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Introduction
In Human Immunodeficiency Virus-infected (HIV+) individuals, 

oral candidiasis (OC) is considered an AIDS-defining opportunistic 
infection with up to 80% of these individuals suffering recurrent 
episodes during the course of their HIV disease progression, despite 
the introduction of HIV therapy [1-3]. Candida albicans, the etiologic 
agent is a commensal fungus commonly colonizing human mucosal 
surfaces [4]. However, under conditions of immune dysfunction, 
colonizing C. albicans can become an opportunistic pathogen causing 
recurrent mucosal and life-threatening disseminated infections with 
high mortality rates [1,5]. Although it is generally considered that 
susceptibility to OC is enhanced under reduced CD4+ T-cells, the 
status and efficiency of local host defenses appear to play a key role and 
hence the prevalence of OC may also depend on the status of secondary 
defenses [1]. Therefore, identifying the mechanisms and co-factors 
behind the enhanced susceptibility to OC in HIV+ individuals, would 
serve as a major breakthrough in our understanding of the pathogenesis 
of HIV infection and OC.

In the oral cavity, the oral mucosa serves as an important barrier to 
the myriad of microbial species present in this complex environment. 
However, saliva, a complex mix of fluids from salivary glands plays an 
important role in maintaining the balance between health and disease 
in the oral cavity [6-8]. Specifically, saliva contains a set of antimicrobial 
peptides (AMPs) produced by the host which are considered to be an 
important part of the innate immune system [9,10]. Surprisingly, the 
important role of these innate antimicrobials in the protection of the 
oral cavity from the constant exposure to microbial challenges, and 
particularly their potential as therapeutic agents is only just beginning 
to be appreciated [11,12]. Most notable among the AMPs are the 
histatins, a family consisting of small molecular-weight histidine-rich 

cationic proteins. The major proteins in the family are histatins-1, 3 
and 5 with histatin-1 (Hst-1) and histatin-3 (Hst-3) encoded by two 
genes, HTN1 and HTN3, respectively and histatin-5 (Hst-5) being 
the proteolytic product of Hst-3 [13]. Histatins are secreted by human 
parotid and submandibular-sublingual glands and reported to be 
present in saliva in healthy adults at estimated concentrations of 14–47 
μg/ml [13-16]. Histatins show killing activities against numerous oral 
bacteria however, Hst-5 is the most active candidacidal member of 
the family in killing the yeast and hyphal forms of Candida [16-18]. In 
contrast to the classical pore-forming peptides, Hst-5-induced killing 
is proposed to involve several sequential steps beginning with binding 
and translocation into the cytoplasm in a non-lytic manner where it 
targets the mitochondria leading to membrane damage and cell death 
[19-24].

In C. albicans the transition from harmless commensal to 
pathogen is finely balanced and attributable to a repertoire of virulence 
determinants and its aptitude to adapt and evade host immune defenses 
[25]. This capability was validated by our recent findings demonstrating 
C. albicans ability to degrade and deactivate Hst-5 via a secreted
proteolytic enzyme, identifying a novel immune evasion strategy for
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C. albicans that may be involved in its transition from commensal 
to pathogen [26]. Importantly, the ability of C. albicans to degrade 
Hst-5 was found to be proportional to its cell density and inversely 
proportional to Hst-5 concentration affirming that maintenance of oral 
health is highly dependent on the fine balance between pathogen and 
host innate immune factors.

Given the important role of saliva in maintaining oral health, it is 
conceivable therefore, that alterations in salivary gland secretion and/
or composition contribute to the markedly enhanced predisposition of 
HIV+ individuals to OC. Yet despite the important clinical implications, 
studies confirming these observations have been lacking, most likely 
due to the lack of feasible and sensitive methods for measuring salivary 
Hst-5 concentrations. To that end the purpose of this study was to 
accurately measure and analyze salivary Hst-5 levels within the context 
of HIV infection with the overall goal of providing new insights into 
oral innate defense mechanisms that play a role in the enhanced 
susceptibility of HIV+ individuals to OC.

