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Background. Though peripheral blood is a crucial sample to study immunology, it is unclear whether the immune environment in
the peripheral vasculature correlates with that at the end-organ site of infection. Using cryptococcal meningitis as a model, we
investigated the correlation between serum and cerebrospinal fluid biomarkers over time. Methods. We analyzed the
cerebrospinal fluid and serum of 160 subjects presenting with first episode cryptococcal meningitis for soluble cytokines and
chemokines measured by Luminex assay. Specimens were collected at meningitis diagnosis, 1-week, and 2-week post
cryptococcal diagnosis. We compared paired samples by Spearman’s correlation and the p value was set at <0.01. Results. Of the
21 analytes tested at baseline, there was no correlation detected between nearly all analytes. A weak negative correlation was
found between serum and cerebrospinal fluid levels of interferon-gamma (Rho = −0:214; p = :007) and interleukin-4
(Rho = −0:232; p = :003). There was no correlation at 1-week post cryptococcal diagnosis. However, at 2-week post cryptococcal
diagnosis, there was a weak positive correlation of granulocyte-macrophage colony-stimulating factor levels (Rho = 0:25;
p = :007) in serum and cerebrospinal fluid. No cytokine or chemokine showed consistent correlation overtime. Conclusion.
Based on our analysis of 21 biomarkers, serum and cerebrospinal fluid immune responses do not correlate. There appears to be
a distinct immune environment in terms of soluble biomarkers in the vasculature versus end-organ site of infection. While this
is a model of HIV-related cryptococcal meningitis, we postulate that assuming the blood compartment is representative of the
immune function at the end-organ site of infection may not be appropriate.

1. Introduction

Immunologic investigations are critical to understanding the
pathogenesis of infectious disease. Often, human or animal
subjects have their blood drawn to assess cell phenotype,
function, or soluble cytokines or chemokines in order to
characterize the immune response to infection. Blood is a

convenient and available compartment to analyze. However,
it is unclear if analysis of cells trafficking in the peripheral
vasculature reflect the actual immune response at the end-
organ site compartment (e.g., CSF in meningitis and lung
in pneumonia). This is important because the end-organ site
of infection is often the primary site from which initial or
disease-specific signs and symptoms manifest. Of even more
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concern is the possibility of unknowingly overestimating or
underestimating the immune response based on analysis of
immune cells in the vasculature.

Analysis of site-specific immune responses in humans is
difficult but not impossible. Cryptococcal meningitis is one
model which allows for investigation of the compartment-
specific immune responses. In cryptococcal meningitis, fre-
quent therapeutic lumbar punctures to control intracranial
pressure provide a large volume of CSF over the course of
treatment. Analysis of CSF provides information about
the immune response in the central nervous system
(CNS). Yet, cryptococcal meningitis is not solely a localized
CNS infection, but a systemic infection whereby inhaled
cryptococcal spores germinate in the lung and yeast cells
disseminate via the blood throughout the body [1, 2].
Peripheral blood mononuclear cells, serum, and plasma
provide information about the immune response in the
peripheral vascular compartment.

In cryptococcosis, but more broadly in infectious disease,
the correlation between the immune response in the periph-
eral vasculature versus immune response in the end-organ
compartment is poorly characterized. The objective of the
present analysis is to determine the correlation between 21
peripheral blood and CSF cytokines and chemokines in a
cohort of subjects with first episode cryptococcosis. In addi-
tion, we report the correlation results over time using three
distinct time points during the course of cryptococcosis treat-
ment. The results from this analysis identifies similarities and
differences in the immune response, particularly soluble
cytokines and chemokines, in tissue compartments by using
cryptococcal meningitis as a representative model.

2. Materials and Methods

Subjects with first episode of cryptococcal meningitis were
originally enrolled in the Cryptococcal Optimal ART Timing
(COAT) trial fromNovember 2010 to April 2012 to determine
the optimal time to initiate antiretrovirals after cryptococcal
meningitis [3]. The COAT trial was conducted at Mulago
Hospital, Kampala, Uganda; Mbarara University of Science
and Technology, Mbarara, Uganda; and the former G.F. Jooste
Hospital in Cape Town, South Africa. All subjects completed
written informed consent and the institutional review board
from each organization approved the study protocol. Details
regarding this study trial have been previously described
(Clinicaltrials.gov Identifier No: NCT01075152) [3].

We collected peripheral blood and CSF samples at cryp-
tococcal meningitis diagnosis, trial randomization at 1-week,
and 2-week post cryptococcal meningitis diagnosis. The sam-
ples were processed and stored at -80 and then shipped to the
University of Minnesota for analysis. Samples did not
undergo any prior freeze thaws. Serum and CSF were ana-
lyzed in a T-cell and macrophage-targeted multiplex panel
for 19 cytokines and chemokines using a Luminex multiplex
cytokine panel (Bio-Rad, Hercules, CA) [4], following the
manufacturer’s instructions being run at 1 : 2 dilution taking
the average of two replicates. We also measured CD14 and
CD163 by ELISA (R&D Systems, Minneapolis, MN). We

have previously reported the longitudinal CSF changes by
early vs. late ART treatment [4].

