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Abstract

Objectives

HIV infection is characterised by persistent immune dysfunction of both the adaptive and
innate immune responses. The aim of this study was to evaluate these responses using a
novel high throughput assay in healthy controls and HIV-infected individuals prior to and fol-
lowing anti-retroviral treatment (ART).

Design

Cross-sectional study.

Methods

Whole blood was assessed using the QuantiFERON Monitor® (QFM) assay containing
adaptive and innate immunostimulants. Interferon (IFN)-y levels (IU/mL) were measured by
enzyme-linked immunosorbent assay (ELISA).

Results

We recruited HIV-infected participants (n = 20 off ART and viremic; n = 59 on suppressive
ART) and HIV-uninfected controls (n = 229). Median IFN-y production was significantly
higher in HIV-infected participants compared to controls (IFN-y 512 vs 223 1U/ml,
p<0.0001), but within the HIV-infected participants there was no difference between those
on or off ART (median IFN-y 512 vs 593 IU/ml p = 0.94). Amongst the HIV-infected partici-
pants, IFN-y production was higher in individuals with CD4 count>350 compared to <350
cells/uL (IFN-y IU/ml 561 vs 259 p = 0.02) and in males compared to females (IFN-y 542 vs
77 1U/ml p = 0.04). There were no associations between IFN-y production and age, plasma
HIV RNA, nadir CD4 count or duration of HIV infection. Using a multivariable analysis, nei-
ther CD4 nor sex were independently predictive of IFN-y production.
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Conclusion

Using a high throughput assay which assesses both adaptive and innate immune function,
we showed elevated IFN-y production in HIV-infected patients both on and off ART. Further
research is warranted to determine if changes in QuantiFERON Monitor® are associated
with clinical outcomes.

Introduction

Despite significant advances in anti-retroviral therapy (ART), people living with HIV infection
continue to have persistent immunological deficits [1]. Although HIV can be rapidly controlled
with a recovery of CD4+ T cells to normal level, immune function often does not return to nor-
mal with ongoing persistent inflammation and high levels of generalised immune activation in
both CD4 and CD8 T cells [2]. These changes are more marked in individuals with lower nadir
CD4 T-cell counts [3]. Persistent immune activation or dysfunction is also thought to contrib-
ute to long term morbidity and mortality in patients receiving ART [4,5], poor CD4+ T cell
recovery and serious non-AIDS events (SNAEs) such as accelerated atherosclerosis and
impaired bone mineral density [2,6,7].

A simple standardized assay measuring immune function could potentially be clinically
useful to monitor for individuals at high risk of SNAEs, particularly in the setting of a normal
CD4+ T-cell count. We evaluated a recently developed high throughput assay which quantifies
innate and adaptive cell-mediated immune function (QuantiFERON Monitor™, QIAGEN,
Germantown, MD, USA). This simple, rapid whole blood assay measures interferon gamma
(IEN-v) production after stimulation with anti-CD3, a CD3 T cell receptor ligand (adaptive)
and R848, a TLR7/8 ligand (innate). Recently the QFM assay was evaluated and assessed in a
cohort of liver transplant recipients [8] and is currently intended to use for detecting cell medi-
ated immune responses in the immunosuppressed solid organ transplant population.

The aim of this study was to evaluate this assay in HIV-infected and non-infected popula-
tions with the hypothesis that elevated immune activation seen in HIV infection would be
reflected in this assay of immune function and would persist on suppressive ART.

Methods
Study participants

A cross sectional study was performed in HIV-infected participants recruited from The Alfred
Hospital and the Melbourne Sexual Health Centre (MSHC), Melbourne Australia. HIV-
infected participants off treatment were either ART naive or off ART for at least 12 months
prior to enrolment. HIV-infected participants on treatment were receiving ART for at least 12
months and had two measurements of plasma HIV RNA less than 50 copies/ml in the six
months prior to enrolment. The study was approved by the Alfred Hospital Research and Eth-
ics Committee and all patients provided written informed consent. Uninfected controls were
recruited by Clinical Trials Connect P/L and did not have any specified medical conditions
nor were taking any medications. Study blood was taken at the Skin & Cancer Foundation Vic-
toria with institutional review board approval.

QuantiFERON Monitor (QFM) ®

Whole blood was assessed using the QuantiFERON Monitor™ (QFM) assay according to the
manufacturer’s instructions. One ml of whole blood was drawn into QuantiFERON blood
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collection tubes with QFM LyoSpheres containing an anti-CD3 T cell receptor ligand and
R848, a TLR7/8 ligand. QFM LyoSpheres were tested in two different concentrations: neat and
1/10 (QFM 1:10). Tubes were then incubated for 16 to 24 hours at 37°C without humidifica-
tion and the plasma was harvested after centrifugation. Plasma IFN-y (IU/mL) was measured
using an ELISA technique and results calculated using analysis software provided by the man-
ufacturer. The maximum possible response of IFN-y was 2000 IU/ml and responses greater
than this level were not determined.