Materials and Methods
Patient population and clinical samples

Thirty two adult patients diagnosed as HIV+ that were being 
evaluated for oral care at the University of Maryland HIV PLUS Program 
and a control group of 32 healthy volunteers were included in the 
study. No patient identifiers were used and IRB approval and informed 
consent were obtained. Subjects ranged in age between 22-84 years with 
93.75% males and 6.25% females in the HIV+ group and 50% males and 
50% females in the control group. Complete medical history, including 
CD4 counts were obtained for each HIV+ patient. Oral evaluation and 
sample collection were performed by an oral medical professional. All 
samples were collected at the University of Maryland Dental School 
where analysis was performed. Samples were collected between 10 
am-12 pm to minimize circadian effect, using the Salivette collection 
systems according to manufacturer directions (Sarstedt, Newton, NC). 
A standardized method of 2-minute whole saliva sample collection was 
used to measure salivary flow rate (SFR ) where subjects were asked to 
chew on a cotton tampon provided with the Salivette collection system 
for 2 minutes to stimulate saliva production. The saliva absorbed was 
recovered by centrifugation (10,000 xg for 10 min at 4°C) in the tubes 
provided. The volume of each saliva sample was measured and SFR was 
calculated as ml/minute (ml/min) [27].

Samples were immediately cultured on yeast peptone dextrose 
(YPD) agar (SDA; Difco Laboratories, Detroit, MI) and plates were 
incubated at 35°C for 24-48h. Assessment of fungal presence was based 
on colony forming unit counts (CFUs) and speciation was performed 
using standard mycological procedures including colony color on yeast 
chromogenic media, CHROMagar (BBL, Sparks, MD). Patients were 
classified as C. albicans negative, or colonized based on CFUs (cells/
ml) on primary culture with “heavily colonized” if CFU counts >1×102 

cell/ml saliva and minimally colonized” if CFUs < 1×102 cell/ml. This 
number was taken as an arbitrary cut-off point based on previous 
statistical analysis (P<0.0001) [28]. For ELISA, following clarification, 
recovered samples were analyzed or aliquoted and immediately frozen 
at -86°C until analysis. For testing of anti-candidal activity, clarified 
saliva was filter-sterilized to remove interfering commensal strains.

Peptide and antibody production

A high purity Hst-5 peptide was synthesized by the University 
of Maryland Protein Core based on the Hst-5 amino acid sequence 
(DSHAKRHHGYKRKFHEKHHSHRGY). A rabbit polyclonal 

antibody specific for Hst-5 was designed and produced (Lampire 
Biological Laboratories, Inc. Pipersville, PA). Prior to immunization, 
the peptide was covalently linked to the carrier protein KLH (keyhole 
limpet hemocyanin) using glutaraldehyde conjugation. Two rabbits 
were immunized on a schedule designed to maximize immune 
response. During immunization, test bleeds were taken at 30 and 50 
days post-immunization and ELISA performed to evaluate quality of 
immune response and optimum time to administer a pre-production 
boost and collect the antiserum. A polyclonal response was confirmed 
demonstrating direct binding of the antibody to multiple epitopes 
on Hst-5. Animals were sacrificed and the polyclonal antiserum IgG 
fraction specific for the peptide immunogen was separated from the 
total fraction and purified by affinity chromatography using a protein-G 
affinity column. ELISA titers for the anti-peptide specific IgGs were 
calculated using a saturating amount of peptide (1 µg/well) in a 96-well 
microplate format.

Development and evaluation of ELISA

The purified Hst-5 peptide was reconstituted in PBS and a standard 
curve was performed with each assay using Hst-5 at concentrations 
ranging from 0.5-500 μg/ml. Briefly the wells of high-binding 96-well 
microtiter plates (Corning incorporated, Corning, NY) were coated 
with 100 μl of each Hst-5 concentration or 1/100 dilution of saliva. 
Following overnight incubation at 4°C, wells were blocked with 5% 
dry milk in PBS and plates were incubated for 1h at room temperature. 
Anti-Hst-5 antibody (1/1000) (100 μl) was added to each well and 
plates were incubated for 1h at 37°C. Following washing steps with PBS 
with 0.1% Tween, 100 μl of an HRP-labeled goat anti-rabbit secondary 
antibody (1/5000) (Lampire) was added to each well and plates were 
incubated for 1h at 37°C. Wells were washed with PBS and 100 μl of 
ABTS Peroxidase Substrate (KPL, Inc., Gaithersburg, Md.) was added 
and plates incubated for 20 min at room temperature in the dark. The 
reaction was stopped by the addition of 50 μl of Stop Solution (Thermo 
Scientific, Waltham, MA) and optical density (OD) was measured at 
405nm using a microtiter plate reader (Dynateck Laboratories, UK). 
A standard curve was plotted with each run and the average Hst-5 
concentration for each sample was calculated in μg/ml saliva. 

