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Abstract

Background: Kynurenine/Tryptophan ratio (KTR) is increased in HIV infection, and linked to immune activation. We
hypothesized that early cART initiation results in lower KTR compared to late initiation. Furthermore, we
hypothesized that KTR prior to cART is a predictor of the magnitude of subsequent reduction in immune activation.

Methods: Prospective study including 57 HIV-infected individuals (primary HIV infection (N = 14), early presenters
(>350 CD4+ T cells/μL, N = 24), late presenters (<200 CD4+ T cells/μL, N = 19)). Kynurenine and tryptophan were
analysed by liquid chromatography–tandem mass spectrometry. Total CD4+ and CD8+ T cells were determined
and proportion of activated CD38 + HLA-DR+ Tcells was measured using flow cytometry at baseline and after 6
and 12 months of cART.

Results: At baseline, primary HIV infection had higher KTR than early presenters. However, similar KTR in primary
HIV infection and early presenters was found after cART initiation, while late presenters had higher KTR at all time
points. In primary HIV infection and early presenters, KTR was positively associated with proportion of activated cells
at baseline. Furthermore, in early presenters the KTR at baseline was associated with proportion of activated cells
after 6 and 12 months. Interestingly, in primary HIV infection the KTR at baseline was positively associated with
reduction in proportion of CD8 + CD38 + HLA-DR T cells after 6 and 12 months.

Conclusions: Lower kynurenine/tryptophan ratio during follow-up was found after early initiation of cART. KTR in
primary HIV infection and early presenters was positively associated with immune activation. Importantly, KTR in
primary HIV infection predicted the magnitude of subsequent reduction in immune activation. Thus, a beneficial
effect of early cART on KTR was suggested.
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Background
Primary HIV infection is characterized by rapid deple-
tion of CD4+ T-cells, high viral load, and the establish-
ment of a chronic state of immune activation [1]. The
magnitude of these three events has been shown to be
closely related to the long term prognosis in HIV-
infected individuals [2, 3]. Thus, higher CD4+ T-cell
counts and lower levels of chronic immune activation
are associated with a better clinical outcome [4, 5].

Tryptophan is an essential amino-acid, metabolized by
the kynurenine pathway. Rate-limiting factors in this
pathway are Tryptophan 2,3-dioxygenase (TDO) and
Indoleamine 2,3-dioxygenase (IDO). TDO and IDO are
active mainly in physiological conditions and conditions
characterized by immune activation, respectively [6, 7].
Furthermore, minor amounts of IDO-like enzymes are
produced by gut bacteria [8]. This activity has been de-
scribed to be enhanced in HIV-infected individuals [8,
9].IDO catalyzes the catabolism of tryptophan to N-
formylkynyrenine, which is rapidly decomposed to
kynurenine [10, 11]. Thus, the ratio between kynurenine
and tryptophan (KTR) in plasma can be used as an in-
direct measure of IDO activity [12]. Increased KTR has
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been described in numerous conditions characterized by
low grade inflammation, such as Alzheimer’s disease,
cancer, and viral infections [13, 14]. We and other
groups have described an increased KTR in HIV infec-
tion [6, 9, 15–19]. Tryptophan catabolites, in particular
kynurenine and quinolinic acid, are associated with im-
mune activation [20, 21], and increased KTR is associ-
ated with a higher level of immune activation in
untreated HIV-infected individuals [15, 22]. Further-
more, tryptophan catabolism has been linked to CD4+
immune regulation. In particular, an inverse association
between KTR and the ratio between Th17 cells and T
regulatory cells in both primary and chronic phases of
HIV infection has been described [12, 23].
An early initiation of combination antiretroviral ther-

apy (cART) is associated with both a lower level of im-
mune activation and faster CD4+ T-cell recovery
compared to initiation of treatment in later stages of
HIV infection [24, 25]. A reduction of KTR following
cART initiation has been described by several recent
studies [6, 15, 17–19]. However, it is unclear whether
early initiation of cART results in a greater reduction or
even normalization of the KTR set point compared to
cART initiation in late presenting HIV infection.
In the present study, we hypothesized that early initi-

ation of cART during primary HIV infection or in early
presenting patients with CD4+ T cell counts above 350
cells/μL results in improved KTR set point compared to
initiation of cART in late presenters with CD4 T cell
counts below 200 cells/μL. Furthermore, we hypothe-
sized that KTR before initiation of cART is a predictor
of both CD4 T-cell recovery and the magnitude of the
subsequent reduction in immune activation. To investi-
gate this, KTR was measured before initiation of cART
and after 6 and 12 months of cART in individuals with
either primary HIV infection or chronic HIV infection.
To our knowledge, this is the first prospective study of
KTR in a cohort including both individuals with primary
and chronic HIV infection.

Methods
Study population
A total of 100 HIV-infected individuals that initiated
cART were included in a prospective cohort study [26],
and plasma samples were obtained at baseline, and at 6,
12, and 24 months after initiation of cART as previously
described [26]. Inclusion criteria were a positive HIV-1
test and initiation of cART. Decision about cART initi-
ation was made by the patient’s physician and the pa-
tient, and participation in this study did not influence
this decision. All individuals were enrolled from Depart-
ment of Infectious Diseases, Rigshospitalet, Copenhagen
University Hospital or Department of Infectious Dis-
eases, Hvidovre Hospital. In the present study, 57

