis, as per protocol. Average of duplicate samples was reported.
The lower limit of detection of the assay was 7 pg/ml. Levels were also dichotomized as
below or above 40 pg/ml based on the reported detectable levels in non-HIV-infected
healthy individuals [9, 10]. For the overall cohort, BG was tested using blood samples
obtained at the time of study visit. For the individuals who had started ART in the previous
18 months, a pre-ART sample was also analyzed that was obtained 18 months prior to the
study visit. Samples were collected without the use of cotton gauze.

Measures of peripheral inflammation and lipopolysaccharide
Plasma interleukin (IL)-6, IL-8, IL-10, tumor necrosis factor (TNF)-α, interferon (IFN)-γ,
and IFN-α were measured using Luminex (Luminex Corporation, Austin, TX). In
individuals in whom fresh peripheral blood mononuclear cells (PBMCs) were available,
PBMCs were isolated by density gradient centrifugation. Cell surface staining was
performed using fluorochrome-conjugated monoclonal antibodies including isotype
controls: fluorescein isothiocyanate (FITC) anti-CD8; phycoerythrin (PE) anti-CD38; PE-
anti-HLA-DR; phycoerythrin-cyanine 7 (PE-Cy7) anti-CD3; and allophycocyanin (APC)
CD4 (BD Pharmingen, San Diego, CA). Flow cytometry was performed on ≥10,000 live
cells after lymphocyte gating using a BD FACS Calibur (BD Biosciences, San Jose, CA)
and results analyzed using Cellquest Pro software (version 0.3.bfdb). Lipopolysaccharide
(LPS) levels were measured in plasma samples from all participants using a limulus
amebocyte assay (Cambrex) as previously described using endotoxin-free reagents and
supplies [1, 2].

Pulmonary function testing
Post-bronchodilator spirometry was performed according to ATS standards [20, 21].
Hankinson prediction equations were used to calculate post-bronchodilator forced expiratory
volume in 1 second (FEV1) and forced vital capacity (FVC) [22]. Diffusing capacity for
carbon monoxide (DLCO) percent predicted was adjusted for hemoglobin and
carboxyhemoglobin, and Neas equations were used to calculate predicted values [23].
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Sputum induction
Sputum induction was performed with nebulized 3% saline [24]. Sputum cell counts and
percentages were determined as previously described, and samples with fewer than 30%
squamous cells were considered acceptable [25]. Sputum supernatant IL-6, IL-8, IL-10,
TNF-α, IFN-γ, and IFN-α were measured by Luminex (Luminex Corporation, Austin, TX).
Pneumocystis colonization was determined in induced sputum samples by performing
nested polymerase chain reaction (PCR) at the mitochondrial large subunit rRNA locus as
previously described [26].

Doppler-echocardiography
Of the total cohort, 106 underwent echocardiography which was performed by a single
operator on the same echocardiography machine (GE-Vingmed Vivid 7, GE Vingmed
Ultrasound, Horten, Norway). Studies were read by one of three cardiologists blinded to
participant status. Standard 2D views, pulsed and continuous wave Doppler measurements
were obtained according to American Echocardiography Association recommendations [27,
28]. Peak pulmonary artery systolic pressures (PASP) and the maximum velocity of the
tricuspid regurgitant jet (TRV) were estimated as previously described [29].

Statistical analyses
Statistical analyses were performed using Stata version 10 (StataCorp, College Station,
Texas, USA). Demographic and clinical characteristics of the cohort were described.
Variables were log10-transformed, dichotomized, or the square root was calculated as
appropriate. BG levels were described as a continuous variable and dichotomized as low or
high (below or above 40 pg/ml based on the reported levels in non-HIV-infected healthy
individuals)[9, 10]. Analyses were also repeated using a BG cut-off of the 75th percentile of
the cohort and were similar. Relationship of demographic and clinical variables such as age,
gender, and race to low or high BG levels were determined using Wilcoxon ranksum and t-
tests or Fisher's exact and chi-square as appropriate.

Differences in the square root of the CD4 cell count and log10-HIV viral RNA level
according to low or high BG were determined using t-tests. Chi-square was performed to
determine relationship of BG levels to use of ART in the previous three months. In
individuals who recently started ART, the percentage with high BG pre- and post-ART were
compared using McNemar's test.