For each plate, a linear standard curve was established using Hst-5 
standards. The coefficient of variation is the ratio of standard deviation 
to the mean. The value is expressed as a percentage of variance to the 
mean and therefore indicates any inconsistencies and inaccuracies in 
the results (the larger the variance, the more inconsistency and error). 
The lowest Hst-5 concentration could be measured with a coefficient of 
variation below 15%. The functional sensitivity was determined from 
the between-lot assay variation of saliva samples (n=7). The intra- and 
inter-assay variations for saliva samples were determined by repeated 
measurements of same samples. In order to maximize signal-to-noise 
ratio, a spike recovery assay was performed to determine the effect of 
the constituents of the sample on the results. A known amount of Hst-5 
was added to the saliva sample (spiked sample) in 1:1 ratio and Hst-5 
concentration was compared to that of unspiked sample. The percent 
recovery was calculated according to the following equation:

Percent recovery = [(observed Hst-5 level after spike)-(observed 
Hst-5 level before spike)/(spiked level of Hst-5) x 100]. 

To assess the precision of assay results for samples tested at different 
dilutions in each saliva sample, a linearity-of-dilution assay was 
performed where three saliva samples were serially diluted. In order to 
cover the whole range, five different dilutions were made of each sample 
and Hst-5 levels were measured along with neat (undiluted) samples. 
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Measured Hst-5 levels were corrected for dilution factors and reported 
as observed Hst-5 level. Assay recovery was evaluated by comparing 
observed vs. expected values based on neat samples. The antibody 
was raised to be specific to Hst-5 by only recognizing the modified 
sequence. In order to confirm the specificity, the antibody was tested in 
ELISA for cross-reactivity with Hst-1 and Hst-3. In addition, Western 
analysis was also performed to test the reactivity of the antibody with 
salivary proteins.

Hst-5 concentrations in HIV+ and control subjects

Purified saliva samples recovered from all subjects were processed 
for Hst-5 levels by ELISA as described above. Hst-5 concentrations were 
analyzed among subjects in terms of HIV status, CD4 counts, subjects’ 
demographics, fungal colonization and other variables.

Salivary candidacidal and neutralization assays

In order to assess the anti-candidal potency of saliva with respect to 
Hst-5 concentration, saliva from subjects from each HIV+ and control 
groups were pooled and Hst-5 concentration of the pooled samples 
was determined by ELISA measurement. For candidacidal assays, the 
standard C. albicans SC5314 strain was used [29]. Cultures were grown 
in YPD broth (Difco Laboratories) overnight at 30°C and cells were 
equilibrated in fresh media to an optical density of 1.0 at OD600. Cells 
were washed with sterile PBS (1mM) and resuspended in PBS. Saliva 
from six different subjects from each group with Hst-5 concentrations 
representing each of the categories (H, M, L) were selected and 
pooled for testing for anti-candidal potency. The arbitrary ranges of 
Hst-5 concentrations in the 3 categories were designated (based on 
preliminary observations) as: high (H) > 9 μg/ml; medium (M) 5-8 μg/
ml and low (L) < 5 μg/ml. Since no concentrations higher than 5 μg/ml 
were measured in the HIV+ group, only two pooled saliva samples were 
tested from that group representing the (M) and (L) categories. Hst-5 
purified peptide reconstituted in PBS was used as a positive control. 
A dose-dependent killing curve for Hst-5 was performed in order to 
determine the optimal concentration to be used in the killing assay. 
The final concentration of 5 µg/ml was chosen as this concentration 
consistently resulted in significant killing (~ 90%). For the candidacidal 
assay, C. albicans cells were used at final cell density of 1×104 cells/ml 
in the wells of a 96-well microtiter plate with Hst-5 to a final volume 
of 100 µl per well. Alternatively, C. albicans cells were added to each 
of the saliva samples (no Hst-5). Negative controls with cells and PBS 
alone were included and plates were incubated for 1 h at 37ºC with 
shaking. Aliquots from reactions were diluted and plated on YPD agar 
and incubated for 24-48 h at 35ºC. The number of single colonies on 
each plate was counted and percent cell killing was calculated based on 
drop in CFU counts compared to the control (PBS).