treatment naïve HIV-infected individuals were included.
We included all patients from the cohort belonging to
either of the three groups: primary HIV infection
(N = 14), early presenters (>350 CD4+ T cells/μL at
baseline, N = 24), or late presenters (<200 CD4+ T cells/
μL at baseline, N = 19) and with plasma samples avail-
able both at baseline and at least at one of time points 6
and 12 months of follow-up. Only few samples were
available at 24 months of follow-up, these samples were
therefore not included in the present study. A total of 14
individuals were defined as having primary HIV infec-
tion, i.e. they had a negative HIV test less than 6 months
prior to diagnosis and/or one or more negative bands in
Western Blot. Fiebig stages for individuals with primary
HIV infection were as follows: I, N = 1; II, N = 1; III,
N = 1; IV, N = 11. Furthermore, 16 healthy individuals
were included as healthy controls. No differences in age
and sex distributions were found between the groups
(Table 1).
Written informed consent was obtained from all par-

ticipants, and the study was performed in accordance
with the ethical guidelines of the 1975 Declaration of
Helsinki and approved by the Local Ethical Committee
(H-3-2011-089) and the Danish Data Protection Agency.

Collection of blood samples and flow cytometry
Blood samples from HIV-infected individuals were col-
lected at the day of inclusion (baseline/day 0 of cART)
and after 6 and 12 months of cART. Blood samples from
healthy controls were only collected once at the time of
inclusion. The numbers of samples available at each
timepoint (baseline, 6, and 12 months after initiation of
cART) were: primary HIV infection: 14, 11, 7; early pre-
senters: 24, 22, 8; late presenters: 19, 10, 8.
Blood collected in ethylenediamine tetraacetic acid

(EDTA) tubes was used for flow cytometry as described
previously [26]. In brief, 100 μL of EDTA blood was in-
cubated with fluorescent dye–conjugated monoclonal
antibodies, erythrocytes were lysed with 2 mL of Lysing
Solution (Becton Dickinson (BD), Franklin Lakes, NJ,
USA), and the samples were washed and resuspended in
Facs flow (BD). CD3 in combination with CD8 or CD4
was used to characterize T cells, and chronic activated
CD4+ and CD8+ T cells were determined as proportion
of CD4 + CD38 + HLA-DR+ and CD8 + CD38 + HLA-
DR+ T cells, respectively. Acquisition was performed
using a FACS Canto, and data were processed using
FACS Diva software (BD). Monoclonal antibodies used
to determine lymphocyte subsets were CD3 FITC, CD4
APC-Cy7-A, CD8- PerCP-Cy5–5-A, CD38 PE-Cy7-A,
and HLA-DR APC-A and appropriate isotype controls
all purchased from BD. For each sample a minimum of
100,000 cells were acquired and gated as previously de-
scribed by our group [27] Lymphocyte subsets are given
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as the proportion (%) of the cell population concerned
(CD4+ T cells or CD8+ T cells).
Furthermore, the reduction of immune activation after

initiation of cART was determined as the difference be-
tween proportion of CD4+ or CD8+ T cells expressing
CD38 + HLA-DR+ at baseline and after 6 and 12 months
of follow-up (Δ % CD8 + CD38 + HLA-DR+ T cells = %
CD8 + CD38 + HLA-DR+ T cells at one of the follow-
up time points – % CD8 + CD38 + HLA-DR+ T cells at
baseline).

Kynurenine and tryptophan
Kynurenine and tryptophan were analysed at BEVITAL
(www.bevital.no) by liquid chromatography–tandem
mass spectrometry (LC-MS/MS) as previously described
[28], and kynurenine/tryptophan ratio (KTR) was used
as a measure of IDO-1 activation [12]. In the interest of
clarity, the ratio is multiplied by 1000 and expressed as
the KTR in this study.

Statistical analysis
Parametric or non-parametric tests were used as appro-
priate. Differences between the groups of HIV-infected
individuals were evaluated by one way ANOVA test
(Kruksal-Wallis test in case of non-parametric distribu-
tion) and if significant followed by unpaired t tests or by
Mann-Witney U tests in case of non-parametric distribu-
tion. The effect of baseline measures of KTR on immune
recovery and immune activation after initiating cART were
evaluated by Pearson’s and Spearman’s test, as appropriate.
Two-tailed P-values <0.05 were considered significant. All

statistical analyses were performed using SPSS (version 22
- IBM corp., Armonk, New York, USA).

Results
CD4+ and CD8+ T cell count and immune recovery
Clinical characteristics of the study populations are pre-
sented in Table 1.
At baseline, individuals with primary HIV infection

and early presenters had comparable CD4+ T cell
counts, while late presenters had lower CD4+ T cell
counts than the two other groups (Table 1). Further-
more, at baseline all groups of HIV-infected individuals
had lower CD4+ T cell counts than healthy controls
(Table 1). No differences in CD8+ T cell count were
found between groups. No differences in CD4+ T cell re-
covery (increase in CD4+ T cell count from baseline to a
time of follow-up) were found between any of the
groups of HIV-infected individuals at any time point. Re-
sults regarding immune recovery for the entire cohort
have been presented in previous studies [26, 29].