Plasma and sputum cytokine levels were compared between individuals with high and low
BG levels using t-tests or chi-square. Plasma cytokines were available for 122 participants,
and sputum cytokines and cell counts were available in 111. These samples were not
available in all participants secondary to lower blood volume initially collected (plasma) or
because they either could not produce sufficient sputum or because sputum samples
contained greater than 30% epithelial cells. In participants with flow cytometry data
available (n=32 for CD38+, n=21 for HLA-DR+ based on availability of sufficient viable
cells), Wilcoxon ranksum was used to compare percentages of T-cell subsets between those
with high or low BG levels. Plasma LPS levels were compared between participants with
high and low BG levels. Prevalence of Pneumocystis colonization defined as detection of
human Pneumocystis in induced sputum was compared between individuals with high and
low BG levels using chi-square.

In order to determine the relationship of BG levels to measures of pulmonary function and
echocardiographic measures of pulmonary hypertension, post-bronchodilator FEV1 percent
predicted, FEV1/FVC, DLco percent predicted adjusted for hemoglobin and
carboxyhemoglobin and PASP and TRV were analyzed by t-tests by high or low BG levels.
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Pulmonary and cardiac outcomes were also dichotomized according to various clinically
relevant cut-offs. Airway obstruction was defined as a post-bronchodilator FEV1/FVC
below 0.70, and an abnormal DLco was defined as less than 60% predicted [18]. The DLco
cut-off was chosen based on previous data demonstrating that this level of DLco impairment
in HIV is associated with increased respiratory symptoms, inflammation, and pulmonary
vascular abnormalities [18]. An abnormal PASP was defined as a pressure of at least 35mm
Hg and an abnormal TRV as at least 3.0 m/sec. Individuals without a measurable tricuspid
regurgitant jet and normal right ventricular function were assumed to have normal PASP and
TRV [16, 30]. Chi-square or Fisher's exact were used to determine associations of these
outcomes to BG levels, and odds ratios and 95% confidence intervals calculated. Because
this study was an exploratory analysis, adjustments for multiple comparisons were not
performed.

RESULTS
Detection of (1→3)-β-D-glucan

Serum BG was measured in 132 HIV-infected individuals. Average age of the cohort was
45.7 years, and 67.4% were male (Table 1). The median BG level was 7 pg/ml (the lower
limit of the assay) with an upper level of 532.4 pg/ml (Figure 1). Forty-eight percent had a
serum BG level above the threshold of detection, and 16.7% (n=22) had a BG level above
40 pg/ml. Individuals with high BG levels were more likely to have previously had
pneumonia, but other characteristics including history of PCP and detection of Pneumocystis
colonization were similar (Table 1).

Correlation of (1→3)-β-D-glucan with HIV-associated variables
HIV-associated variables in individuals with high BG levels differed significantly from
those with low levels (Table 2). Mean square root of the CD4 cell count tended to be lower,
and more high BG individuals had CD4 cell counts below 200 cells/μl. Log10 HIV viral
levels were also higher and percentage of those with a detectable viral level tended to be
higher in individuals with high BG as well. Current ART use was less common among those
with high BG levels. In the 13 individuals who had recently initiated ART, detectable BG
(above 7 pg/ml) was present in pre-ART samples in 87.5% compared to 60.0% in the post-
ART samples, although this comparison did not reach statistical significance (p=0.096).
Those individuals who had used Pneumocystis prophylaxis in the past three months were
more likely to have high BG levels.