In order to demonstrate that Hst-5 is the key salivary component 
responsible for saliva’s observed anti-candidal activity, 100 µl of 
the pooled saliva from the healthy group with the highest Hst-5 
concentration was subjected to ELISA measurement to determine the 
final Hst-5 concentration. The saliva sample was then tested in the 
killing assay as described above in the presence of the anti-Hst-5 specific 
antibody (1/10). The C. albicans percent killing for the antibody-treated 
saliva was compared to that obtained for the sample not exposed to the 
antibody.

Statistical analysis

All statistical analyses were performed using the statistical package 
SigmaStat version 8.0 (Amonk, NY). Chi-square test was used for 
comparison of categorical variables and t test for the measured variables 

in the comparisons between groups. Average mean Hst-5 concentration, 
% coefficient of variance (CV) and standard deviation for each assay 
was calculated in the SigmaStat excel file. For the comparisons within 
groups either Mann-Whitney or Kruskal-Walis tests were used if there 
were two or more groups respectively. For all analyses, significant levels 
were considered at p value of <0.05.

Results
Validation of the Hst-5 antibody and ELISA

Results from the evaluation of the analytical performance of ELISA 
and validation assays are presented in Supplemental Material (Tables 
S1-S4). The specificity of the antibody to Hst-5 and cross reactivity 
with Hst-1 and Hst-3 was tested by ELISA and reactivity with salivary 
proteins by Western analysis. Although with the raw antiserum 
containing a broader background not captured on the column some 
level of cross reactivity was seen with the other histatins, the generated 
purified sequence-specific antibodies were highly specific for Hst-
5 with low level cross-reactivity seen with Hst-3 and Hst-1 (Figure 
S1). Similarly, Western analysis of saliva following electrophoretic 
separation demonstrated no reactivity with salivary proteins (data not 
shown).

Hst-5 concentrations in HIV+ and control subjects

Characteristics and results of sample analysis of the HIV+ and 
HIV- subjects are presented in Supplemental Material (Tables S5 
and S6) respectively and analysis of characteristics in Table 1. In the 
HIV+ group only 4 subjects had Hst-5 concentrations >3 μg/ml (mean 
2.45 μg/ml) whereas only 2 HIV- subjects had concentrations <3 μg/
ml (mean 6.41 μg/ml) demonstrating 62% decrease in Hst-5 levels 
in HIV+ group. In contrast, 50% of HIV+ subjects had C. albicans 
recovered compared to only 15.6% in HIV- group (Table 2). Although 
low CD4 counts (<500) correlated with fungal presence, no correlation 
was seen with Hst-5 concentration. In general, no associations could 
be made between Hst-5 concentrations and gender although the HIV+ 
group included only two females. However, in the HIV- older subjects 
exhibited the lowest Hst-5 concentrations; based on distribution into 
concentration categories, the mean age (years) in the (H) category was 

Parameters HIV+ (n=32), Mean + SD

HIV- (n=32)
Age range (22-84 y) 47.65 + 13.2

Gender (male) HIV+ (93.75%)

HIV- (50%)
CD4 cells/mm3 460.22 + 260.63
HIV therapy (%) 78.13%

C. albicans colonized HIV+ (50%)

HIV- (16%)
CFUs (cells/ml) HIV+ (16) 1.27x105

+3.3 x105

HIV- (5) 2.01x105  +

4.46 x105

Hst-5 (µg/ml) HIV+ 2.07 + 0.92, HIV-

6.47 + 3.0
SFR (ml/min) <0.02 HIV+ (50%),

>0.02 HIV+ (50%)