KTR in plasma
At baseline, KTR in individuals with primary HIV infec-
tion was higher than in early presenters and lower than in
late presenters (Table 1). However, similar KTR in individ-
uals with primary HIV infection and early presenters was
found after 6 and 12 months of cART. In contrast, late
presenters maintained higher KTR at 6 and 12 months of
cART compared to both primary HIV infection and early
presenters (Fig. 1a). Furthermore, all groups of HIV-
infected individuals (primary HIV infection, early

Table 1 Clinical characteristics of the study population

Primary HIV infection
N = 14

Early presenters
N = 24

Late presenters
N = 19

Healthy controls
N = 16

P

Gender, males/females, (% males) 13/1 (92.9) 22/2 (91.7) 18/1 (94.7) 15/1 (93.8) .948

Age, years, mean (SD) 46 (8.9) 45 (8.2) 47 (10.1) 43 (9.4) .529

CD8+ at baseline, cells/μL, mean (SD) 1238.6 (659.8) 1123.5 (547.5) 820.1 (556.0) 915.7 (409.7) .116

CD4+ at baseline, cells/μL, mean (SD) 577.8 (228.5) a,d 527.9 (111.2)c,f 72.7 (62.7)a,c,e 1144.0 (329.0)d,e,f < .001

CD4/CD8 at baseline, mean (SD) 0.6 (0.4)a,d 0.6 (0.2)c,f 0.1 (0.1)a,c,e 1.4 (0.5)d,e,f < .001

Co-infection with chronic HBV/HCV, N 0/1 1/0 0/2 0/0 NA

HIV RNA at baseline, mean (SD) 2,413,322 (4,119,479)a,b 97,328 (253,967)b,c 486,483 (524,072)a,c NA < .001

AIDS defining events, N 0 0 1 NA NA

KTratio at baseline, mean (SD) 46.8 (20.3)a,b,d 34.8 (10.6)b,c,f 74.5 (48.1)a,c,e 20.9 (3.7)d,e,f < .001

CD8 + CD38 + HLA-DR+, % cells, mean (SD) 44.7 (20.3) a,b,d 22.0 (13.4)b,c,f 25.5 (21.3)a,c,e 1.3 (0.8)d,e,f < .001

CD4 + CD38 + HLA-DR+, % cells, mean (SD) 5.5 (4.1)a,d 3.5 (3.0)c,f 15.5 (15.4)a,c,e 0.8 (0.6)d,e,f < .001

P*: comparing the four groups by using ANOVA if parametric variables or Kruksal-Wallis test if non parametric variables. If significant (<0.05) then t-test if parametric
variables or Mann-Whitney if non parametric variables were used to compare two groups. Only significant differences are marked:
aprimary HIV infection vs late presenters
bprimary HIV infection vs early presenters
clate presenters vs early presenters
dhealthy controls vs primary HIV infection
ehealthy controls vs late presenters
fhealthy controls vs early presenters
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presenters, and late presenters) had higher KTR compared
to healthy controls at all time points (Fig. 1a).

Immune activation
At baseline, individuals with primary HIV infection had
higher proportion of CD8 + CD38 + HLA-DR+ T cells
compared to early presenters and late presenters. Fur-
thermore, proportion of CD8 + CD38 + HLA-DR+ T
cells at baseline was lower in early presenters than in
late presenters (Table 1). Individuals with primary HIV
infection and early presenters had similar proportion of
CD4 + CD38 + HLA-DR+ T cells at baseline, both
groups lower than late presenters (Table 1). After 6 and
12 months of cART, individuals with primary HIV infec-
tion, early presenters, and late presenters had compar-
able proportions of CD8 + CD38 + HLA-DR+ and
CD4 + CD38 + HLA-DR+ T cells (Table 2). However, all
groups of HIV-infected individuals had higher proportions
of CD8 + CD38 + HLA-DR+ and CD4 + CD38 + HLA-
DR+ T cells than healthy controls at all time points
(Tables 1 and 2).
After 6 months of cART, a larger reduction (delta %)

in the proportion of CD8 + CD38 + HLA-DR+ T cells
was found in individuals with primary HIV infection
compared to early presenters and late presenters (Fig.
1b). In contrast, a larger reduction in the proportion of
CD4 + CD38 + HLA-DR+ T cells was found in late

presenters than in individuals with primary HIV infec-
tion and early presenters, both after 6 and 12 months of
follow-up (Fig. 1c).

KTR associated with reduction in immune activation, but
not with immune recovery
In individuals with primary HIV infection and early pre-
senters, baseline KTR was positively associated with pro-
portion of CD8 + CD38 + HLA-DR+ T cells at baseline
(ρ .867, p = 0.002 and ρ .544, p = 0.033, respectively),
and in early presenters also at 6 months (ρ .670,
p = 0.006, Table 3). Furthermore, baseline KTR in early
presenters was associated with CD4 + CD38 + HLA-DR
+ T cells at baseline (ρ .689, p = 0.003) and at 6 months
(ρ .711, p = 0.003) and at 12 months of follow-up (ρ .679,
p = 0.022) (Table 3). No significant associations between
baseline KTR and immune activation were found in late
presenters.
In individuals with primary HIV infection, KTR at base-

line was positively associated with the reduction in propor-
tion of CD8 + CD38 + HLA-DR+ T cells after 6 (ρ .833,
p = 0.010) and 12 months of cART (ρ.900, p = 0.037).
Furthermore, in individuals with primary HIV infection a
positive association was found between baseline KTR and
reduction in proportion of CD4 + CD38 + HLA-DR+ T
cells after 12 months of cART (ρ .900, p = 0.033) (Table 3).
In late presenters and early presenters, no associations
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Fig. 1 Kynurenine/Tryptophan ratio (KTR) in primary HIV infection, late presenters (LP) and early presenters (EP) (A). Reduction of proportion of
CD8 + CD38 + HLA-DR+ (B) and CD4 + CD38 + HLA-DR+(C) T cells at 6 and 12 months of follow-up. The numbers of samples available at each
timepoint (baseline, 6, and 12 months after initiation of cART) were: primary HIV infection (●): 14, 11, 7; late presenters (▲): 19, 10, 8; early
presenters (■): 24, 22, 8; healthy controls (+): 16. P*: comparing the four groups by using ANOVA if parametric variables or Kruksal-Wallis test if
non parametric variables. If significant (<0.05) then unpaired t-test if parametric variables or Mann-Whitney U test if non parametric variables were
used to compare two groups. Only significant differences are marked: a: primary HIV infection vs late presenters; b: primary HIV infection vs early
presenters; c: late presenters vs early presenters; d: healthy controls vs primary HIV infection; e: healthy controls vs late presenters; f: healthy
controls vs early presenters
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were found between baseline KTR and the reduction
in proportion of CD8 + CD38 + HLA-DR+ and
CD4 + CD38 + HLA-DR+ T cells after 6 and 12 months
of follow-up (Table 3).
Negative associations between baseline KTR and CD4/