Immune activation
Of the plasma cytokines tested, IL-8 and TNF-α levels were higher in those with high BG
levels (Figure 2). Those with high BG were also more likely to have high levels of IL-10
(90.0% of high BG vs. 62.4% of low BG, p=0.018). Levels of IFN-γ and IFN-α did not
differ significantly between high and low BG groups (2.64 log pg/ml vs. 2.47 log pg/ml for
low BG, p=0.544 for IFN-γ; 3.87 log pg/ml vs. 3.73 log pg/ml for low BG, p=0.630 for
IFN- α). IL-6 was also not significantly different (1.40 log pg/ml vs. 1.10 log pg/ml for low
BG, p=0.433). The percentages of CD8+ T-cells expressing HLA-DR and CD38 were
significantly higher in those with high BG levels (Figure 3). Percentages of CD4+ HLA-DR
+ (24.8% for high BG vs. 20.7% for low BG, p=0.706) and CD4+CD38+ T-cells (59.6% for
high BG vs. 41.8% for low BG, p=0.102) did not differ by BG status. LPS levels were not
significantly different between those with low and high BG levels (median LPS 16.3 pg/ml
for low vs. 14.8 for high, p=0.756).
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(1→3)-β-D-glucan and cardiopulmonary function
In analyses of pulmonary function, FEV1 percent predicted and DLco percent predicted
tended to be lower in those with high BG levels (89.6% vs. 96.9%, p=0.078 for FEV1
percent predicted; 60.4% vs. 67.0%, p=0.051 for DLco percent predicted). FEV1/FVC did
not differ by BG level (75.6% vs. 77.8%, p=0.35). A high BG level was significantly
associated with having a DLco below 60% of predicted, but not with having airway
obstruction (OR=2.65, 95% CI=1.04-6.72, p=0.041 for DLco; OR=1.59, 95%CI=0.56-4.56,
p=0.388 for airway obstruction; Figure 4). Echocardiographic measurements of pulmonary
hypertension were significantly increased in those with high BG levels (mean PASP 39.9
mmHg for high BG vs. 32.7 mmHg for low BG, p=0.0002; mean TRV=2.7 m/sec for high
BG vs. 2.4 m/sec, p=0.0005). A high BG level was also associated with a greater likelihood
of having an abnormal PASP (OR=3.84, 95% CI=1.33-11.13, p=0.013) or TRV (OR=7.32,
95% CI=1.75-30.65, p=0.006)(Figure 4).

CONCLUSIONS
This study demonstrates that fungal BG is detectable in the peripheral blood in HIV-infected
outpatients without known active fungal infection. We found evidence of the fungal cell
wall polysaccharide (1→3)-β-D-glucan in the serum of almost half of an HIV-infected
outpatient cohort. This detection could represent translocation of the entire organism from
another body site or shedding of the cell wall into the bloodstream. In addition, we
demonstrated an association between high levels of serum (1→3)-β-D-glucan and degree of
HIV-associated immunosuppression, systemic inflammation, and cardiopulmonary co-
morbidity.

The findings of the current study parallel previous findings in bacterial translocation in
several ways. For example, prior studies of bacterial translocation report detection of LPS, a
component of the gram-negative bacterial cell wall, in peripheral blood of HIV-infected
individuals without acute bacterial infection [1, 3, 31]. Here, we found a ubiquitous fungal
cell-wall component in the peripheral blood of HIV-infected individuals not known to have
active fungal infection. Higher levels of this cell-wall component were seen in those with
lower CD4 cell counts, higher HIV viral levels, and in those not receiving ART, similar to
findings in bacterial translocation [1, 4, 5]. We also saw a tendency for BG to decrease with
ART, although numbers were small. LPS levels were not associated with BG levels,
suggesting that BG is not a marker of general microbial translocation. As is the case with
bacterial translocation, however, [1, 4, 5, 32, 33], fungal translocation was associated with
immune activation, demonstrating increases in inflammatory cytokines and in T-cell
expression of CD38 and HLA-DR. The bacterial translocation seen in HIV is presumed to
occur from the gastrointestinal tract, but we do not know the origin or origins of fungal
translocation. Given that HIV-infected individuals are susceptible to oral and esophageal
candidiasis, Pneumocystis colonization of the respiratory tract, as well as other fungal
infections, fungal translocation could occur from colonizing organisms of the mucosal
surfaces of the gastrointestinal, respiratory, and genitourinary tracts or from diseased skin.
Although it might be hypothesized that Pneumocystis prophylaxis would decrease BG
levels, the association of higher BG with prophylactic antibiotics in combination with a lack
of association of BG levels with Pneumocystis colonization suggests that other fungal
species are important. Given that the prophylactic agents may also have anti-bacterial
effects, this finding could implicate fungal overgrowth in the setting of decreased bacterial
load as contributing to BG levels [34].

An important aspect of bacterial translocation is its ability to induce immune activation. BG
is highly immunogenic, stimulating macrophages, neutrophils, and T-cells and leading to
release of pro-inflammatory cytokines such as IL-8 and TNF-α [12, 35, 36]. We found that
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BG levels were associated with higher plasma IL-8, IL-10, TNF-α levels and with increases
in activated CD8+ T-cells. We did not find an association with IL-6, IFN-α, or IFN-γ as has
been reported in bacterial translocation.

Another important similarity with previous studies of bacterial translocation is the
association with co-morbidities. Although bacterial translocation has not been associated
with the specific cardiopulmonary co-morbidities studied here, it has been linked to other
co-morbid processes including progression of hepatitis C, AIDS-associated dementia, and
cardiovascular disease [3, 31]. We examined pulmonary function and pulmonary
hypertension in our cohort. COPD, particularly abnormalities in DLco, and
echocardiographic findings of pulmonary hypertension are common in HIV-infected
individuals [13-17]. In addition, COPD and pulmonary hypertension often occur
concurrently in HIV-infected individuals in association with systemic and pulmonary
inflammation [18], but triggers of this immune activation are unknown.