>0.02 HIV- (100%)

Table 1: Analysis of study population characteristics.
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38.4; the mean for the (M) category was 39.5 and for the (L) the mean 
was 55.5. Of note, the 3 lowest Hst-5 concentrations were for subjects 
72-84 years old, 2 of which had a high candidal prevalence and 3 of the 
highest 4 concentrations were for subjects 30-31 year old (Figure 1). 
In contrast, since all the subjects in the HIV+ group had very low and 
comparable concentrations, no associations could be made between 
Hst-5, age, medications or duration of HIV infection.

Salivary flow rate (SFR) was assessed in both groups in accordance 
with established guidelines (low SFR < 0.2 ml/min) [30]. Based on these 
parameters, 50% of the HIV+ had low SFR compared to only 2 HIV- 
subjects (P<0.0001). Since Hst-5 concentrations were comparably low 
in all of the HIV+ subjects, no correlation could be made between SFR 
and Hst-5 concentration. Of note however, 11 of the 16 colonized HIV+ 
subjects had SFR in the low range.

Saliva candidacidal assays

In these experiments, 6 saliva samples were pooled from 
each population group representing the different ranges of Hst-5 
concentrations (H, M, L) (no Hst-5 concentrations for HIV+ subjects 
fell within H range). Results demonstrated that the candidacidal 
ability of saliva was proportional to Hst-5 concentration regardless 
of HIV status with 0% C. albicans killing exhibited by saliva with < 
5 μg/ml indicating that a minimum of this concentration is required 
for candidacidal activity (Table 3). Consistent with values from Hst-
5 killing curve, control Hst-5 (5 μg/ml) peptide resulted in over 90% 
killing of C. albicans (Figure 2). 

Antibody neutralization

To identify Hst-5 as the key salivary anti-candidal component, saliva 
samples from 6 healthy control subjects with highest Hst-5 (8.67 μg/ml) 
were pooled. Sample was treated with the Hst-5-specific antibody and 

killing potency assessed. Results demonstrated approximately 35.5% 
C. albicans killing for the saliva sample prior to antibody exposure. 
However, following exposure to the Hst-5-specific antibody, the percent 

Status n Average Hst-5 (μg/ml) % decrease
HIV+ 16 2.65 + 1.04* 62.46

colonized HIV+ not 16 2.26 + 0.80** 68
colonized HIV- 5 3.36 + 0.85* 52.4

colonized HIV- non-colonized 27 7.02 + 2.90 N/A

Percent (%) decrease compared to the HIV- non-colonized group; * P<0.05; ** 
P<0.01
Table 2: Average Hst-5 concentration in C. albicans-colonized and non-colonized 
subjects.
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Saliva Hst-5 (μg/ml) % killing
HIV+ (M) 4.82* 18.62
HIV+ (L) 1.1 0
HIV- (H) 8.67* 35.86
HIV- (M) 5.62* 19.31
HIV- (L) 2.6 0

Experiments  were  performed  on  three  separate  occasions.  (L)  %  killing was  
compared  with  rest
of the groups. * P<0.05
Table  3: Anti-candidal  potency  of  characterized  pooled  saliva  from  the  HIV-  
and  HIV+ groups.
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killing by the saliva sample dropped to 6% indicating 30% loss of the 
saliva’s initial anti-candidal activity (Figure 3).

Discussion
In HIV+ individuals, it has been suggested that salivary gland 

function is adversely affected early in HIV disease [6]. Therefore, it 
is conceivable that HIV infection compromises the expression and/
or secretion of peptides such as Hst-5 in turn contributing to the 
enhanced prevalence of opportunistic infections and particularly OC 
[31-34]. Our recent studies had demonstrated the efficacy of Hst-5 in 
the protection of murine oral tissue against C. albicans colonization 
and tissue infection [35]. However, the contribution of Hst-5 to saliva’s 
protective function in the host was not previously investigated, likely 
due to lack of feasible methods for measuring salivary Hst-5. To that 
end, the goal of this study was to assess salivary Hst-5 in terms of HIV 
status, salivary candidacidal potency, candidal prevalence and subject 
demographics.