CD8 ratio was found in early presenters at baseline, and
after 6 and 12 months of follow-up (data not shown).
No associations between KTR and CD4/CD8 ratio were
found in individuals with primary HIV infection or late
presenters at any time point.

No association was found between viral load and KTR at
baseline in primary HIV infection and early presenters. In
contrast, in late presenters viral load was positively associ-
ated with KTR at baseline (ρ .527, p = 0.033) (data not
shown). Furthermore, at baseline no associations were found
between viral load and proportion of CD8 + CD38 + HLA-
DR+ and CD4 + CD38 + HLA-DR+ T cells in primary HIV
infection, or early and late presenters.
Finally, no significant associations between KTR at

baseline and immune recovery were found in any of the

Table 3 Association between KTR before initiation of cART, immune activation and reduction in immune activation at baseline and
at 6, and 12 months of follow-up

Primary HIV infection N = 14 Early presenters N = 16 Late presenters N = 19

ρ pvalue ρ pvalue ρ pvalue

CD8 + CD38 + HLA-DR+

Baseline .867 .002 .534 .033 .311 .260

After 6 months of cART −.417 .265 .670 .006 .152 .676

After 12 months of cART −.800 .104 .451 .164 .145 .670

CD4 + CD38 + HLA-DR+

Baseline .267 .488 .689 .003 .530 .051

After 6 months of cART −.410 .273 .711 .003 .527 .117

After 12 months of cART −.872 .054 .679 .022 .045 .894

ΔCD8 + CD38 + HLA-DR+

After 6 months of cART .833 .010 .086 .771 .017 .966

After 12 months of cART .900 .037 .345 .328 −.041 .905

ΔCD4 + CD38 + HLA-DR+

After 6 months of cART .167 .693 .530 .051 .250 .516

After 12 months of cART .900 .033 .600 .067 .273 .446

P*: associations analyzed with Spearman’s test. Bold font if significant p value

Table 2 Proportion of CD8 + CD38 + HLA-DR+ and CD4+ CD38 + HLA-DR+ T cell subsets in HIV-infected individuals with either
primary HIV infection or chronic HIV infection before and after initiation of cART

Primary HIV infection
N = 14

Early presenters
N = 24

Late presenters
N = 19

Healthy Controls
N = 16

P

% Cells CD8 + CD38 + HLA-DR+

Baseline 44.7 (20.3)a,b,d 22.0 (13.4)b,c,f 25.6 (21.3)a,c,e 1.3 (0.8)d,e,f <.001

After 6 months of cART 6.4 (5.6)d 8.1 (5.5)f 6.5 (5.3)e NA <.001

After 12 months of cART 8.9 (8.1)d 4.0 (1.9)f 4.7 (2.8)e NA <.001

CD4 + CD38 + HLA-DR+

Baseline 5.5 (4.08)a,d 3.5 (3.0)c,f 15.5 (15.4)a,c,e 0.8 (0.6)d,e,f <.001

After 6 months of cART 1.6 (1.4)d 1.6 (1.3)f 3.3 (3.4)e NA <.001

After 12 months of cART 1.6 (0.7)d 1.1 (0.3) 2.4 (1.7)e NA <.001

Data are shown as mean (SD)
P*: comparing the four groups by using ANOVA if parametric variables or Kruksal-Wallis test if non parametric variables. If significant (<0.05) then t-test if parametric
variables or Mann-Whitney if non parametric variables were used to compare two groups. Only significant differences are marked:
aprimary HIV infection vs late presenters
bprimary HIV infection vs early presenters
clate presenters vs early presenters
dhealthy controls vs primary HIV infection
ehealthy controls vs late presenters
fhealthy controls vs early presenters
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groups HIV-infected individuals during the follow-up
period (data not shown).

Discussion
The present study extends the knowledge of the impact
of KTR in HIV infection by demonstrating that early ini-
tiation of cART is associated with lower KTR set point
after 6 and 12 months of cART when compared to initi-
ation of cART with CD4+ T cells counts less than 200
cells/μL. However, early initiation of cART did not result
in normalization of KTR. Interestingly, in early pre-
senters higher baseline KTR was found to be associated
with higher immune activation at both baseline and after
initiation of cART. Importantly, KTR was positively as-
sociated with a larger decrease in immune activation
after 6 and 12 months of cART in patients with primary
HIV infection.
Increased KTR has been described in HIV-infected in-

dividuals [6, 9, 16, 18, 30], and recent studies showed re-
duction in KTR after initiation of cART [6, 15–19]. It is
worth noticing that among the previously conducted
studies only Jenabian et al. included patients with early
HIV infection (estimated time from infection <180 days)
[15]. To our knowledge, our prospective study is the first
to compare the effect of cART on KTR in HIV-infected
patients with primary and chronic infection. At baseline,
a lower KTR was found in individuals with primary HIV
infection compared to late presenters, while primary
HIV infection had higher KTR compared to early pre-
senters. Interestingly, after 6 and 12 months of cART
primary HIV infection and early presenters had compar-
able KTR set points, while late presenters had higher
KTR set point than the two other groups. Importantly,
all groups of HIV-infected individuals consistently had
higher KTR than healthy controls during the entire
study period. Several studies have described reduction in
KTR after initiation of cART, without reaching the level
found in healthy controls [17–19]. One study even found
normalization of KTR after initiation of cART [15], but
this finding has not been confirmed. Our data support
and extend previous findings by demonstrating that early
initiation of cART either during primary HIV infection
or in early presenters has a beneficial effect on KTR set
point compared to initiation of cART in late presenters.
Immune activation and chronic inflammation have