The mechanism by which fungal translocation might result in cardiopulmonary dysfunction
is unknown, but based on our findings, we hypothesize that chronic fungal translocation may
have detrimental effects both by stimulating systemic immune activation and by direct local
effects. For example, the dysregulated T-cells induced by peripheral BG may contribute to
lung damage when they are recruited to the lungs in response to stimuli such as smoking,
HIV, or other infections. T-cells may also stimulate pulmonary inflammation via direct
interactions with alveolar macrophages as they pass through the pulmonary circulation. It is
also possible that the fungal antigens act locally to cause end-organ damage. Alveolar
macrophages, lung epithelial, and endothelial cells have fungal receptors that respond to
circulating fungal antigens by secreting pro-inflammatory cytokines and proteases, resulting
in local damage and recruitment of additional inflammatory cells to the lung [12, 35].
Exposure to fungal beta-glucans and other fungal cell wall components stimulates
production of chitinases which have been linked to asthma and COPD in the non-HIV-
infected population, providing another potential mechanism linking fungal translocation and
pulmonary disease [37-40].

The study has several limitations. First, it is a single-site cohort study, and therefore results
may not be generalizable to other HIV-infected populations. Second, we are unable to
determine the origin of the fungal cell wall BG detected in peripheral blood. Although
Pneumocystis colonization of induced sputum did not correlate with BG, studies of
bronchoscopic samples might be more sensitive. Additional epidemiologic studies
examining specific clinical risk factors for fungal infections as well as in-depth sampling of
various body sites coupled with more specific fungal diagnostics could be informative. We
also could not entirely rule-out the presence of occult fungal infections influencing the
results, but participants were not known to have active disease, and we excluded
symptomatic individuals. Further, the majority were receiving ART and had high CD4 cell
counts, making fungal infection less likely; however, it remains possible that the BG levels
detected may be an early indicator of future fungal infection. Additional limitations are that
we did not adjust for multiple comparisons and that the analysis is cross-sectional. We do
not know the trajectory of BG detection over time or its influence on long-term outcomes,
nor can we determine causality or the nature of the relationship of BG, inflammation,
advanced HIV, and end-organ damage. We also do not have a healthy HIV-uninfected
control group for comparison. Finally, BG does not detect fungal species such as
Cryptococcus or Mucormycoses and thus may have underestimated degree of fungal
translocation.

In summary, our data support the novel theory that fungal translocation occurs in HIV-
infected individuals and relates to important outcomes such as HIV-associated
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immunosuppression, inflammation, and cardiopulmonary co-morbidity. These results
implicate a fungal species in HIV-associated microbial translocation and suggest a role in
HIV progression and development of co-morbidities. Finally, the findings suggest that novel
therapies such as anti-fungal agents or immune-modifying drugs could impact disease
outcomes in HIV infection.
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Figure 1.
Distribution of serum (1→3)-β-D-glucan in 132 HIV-infected individuals.
Abbreviations: BG, serum (1→3)-β-D-glucan
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Figure 2.
Plasma cytokines are increased in HIV-infected individuals with high (>40pg/ml) or low
(≤40 pg/ml) serum (1→3)-β-D-glucan.
Abbreviations: BG, serum (1→3)-β-D-glucan; IL, interleukin; TNF, tumor necrosis factor.
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Figure 3.
T-cell markers of immune activation are increased in HIV-infected individuals with high
(>40pg/ml) or low (≤40 pg/ml) serum (1→3)-β-D-glucan. n=71 for CD38+, n=21 for HLA-
DR+
Abbreviations: BG, serum (1→3)-β-D-glucan. Bars=median, whiskers=10-90th percentile.
P=0.046 for CD8+CD38+, p=0.049 for CD8+HLA-DR+
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Figure 4.
Prevalence of cardiopulmonary abnormalities by high (>40pg/ml) or low (≤40 pg/ml) serum
(1→3)-β-D-glucan.
Abbreviations: Airway obstruction=forced expiratory volume in one second/forced vital
capacity <0.70; abnormal DLco, diffusing capacity for carbon monoxide ≤60% predicted
adjusted for hemoglobin and carboxyhemoglobin; abnormal PASP, pulmonary artery
systolic pressure ≥35 mm Hg; abnormal TRV, tricuspid regurgitant jet velocity ≥3m/sec;
BG, serum (1→3)-β-D-glucan.
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Table 1

Characteristics of HIV-infected participants by high (>40pg/ml) or low (≤40 pg/ml) serum (1→3)-β-D-glucan.