Statistical analysis

The primary endpoint was IFN-y response (IU/ml) to innate and adaptive stimulants (anti
CD3 and R848) in HIV-infected relative to HIV-uninfected controls. Secondary analysis
included pairwise comparisons of IFN-y response between HIV-infected participants on and
off ART. A formal skewness/Kurtosis test for normality was performed. Univariate analysis
were performed using Wilcoxon rank sum tests for non-parametric continuous data. Propor-
tions were compared using a chi square test or Fisher’s exact test as appropriate. Multivariate
analysis was performed using a quantile median regression to investigate correlates. Candidate
predictors for inclusion into the multivariate model included significant outcomes on univari-
ate analysis and clinical factors which the literature suggests may impact test outcome. A p-
value <0.05 was considered to be statistically significant. All analyses were performed using
GraphPad Prism software (v6; San Diego, California, USA) and Stata Version 12.0 (Statacorp,
College Station, Texas, USA).

Results
Participant characteristics

Seventy-nine HIV-infected study participants (n = 20 off ART and n = 59 on ART) and 229
HIV-uninfected controls were enrolled. The median age of HIV-infected participants was sig-
nificantly older than controls (45 [IQR 34-55] vs 30 [25-44.5] years, p<0.0001). There were
also more female participants in the control group compared to the HIV-infected (57.9% vs
5.1% respectively, p<0.0001). HIV-infected participants on suppressive ART were significantly
older than HIV-infected participants off ART (47 [IQR 41-56] vs 31 [IQR 26-41] years,
p<0.001) and the participants on ART correspondingly had a longer duration of known HIV
infection (median 12.3 vs 1.4 year, p = 0.004). The median CD4+ T-cell count at the time of
study enrolment was 600 cells/ul in participants on ART compared to 518 cells/pl in partici-
pants off ART (p = 0.18). The median plasma HIV RNA of participants off ART was 25,903
copies/ml compared to <50 copies/ml in participants on ART (p<0.001) and participants on
ART had a median nadir CD4+ T-cell count of 210 cells/pl. Median duration on ART was 11.4
years.

IFN-y production in HIV infection

Using the QuantiFERON LyoSpher 1:10 (QFM 1:10) assay, IFN-y production was significantly
different in the three populations studied (median IFN-y on ART vs off ART vs HIV-unin-
tected 512 vs 593 vs 223 IU/ml respectively, p<0.0001). IFN-y production was higher in HIV-
infected participants compared to HIV-uninfected controls (median IFN-y 512 vs 223 IU/ml,
p<0.001; Fig 1).

In a multivariate model using variables of HIV status, age and sex, being HIV infected was
independently associated with a median increase of IFN- y production of 239 IU/ml (p = 0.002).
We also tested for potential interactions of age and sex within the control population but there
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Fig 1. Comparison of innate and adaptive IFN-y production ex vivo with horizontal error bars representing the median and interquartile range.
A. HIV-uninfected controls and HIV infected participants B. HIV-uninfected controls and HIV-infected participants on and off ART.

doi:10.1371/journal.pone.0166549.9001

was no evidence of this. There were no differences between HIV-infected participants on and
off ART (p = 0.94).

Clinical associations of IFN-y production in HIV-infected participants

We then asked whether there was any association between IFN-y production and any clinical
parameters in the HIV-infected participants. IFN-y production in HIV-infected participants
on ART was significantly higher in participants with a current CD4+ T-cell count >350 cells/
ul compared to a CD4+ T-cell count <350 cells/pl (median IFN-y 561 vs 259 IU/ml p = 0.02;
Fig 2). A statistically significant difference was also seen in male HIV-infected compared to
female participants (median IFN-y 542 vs 77 IU/ml p = 0.04 Fig 2), although the number of
HIV-infected female participants was small (n = 4). No gender differences were observed in
the male and female control population (median IFN-y 241 vs 218 IU/ml p = 0.26). There
were no significant associations between IFN-y responses and age (p = 0.1), plasma HIV RNA
(p = 0.56), nadir CD4+ T-cell count (p = 0.89), CD8+ T cell count (p = 0.18) or duration of
known HIV infection (p = 0.36). Using a multivariable analysis with 6 variables, neither CD4
count nor sex were independently predictive of IFN production.