been described as independent predictors of disease pro-
gression in HIV-infected individuals [31, 32]. Further-
more, immune activation and inflammation may be
drivers of non-AIDS comorbidity and mortality in HIV-
infected individuals [33]. Immune activation in HIV-
infected individuals is commonly assessed by co-
expression of activation markers CD38 and HLA-DR on
T-cells [34, 35]. The proportion of CD4+ and CD8+ T
cells co-expressing CD38+ and HLA-DR+ has been

described to correlate with morbidity and mortality in
HIV infected individuals [33, 36], and was therefore used
to determine immune activation in this study. The asso-
ciation between KTR and immune activation in HIV in-
fection has been described previously [15, 17, 22]. Thus,
positive associations between KTR and neopterin [17]
and between KTR and reduction in CD4/CD8 ratio [22]
in chronic HIV-infected individuals have been reported.
Furthermore, positive associations between KTR and
CD8 + CD38 + HLA-DR+ T cells in untreated early
HIV-infected patients have been described [15]. In order
to more closely examine the relationship between
immune activation and KTR in HIV-infected individuals,
we investigated associations between KTR and
CD8 + CD38 + HLA-DR+ and CD4 + CD38 + HLA-DR
+ T cells. As expected, evidence of immune activation
was found in all groups of HIV-infected individuals
with the highest proportion of immune activated cells
in individuals with primary HIV infection prior to ini-
tiation of cART. A strong positive association be-
tween KTR and proportion of CD8 + CD38 + HLA-
DR+ T cells was found at baseline in both individuals
with primary HIV infection and early presenters, in
accordance with previous studies [15]. Interestingly,
positive associations between baseline KTR and im-
mune activation after 6 and 12 months of cART were
found in early presenters.
Importantly, in individuals with primary HIV infection

higher KTR at baseline was associated with greater re-
duction in proportion of CD8 + CD38 + HLA-DR+ T
cells, both at 6 and 12 months of follow-up. Thus, a dif-
ferential effect of KTR on immune activation was found
in individuals with primary HIV infection, early pre-
senters, and late presenters. During primary HIV infec-
tion interferon-γ (IFN- γ) levels steadily increase, with a
peak approximately 3 weeks after the infection [37]. This
may be associated with a beneficial immune response,
which may help to control viral replication and to obtain
a lower viral load set-point, and thus the level of im-
mune activation during the chronic phases of the infec-
tion. IDO activity is highly enhanced by IFN- γ during
inflammation [38]. We speculated that higher KTR dur-
ing primary HIV infection is related to high IFN- γ ac-
tivity, and may be linked to an initially beneficial host
immune response, which may lead to a lower viral load
and lower chronic immune activation in the chronic
phases of infection. This beneficial association between
KTR and immune activation may be lost with the estab-
lishment of an unregulated and deleterious chronic in-
flammation and immune activation during the chronic
phases of HIV-infection, where IFN- γ levels decline to a
steady state comparable to healthy controls [39]. Further
studies in patients with primary HIV infection are war-
ranted to elucidate this mechanism.
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Little is known about the role of KTR as a predictor of
immune recovery following cART. Data are scarce and
contrasting. Thus, Byakwaga and colleagues described
KTR before cART as a predictor of immune recovery
[6], while Chen proposed opposite results [18]. Both
these studies included only patients with chronic HIV
infection. In our study, no correlation between baseline
KTR and immune recovery was found in either primary
or chronic HIV infection.
The main limitation in the present study is the num-

ber of individuals included and especially the low num-
ber of samples available at the follow-up. This may
result in type II errors. Moreover, the cohort presented
in the present study was not serocoincident. Therefore,
comparing KTR among all the groups at the time of pri-
mary HIV infection was not possible. Thus, higher KTR
in primary HIV infection compared to early presenters
may be due to the fact that individuals who initiated
cART during acute HIV sought prompt medical care be-
cause of more severe symptoms and, consequently, more
immune activation. Furthermore, the study is descrip-
tive, and conclusions on causality cannot be drawn. The
small sample size prevented us from performing other
statistical analysis, than descriptive analyses of the data.
Finally, several comparisons were made without adjust-
ing for multiple comparisons increasing the risk of type
I errors. Thus, results should be interpreted taking the a
priori hypothesis into account.

Conclusions
In conclusion, initiation of cART during either pri-
mary or early HIV infection had a beneficial effect on
KTR set point at follow-up compared to initiation of
treatment in late presenting HIV infection. However,
even in individuals with primary or early HIV infec-
tion KTR was only partly normalized. Interestingly,
baseline KTR in treatment naïve patients presenting
for care with primary or early HIV infection was
positively associated with immune activation. Further-
more, individuals who initiated cART during primary
HIV infection showed the largest reduction in im-
mune activation, and decrease in immune activation
was positively associated with baseline KTR. These
findings suggest the importance of early cART in
order to reduce KTR. Finally, an important role for
KTR in immune activation is suggested.