Characteristic Overall, n=132 High BG n=22 Low BG n=110

Age, mean years (SD) 45.7 (9.5) 43.8 (9.5) 46.1 (9.6)

Male, n (%) 89 (67.4) 12 (54.6) 77 (70.0)

Race, n (%)
*

White 55 (41.7) 6 (27.3) 49 (44.5)

African-American/other 77 (58.3) 16 (72.7) 61 (55.5)

HIV risk factor, n (%)

MSM 56 (42.1) 5 (22.7) 51 (46.4)

Heterosexual 50 (37.6) 11 (50.0) 37 (33.6)

Other or unknown 26 (20.3) 6 (27.3) 22 (20.0)

Hepatitis ever, n (%) 12 (9.1) 2 (9.1) 10 (9.1)

Diabetes, n (%) 11 (8.3) 1 (4.6) 10 (9.1)

Previous pneumonia
*
, n (%)

29 (22.0) 9 (40.9) 20 (18.2)

Previous PJP, n (%) 3 (2.3) 1 (4.6) 2 (1.8)

Pneumocystis-colonized, n (% of 111) 30 (27.0) 5 (26.3) 25 (27.2)

CD4 cell count below 200 cells/μl
*
, n (%)

16 (12.1) 7 (31.8) 9 (8.2)

CD4 cell count from 200-500 cells/μl, n (%) 40 (30.3) 1 (4.5) 39 (35.5)

CD4 cell count above 500 cells/μl, n (%) 76 (57.6) 14 (63.6) 62 (56.4)

ART use >18 months, n (% of 114) 101 (88.6) 13 (86.7) 88 (88.9)

IDU in past 6 months, n (%) 1 (0.78) 0 1 (0.91)

Ever smoker, n (%) 110 (83.3) 19 (86.4) 91 (82.7)

Current smoker, n (%) 75 (56.8) 13 (59.1) 62 (56.4)

Pack-year history, median (range) 10.0 (0-75) 15.0 (0-70) 10 (0-75)

Body mass index, mean (SD) 26.8 (6.0) 26.9 (6.1) 26.6 (4.7)

Hemoglobin, mean g/dl, (SD) 13.6 (1.5) 13.0 (1.2) 13.7 (1.5)

GFR, median (range) 93 (3-143) 90 (3-143) 95 (13-140)

Abbreviations: ART, antiretroviral therapy; BG, serum (1→3)-β-D-glucan; GFR, glomerular filtration rate in ml/min per 1.73 m2; IDU,
intravenous drug use; MSM, men who have sex with men; PJP, Pneumocystis jirovecii pneumonia; SD, standard deviation.

*
p=0.04 for race; p=0.019 for previous pneumonia;p=0.001 for CD4 cell count.
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Table 2

HIV-associated variables differ significantly in individuals with high (>40pg/ml) or low (≤40 pg/ml) serum
(1→3)-β-D-glucan.

Characteristic Overall, n=132 High BG n=22 Low BG n=110 p-value

CD4 cell count, mean square root cells/μl, (SD) 23.3 (7.4) 21.4 (7.9) 23.7 (7.2) 0.185

CD4 cell count below 200 cells/μl, n (%) 16 (12.1) 7 (31.8) 9 (8.2) 0.002

Mean log10 HIV viral level, (SD) 2.24 (1.08) 2.85 (1.50) 2.13 (0.95) 0.004

Detectable HIV viral level, n (%) 39 (29.7) 10 (45.5) 29 (26.6) 0.078

Current ART use, n (%) 114 (86.4) 15 (68.2) 99 (90.0) 0.006

PJP prophylaxis in past year, n (%) 31 (23.5) 9 (40.9) 22 (20.0) 0.035

Time HIV-infected, median years (range) 14.3 (1.6-30.6) 11.8 (2.2-26.9) 14.6 (1.6-30.6) 0.456

Abbreviations: ART, antiretroviral therapy; BG, serum (1→3)-β-D-glucan; PJP; Pneumocystis jirovecii pneumonia; SD, standard deviation.
Detectable HIV viral level defined as less than 50 copies/ml.
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