The reported concentration of salivary histatins in healthy 
individuals varies greatly, likely due to the method used with no 
significant differences in levels noted between whole and glandular 
saliva [19]. Consistent with these observations, a wide range of Hst-5 
concentrations was seen in our HIV- subjects, however concentrations 
in the HIV+ were across the board low, with approximately 62% 
decrease in levels compared to control population (P<0.0001) (Figure 1). 
Although HIV-associated salivary gland disease has been documented, 
there are discrepancies between studies reporting alterations in reduced 
salivary flow and composition in HIV+ individuals. Studies by Lin et 
al. [6] suggested that salivary gland function is adversely affected in 
HIV infection and based on CD4 counts, the changes occur in the 
early stages of the disease and do not appear to be compounded by 
medications. Our findings corroborated these previous observations in 
that SFR was lower in the HIV+ group and no correlation was found 
with CD4 counts. Similarly, no associations could be made between 
Hst-5 concentrations and length of HIV infection status which ranged 
from 1 to 29 years with 50% of subjects diagnosed over 15 years ago 
(Table S5).

However, our findings demonstrated an association between Hst-5 
concentration and age in the HIV- group consistent with the findings 
from a previous study by Johnson et al. [36] (Table S6; Figure 1). 
These age-related findings are of interest as oral candidal infections 
increase with age. Importantly, in the HIV+ group, the decrease in 
Hst-5 concentration was found to be concomitant with an enhanced 
prevalence of candidal colonization (Table 1). However, at the time of 
sampling only two patients had documented clinical OC and three had 
documented history of OC. Nevertheless, since all of the HIV+ subjects 
had low and relatively close Hst-5 concentrations, no clear associations 
could be made in terms of clinical disease.

Although histatins possess significant in vitro antifungal activity, 
the extent of candidacidal activity in saliva in vivo is less clear. Whole 
or glandular saliva was shown to not exhibit the expected level of 
candidacidal activity in vitro according to the calculated concentrations 
in saliva. Our findings were consistent with these earlier observations as 
in candidacidal assays, 5 µg/ml of purified Hst-5 resulted in 90% percent 
killing of C. albicans (Figure 2), whereas a comparable concentration 
in saliva as measured by ELISA resulted in approximately 20% killing. 
The concept of salivary “masking” has been proposed to account for the 
discrepancy between in vitro and in vivo activity where a study by Flora 
et al. [15] identified calcium as a potent inhibitor of Hst-5 suggesting 
that this ion might be involved in the masking effect of saliva. Therefore, 

in order to confirm lack of interference by salivary salts, we performed 
candidacidal assays using serially-diluted saliva which resulted in 
percent killing consistent with neat saliva indicating lack of interference 
(data not shown). Another important issue to consider is the potential 
cleavage of the peptide in whole saliva. However, a recent study by 
Sun et al. [37] investigating the kinetics of histatin proteolysis in saliva 
demonstrated that the antifungal activity of these proteins is sustained 
in the proteolytic environment of the oral cavity.

Further, candidacidal assays using pooled saliva with different 
Hst-5 concentrations demonstrated percent C. albicans killing to 
be proportional to concentration. This strong association between 
candidacidal effect and Hst-5 concentration was further confirmed by 
antibody neutralization assays which resulted in significant loss of anti-
candidal activity (Figure 3). It is important to note however that the 
Hst-5 antibody did not result in complete loss of activity, attributing a 
potential role for other histatins or AMPs in the process, albeit minimal.

In conclusion, recognizing the various factors and conditions that 
play a role in the progression of candidal colonization to infection in 
vulnerable populations will contribute to our understanding of the 
quandary of the enhanced propensity of the HIV+ population to OC. 
Importantly, the availability of a feasible method conducive for large 
scale measurement of Hst-5 will allow for prospective clinical studies in 
order to elucidate the nature of the salivary dysfunction in HIV disease 
and explore its impact on innate immunity and predisposition to 
opportunistic infections. These clinical studies are currently underway 
in our laboratory.
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