Abbreviations
cART: combined antiretroviral treatment; EP: Early presenters; IDO: Indoleamine
2,3-dioxygenase; KTR: Kynurenine tryptophan ratio; LP: Late presenters;
PHI: Primary HIV infection

Acknowledgements
We gratefully acknowledge the participants who made this study possible.

Funding
This work was supported by University of Copenhagen, Rigshospitalets
Forskningspuljer, Novo Nordisk Foundation, Augustinus Foundation and Aase
& Ejnar Danielsens Fond.

Availability of data and materials
All raw data are available by request to corresponding author.

Authors’ contributions
MG, HJ and SDN conceived of and designed the study. MG and HJ collected
data from participating individuals. MG conducted statistical analyses. MG
compiled the first draft of the study manuscript and all authors contributed
to subsequent revisions. All authors read and approved the final manuscript.

Competing interests
SDN: Unrestricted research grants from Novo Nordisk Foundation, Lundbeck
Foundation, Augustinus Foundation, Rigshospitalet Research Council.
Travelling grants from Gilead, MSD, BMS, and GSK/ViiV. Advisory board
activity for Gilead and GSK/ViiV. Member of the editorial board (Associate
Editor) for BMC Infectious Diseases.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Written informed consent was obtained from all participants, and the study
was performed in accordance with the ethical guidelines of the 1975
Declaration of Helsinki and approved by the Local Ethical Committee (De
Videnskabsetiske Komiteer for Region Hovedstaden - The Committee on
Health Research Ethics for the Capital Region of Denmark) (Reference
number: H-3-2011-089) and the Danish Data Protection Agency.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Viro-Immunology Research Unit, Department of Infectious Diseases,
University Hospital of Copenhagen, Rigshospitalet, Blegdamsvej 9,
Copenhagen, Denmark. 2Section for pharmacology, Department of Clinical
Science, University of Bergen, Bergen, Norway. 3Department of Clinical
Immunology, University Hospital of Copenhagen, Rigshospitalet, Blegdamsvej
9, Copenhagen, Denmark. 4Section of Clinical Immunology and Infectious
Diseases, University Hospital Rikshospitalet, Kirkeveien 166, Oslo, Norway.

Received: 23 February 2017 Accepted: 9 May 2017

References
1. Cohen MSMMS, Shaw GGM, Mcmichael AJ, Haynes BF, et al. Acute HIV-1

Infection. N Engl J Med. 2011;364:1943–54. Available from: http://www.nejm.
org/doi/full/10.1056/NEJMra1011874

2. Mutimura E, Addison D, Anastos K, Hoover D, Dusingize JC, Karenzie B, et al.
Trends in and correlates of CD4+ cell count at antiretroviral therapy
initiation after changes in national ART guidelines in Rwanda. AIDS. 2015;29:
67–76. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25396264

3. Ipp H, Zemlin AE, Erasmus RT, Glashoff RH, Ipp H, Zemlin AE, et al. Critical
Reviews in Clinical Laboratory Sciences Role of inflammation in HIV-1
disease progression and prognosis. 2014;51(2):98–111.

4. May MT, Gompels M, Delpech V, Porter K, Orkin C, Kegg S, et al. Impact on
life expectancy of HIV-1 positive individuals of CD4+ cell count and viral
load response to antiretroviral therapy. AIDS. 2014;28:1193–202. Available
from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
4004637&tool=pmcentrez&rendertype=abstract

5. Opportunistic Infections Project Team of the Collaboration of, Observational
HIV Epidemiological Research in Europe (COHERE) in EuroCoord. CD4 cell
count and the risk of AIDS or death in HIV-Infected adults on combination
antiretroviral therapy with a suppressed viral load: a longitudinal cohort
study from COHERE. PLoS Med. 2012;9.

Gelpi et al. BMC Infectious Diseases  (2017) 17:349 Page 7 of 8

http://www.nejm.org/doi/full/10.1056/NEJMra1011874
http://www.nejm.org/doi/full/10.1056/NEJMra1011874
http://www.ncbi.nlm.nih.gov/pubmed/25396264
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4004637&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4004637&tool=pmcentrez&rendertype=abstract


6. Byakwaga H, Ii YB, Huang Y, Muzoora C, Kembabazi A, Weiser SD, et al. The
Kynurenine Pathway of Tryptophan Mortality Among HIV-Infected
Ugandans Initiating Antiretroviral Therapy. J Infect Dis. 2014;210:383–91.

7. Meng B, Wu D, Gu J, Ouyang S, Ding W, Liu Z-J. Structural and functional
analyses of human tryptophan 2,3-dioxygenase. Proteins. 2014;82:3210–6.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/25066423

8. Vujkovic-Cvijin I, Dunham RM, Iwai S, Maher MC, Albright RG, Broadhurst MJ,
et al. Dysbiosis of the gut microbiota is associated with HIV disease
progression and tryptophan catabolism. Sci Transl Med. 2013;5:193ra91.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23843452

9. Gaardbo JC, Trøseid M, Stiksrud B, Midttun Ø, Ueland PM, Ullum H, et al.
Increased Tryptophan Catabolism is Associated with Increased Frequency of
CD161+Tc17/MAIT Cells, and Lower CD4+ T cell Count in HIV-1 infected
Patients on cART after Two Years of Follow-up. J. Acquir. Immune Defic
Syndr. 2015;70:228–35. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/26470032%5Cn, http://www.ncbi.nlm.nih.gov/pubmed/26181815

10. Murakami Y, Hoshi M, Imamura Y, Arioka Y, Yamamoto Y, Saito K, et al.
Mediat Inflamm. 2013;2013:391984. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/23476103

11. Moffett JR, Namboodiri MA. Tryptophan and the immune response.
Immunol Cell Biol. 2003;81:247–65. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/12848846

12. Favre D, Mold J, Hunt PW, Kanwar B, Loke P, Barbour JD, et al. Tryptophan
Catabolism by Indoleamine 2,3-Dioxygenase 1 Alters the Balance of TH 17
to Regulatory T Cells in HIV Disease. Sci Transl Med. 2010;2:32ra36.