Discussion

Using a high throughput novel assay assessing both adaptive and innate immunity, this study
showed marked increases in IFN-y production in HIV-infected patients compared to HIV-
uninfected controls. The IFN-y responses seen in HIV-infected participants was more than
twice that of healthy controls, suggesting marked overall increased production of IFN-y in the
setting of HIV infection both on and off ART and with high CD4+ T-cells.
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Fig 2. Innate and adaptive IFN-y production ex vivo in HIV infected participants with horizontal error bars representing the median
and interquartile range. A. CD4 count in treated participants, B. sex, C. duration of HIV infection and D. nadir CD4 count.

doi:10.1371/journal.pone.0166549.9002
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The high level of IFN-y production in HIV infected participants on or off ART was in keep-
ing with known immune dysfunction well described in HIV infection [2]. Even in a population
of HIV-infected participants with high CD4+ T-cells counts, the overall magnitude of response
remains markedly increased compared to healthy controls. However, it is unclear whether
these high IFN-y levels have deleterious or beneficial effect since in this study we did not assess
clinical outcomes. The observation of higher IFN-y levels with improved CD4+ T-cells differed
to the results of previous studies which associated persistent immune dysfunction with poor
recovery of CD4+ T-cells [2,9]. A potential explanation for this difference could be that the
current assay examined stimulated responses to both CD3 and TLR7/8, whereas most studies
of immune activation in HIV are performed using unstimulated cells, for example expression
of HLA-DR, CD38 and other markers [10]. Plasmacytoid dendritic cells (pDCs) and NK cells
may be important in TLR7 responses [11,12]. Changes in circulating (pDCs) dependent on
CD4+ T-cells have been described in HIV [13] and since TLR7 is expressed on pDCs which
are known potent producers of type I IFN, changes in pDC number and function may lead to
changes in T cell activation and IFN levels [14,15]. The mechanism for NK and pDC control of
IFN production induced by anti-CD3 is unclear but TLR7 agonists have also been shown to
reduce Treg function resulting in increased IFN-y in PBMCs [16]. Sex was also associated with
differences in IFN-y production, with female HIV infected participants showing a significantly
reduced level of IFN-y. Previous studies in HIV have also shown sex differences in the TLR7
innate pathway with increased IFN-a. levels [17,18]. Gender differences in NK cell production
of IFN-v in a healthy population have been reported [19], however this was not observed in
our study.

The only other study to evaluate the QuantiFERON Monitor™ immune function assay to
date has been in a cohort of liver transplant recipients [8]. The assay was able to distinguish
between participants with poor immune function in the early post-transplant period (median
31 days) from late post-transplant participants (median 6.2 years) as observed by a significantly
lower mean IEN-y level [8]. One of the most remarkable and significant differences between
our study population and the one performed by Sood et al, was the overall magnitude of the
IFN-vy response. Liver transplant recipients at the peak of their immunosuppressive period
recorded mean IFN-y levels of 3.8 IU/ml, compared to a median IFN-y of 297 IU/ml in HIV-
participants with CD4+ T-cells <350 cells/ pl. Samples were processed in the same laboratory
from both studies so technical differences are unlikely. As the response to both adaptive and
innate stimuli was combined in a single tube, we were unable to differentiate which stimulus
induced the high production of IFN-y observed in HIV infection. Overall these results demon-
strate that even in chronic well suppressed HIV infection, there is marked increased and per-
sistent IFN-y production in response to these specific stimuli.

There were several limitations to this study. First, this was a cross sectional study and we
were unable to confirm the exact duration of HIV infection. This may have confounded our
comparisons between HIV-infected participants on and off ART. Secondly, the QFM only
measured production of the cytokine IFN-y, and not other cytokines which are likely impor-
tant in immune activation [10,20]. Thirdly, the assay did not measure constitutive plasma and
cell IFN-y levels, but others have demonstrated IFN-y levels are low in HIV infection [21,22].

This assay provides a simple standardised measurement of cell mediated immunity which
can be performed in a basic laboratory without the need for specialised equipment; providing
unique information on innate immunity in addition to markers of adaptive immunity. The
assay however, does not simply quantify immune competence but rather also measures
immune activation which is a key component of HIV pathogenesis. The study population
and control population differed in their age and sex distribution, although in a multivariate
analysis we found no relationship between IFN- y production and either age or sex. Finally,
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longitudinal studies would be required to determine whether this assay predicts important
clinical outcomes, either alone or in combination with quantification of other inflammatory
cytokines [23].

In conclusion, this novel assay measuring IFN-y production following stimuli of the adap-
tive and innate immune response, showed a marked increase in IFN-y production in HIV-
infected participants compared to HIV-uninfected controls, regardless of whether participants
were on or off ART. Further studies are warranted to determine the cellular correlates for
these changes and if these changes in QuantiFERON-Monitor™® are associated with clinical
outcomes in HIV-infected individuals on ART.
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