13. Yamada A, Akimoto H, Kagawa S, Guillemin GJ, Takikawa O.
Proinflammatory cytokine interferon-?? increases induction of indoleamine
2,3-dioxygenase in monocytic cells primed with amyloid ?? peptide 1-42:
Implications for the pathogenesis of Alzheimer’s disease. J Neurochem.
2009;110:791–800.

14. Munn DH, Mellor AL. Indoleamine 2,3 dioxygenase and metabolic control of
immune responses. Trends Immunol. 2013;34:137–43. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/3594632

15. Jenabian MA, El-Far M, Vyboh K, Kema I, Costiniuk CT, Thomas R, et al.
Immunosuppressive Tryptophan Catabolism and Gut Mucosal Dysfunction
Following Early HIV Infection. J Infect Dis. 2015;212:355–66. Available from:
http://jid.oxfordjournals.org/lookup/doi/10.1093/infdis/jiv037

16. Huengsberg M, Winer JB, Gompels M, Round R, Ross J, Shahmanesh M.
Serum kynurenine-to-tryptophan ratio increases with progressive disease in
HIV-infected patients. Clin Chem. 1998;44:858–62. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/9554499

17. Zangerle R, Widner B, Quirchmair G, Neurauter G, Sarcletti M, Fuchs D.
Effective antiretroviral therapy reduces degradation of tryptophan in
patients with HIV-1 infection. Clin Immunol. 2002;104:242–7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12217334

18. Chen J, Shao J, Cai R, Shen Y, Zhang R, Liu L, et al. Anti-retroviral therapy
decreases but does not normalize indoleamine 2,3-dioxygenase activity in
HIV-infected patients. PLoS One. 2014;9:3–10.

19. Page EE, Greathead L, Metcalf R, Clark S-A, Hart M, Fuchs D, et al. Loss of
Th22 cells is associated with increased immune activation and IDO-1 activity
in HIV-1 infection. J Acquir Immune Defic Syndr. 2014;67:227–35. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/25314246

20. Fuchs D, Forsman A, Hagberg L, Larsson M, Norkrans G, Reibnegger G, et al.
Immune activation and decreased tryptophan in patients with HIV-1
infection. J Interf Res. 1990;10:599–603. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/2128302

21. Bipath P, Levay PF, Viljoen M. The kynurenine pathway activities in a
sub-Saharan HIV/AIDS population. BMC Infect Dis. 2015;15:346. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/26285873

22. Serrano-villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, Shacklett BL, et al.
HIV-Infected Individuals with Low CD4 / CD8 Ratio despite Effective
Antiretroviral Therapy Exhibit Altered T Cell Subsets, Heightened CD8 + T
Cell Activation, and Increased Risk of Non-AIDS Morbidity and Mortality.
2014;10.

23. Jenabian M-A, Ancuta P, Gilmore N, Routy J-P. Regulatory T Cells in HIV
Infection: Can Immunotherapy Regulate the Regulator? Clin Dev Immunol.
2012;2012:1–12. Available from: http://www.hindawi.com/journals/jir/2012/
908314/

24. Krebs SJ, Ananworanich J. Immune activation during acute HIV infection
and the impact of early antiretroviral therapy. Curr Opin HIV AIDS. 2015;
163–72. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26599167

25. Schuetz A, Deleage C, Sereti I, Rerknimitr R, Phanuphak N, Phuang-Ngern Y,
et al. Initiation of ART during Early Acute HIV Infection Preserves Mucosal
Th17 Function and Reverses HIV-Related Immune Activation. PLoS Pathog.
2014;10

26. Hartling HJ, Jespersen S, Gaardbo JC, Sambleben C, Thorsteinsson K,
Gerstoft J, et al. Reduced IL-7R T cell expression and increased plasma
sCD127 in late presenting HIV-infected individuals. J. Acquir. Immune Defic.
Syndr. 2016; Available from: http://www.ncbi.nlm.nih.gov/pubmed/27509242

27. Hartling HJ, Gaardbo JC, Ronit A, Knudsen LS, Ullum H, Vainer B, et al. CD4+

and CD8+ regulatory T cells (Tregs) are elevated and display an active
phenotype in patients with chronic HCV mono-infection and HIV/HCV
co-infection. Scand J Immunol. 2012;76:294–305. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22671952

28. Midttun Ø, Hustad S, Ueland PM. Quantitative profiling of biomarkers
related to B-vitamin status, tryptophan metabolism and inflammation in
human plasma by liquid chromatography/tandem mass spectrometry.
Rapid Commun Mass Spectrom. 2009;23:1371–9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19337982

29. Gelpi M, Hartling HJ, Thorsteinsson K, Gerstoft J, Ullum H, Nielsen SD.
Immune recovery in acute and chronic HIV infection and the impact of
thymic stromal lymphopoietin. BMC Infect Dis. 2016;16:591. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27769179

30. Jenabian MA, Patel M, Kema I, Kanagaratham C, Radzioch D, Thébault P,
et al. Distinct Tryptophan Catabolism and Th17/Treg Balance in HIV
Progressors and Elite Controllers. PLoS One. 2013;8:1–13.

31. Deeks SG, Kitchen CMR, Liu L, Guo H, Gascon R, Narváez AB, et al. Immune
activation set point during early HIV infection predicts subsequent CD4 +
T-cell changes independent of viral load Immune activation set point
during early HIV infection predicts subsequent CD4 ϩ T-cell changes
independent of viral load. Blood. 2008;104:942–7.

32. Giorgi JV, Hultin LE, McKeating JA, Johnson TD, Owens B, Jacobson LP, et al.
Shorter survival in advanced human immunodeficiency virus type 1
infection is more closely associated with T lymphocyte activation than with
plasma virus burden or virus chemokine coreceptor usage. J Infect Dis.
1999;179:859–70. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
10068581

33. Hunt PW, Sinclair E, Rodriguez B, Shive C, Clagett B, Funderburg N, et al.
Gut epithelial barrier dysfunction and innate immune activation predict
mortality in treated HIV infection. J Infect Dis. 2014;210:1228–38. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/24755434

34. Douek DC, Betts MR, Hill BJ, Little SJ, Lempicki R, Metcalf JA, et al. Evidence
for increased T cell turnover and decreased thymic output in HIV infection.
J Immunol. 2001;167:6663–8. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/11714838

35. Lajoie J, Juno J, Burgener A, Rahman S, Mogk K, Wachihi C, et al. A distinct
cytokine and chemokine profile at the genital mucosa is associated with
HIV-1 protection among HIV-exposed seronegative commercial sex workers.
Mucosal Immunol. 2012;5:277–87. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/22318497

36. Erlandson KM, Ng D, Jacobson LP, Margolick JB, Dobs AS, Palella FJ, et al.
Inflammation, Immune Activation, Immunosenescence, and Hormonal
Biomarkers in the Frailty-Related Phenotype of Men with or at Risk for HIV.
J Infect Dis. 2016. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
27799351

37. Stacey AR, Norris PJ, Qin L, Haygreen EA, Taylor E, Heitman J, et al.
Induction of a striking systemic cytokine cascade prior to peak viremia in
acute human immunodeficiency virus type 1 infection, in contrast to more
modest and delayed responses in acute hepatitis B and C virus infections.
J Virol. 2009;83:3719–33. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19176632

38. Ott M, Litzenburger UM, Rauschenbach KJ, Bunse L, Ochs K, Sahm F, et al.
Suppression of TDO-mediated tryptophan catabolism in glioblastoma cells
by a steroid-responsive FKBP52-dependent pathway. Glia. 2015;63:78–90.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/25132599

39. Zanussi S, D’Andrea M, Simonelli C, Tirelli U, De Paoli P. Serum levels of
RANTES and MIP-1 alpha in HIV-positive long-term survivors and progressor
patients. AIDS. 1996;10:1431–2. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/8902075

Gelpi et al. BMC Infectious Diseases  (2017) 17:349 Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/25066423
http://www.ncbi.nlm.nih.gov/pubmed/23843452
http://www.ncbi.nlm.nih.gov/pubmed/26470032/n
http://www.ncbi.nlm.nih.gov/pubmed/26470032/n
http://www.ncbi.nlm.nih.gov/pubmed/26181815
http://www.ncbi.nlm.nih.gov/pubmed/23476103
http://www.ncbi.nlm.nih.gov/pubmed/23476103
http://www.ncbi.nlm.nih.gov/pubmed/12848846
http://www.ncbi.nlm.nih.gov/pubmed/12848846
http://www.ncbi.nlm.nih.gov/pubmed/3594632
http://jid.oxfordjournals.org/lookup/doi/10.1093/infdis/jiv037
http://www.ncbi.nlm.nih.gov/pubmed/9554499
http://www.ncbi.nlm.nih.gov/pubmed/12217334
http://www.ncbi.nlm.nih.gov/pubmed/25314246
http://www.ncbi.nlm.nih.gov/pubmed/2128302
http://www.ncbi.nlm.nih.gov/pubmed/2128302
http://www.ncbi.nlm.nih.gov/pubmed/26285873
http://www.hindawi.com/journals/jir/2012/908314/
http://www.hindawi.com/journals/jir/2012/908314/
http://www.ncbi.nlm.nih.gov/pubmed/26599167
http://www.ncbi.nlm.nih.gov/pubmed/27509242
http://www.ncbi.nlm.nih.gov/pubmed/22671952
http://www.ncbi.nlm.nih.gov/pubmed/19337982
http://www.ncbi.nlm.nih.gov/pubmed/27769179
http://www.ncbi.nlm.nih.gov/pubmed/10068581
http://www.ncbi.nlm.nih.gov/pubmed/10068581
http://www.ncbi.nlm.nih.gov/pubmed/24755434
http://www.ncbi.nlm.nih.gov/pubmed/11714838
http://www.ncbi.nlm.nih.gov/pubmed/11714838
http://www.ncbi.nlm.nih.gov/pubmed/22318497
http://www.ncbi.nlm.nih.gov/pubmed/22318497
http://www.ncbi.nlm.nih.gov/pubmed/27799351
http://www.ncbi.nlm.nih.gov/pubmed/27799351
http://www.ncbi.nlm.nih.gov/pubmed/19176632
http://www.ncbi.nlm.nih.gov/pubmed/19176632
http://www.ncbi.nlm.nih.gov/pubmed/25132599
http://www.ncbi.nlm.nih.gov/pubmed/8902075
http://www.ncbi.nlm.nih.gov/pubmed/8902075

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Collection of blood samples and flow cytometry
	Kynurenine and tryptophan
	Statistical analysis

	Results
	CD4+ and CD8+ T cell count and immune recovery
	KTR in plasma
	Immune activation
	KTR associated with reduction in immune activation, but not with immune recovery

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