To assess the correlation between intrasubject matched
serum and CSF cytokines, we log transformed the raw readout
and subsequently used a nonparametric Spearman’s correla-
tion test. Data at each time point represents all subjects
included in the previous study irrespective of trial arm ran-
domization. Changes in cohort size represent fluctuations in
specimen availability, most often due to subjects who declined
therapeutic lumbar punctures or subjects who unfortunately
died. Significance was set at a p value of 0.01 to adjust for mul-
tiple comparisons in a post hoc exploratory analysis.

3. Results

Of 177 ART-naïve subjects with first episode of cryptococcal
meningitis enrolled into the COAT trial, matching CSF and
serum existed for 160 subjects at baseline, 105 subjects at 1
week, and 115 subjects at 2 weeks. Missing specimens were
most often due to lack of CSF collection on the same day as
serum collection as subjects could refuse therapeutic lumbar
punctures. Clinical and demographic data comparing COAT
trial arms early versus late ART initiation have been previ-
ously described [4]. Of the160 subjects included in this anal-
ysis, 79 subjects (49%) were female. The median age was 35
(interquartile range (IQR) 28.5 to 40) years with a median
CD4 count of 25 (IQR 10 to 74) cells/μL determined at 1-
week post diagnosis.

We assessed whether there was a correlation between
immune biomarkers in CSF versus serum for 21 analytes irre-
spective of study arm randomization. At time of diagnosis,
none of the 21 immune biomarkers had a positive correlation
by Spearman’s nonparametric test (Table 1). Two analytes had
statistically significant but weak negative correlations: the type
1 T-helper cell (Th1) cytokine interferon-gamma (IFN-γ,
Rho = −0:214; p = :007) and the type 2 T-helper cell cytokine
(Th2) interleukin-4 (IL-4, Rho = −0:232; p = :003). While sta-
tistically significant, the correlations were relatively weak and
inverse for both IFN-γ and IL-4 (Figure 1), meaning as blood
levels increased, CSF levels decreased.

Of the 19 biomarkers analyzed among 105 paired sam-
ples at 1-week post cryptococcal meningitis diagnosis, no
cytokines or chemokines were statistically correlated. Of the
21 biomarkers analyzed at 2-week post diagnosis among
115 paired samples, a weak positive correlation existed
between serum and CSF levels of granulocyte-macrophage
colony-stimulating factor (GM-CSF, Rho = 0:25; p = :007).
Across the three time points as subjects continued standard
antifungal therapy, GM-CSF was the only cytokine with a
significant correlation between blood and CSF (Rho = 0:147;
p = 0:003) (Table 2). Additionally, analysis of rate of change
over time through slope calculation across all three time points
demonstrated no significant positive or negative correlation
between blood and CSF (Table 2).

4. Discussion

We hypothesized that immune biomarkers would have a
general positive correlation between serum and CSF.
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Surprisingly, we found no consistent correlation between sol-
uble immune biomarkers in the peripheral vasculature versus
at the site of infection in the CSF. The cytokine environment
was strikingly different, even though cryptococcosis is a dis-
seminated infection throughout the vasculature, lungs, and
CNS [2, 5, 6]. Additionally, no single analyte had a significant
correlation pattern over the course of the first two weeks of
standard antifungal therapy. The results from this focused
analysis provide evidence that peripheral blood analytes are
not necessarily similar to CSF analytes. This builds upon
our previous findings which demonstrated that lymphocyte
populations and activation levels in CSF are distinct from
peripheral blood [7].

There is a large body of published literature comparing
human peripheral blood and CSF cytokines and chemokines
across various infectious etiologies of meningitis. Compara-
tively, little literature has been published regarding the correla-
tion within the same individuals’ between human tissue
compartments and peripheral blood analytes in infectious eti-
ologies of meningitis [8]. Additionally, prior to this study, there
was no literature characterizing CSF and blood analyte correla-
tions over time in subjects with cryptococcal meningitis.

Employing cryptococcal meningitis as a model of compart-
mentalization, we raise a fundamental question of whether the

immunology observed in peripheral blood represents what
occurs at the end-organ site of infection. This is particularly
important as the infectious disease field continues to consider
the potential benefits and risks of immunomodulating agent
adjuvant therapies, such as administration of proinflammatory
cytokines, monoclonal antibodies to inhibit anti-inflammatory
cytokines, or monoclonal antibodies that engage exhaustion
receptors. Therefore, it is crucial to truly understand the immune
environment at the end-organ site of infection.

The effector immune response at the site of infection
appears to be very different from that of cells trafficking in
blood. Previous studies on cryptococcal meningitis immune
reconstitution inflammatory syndrome documented differ-
ential expression of leukocyte phenotype when comparing
peripheral blood to the CSF [7]. We doubt these findings
are unique to cryptococcosis, for example, as demonstrated
by differential gene expression when comparing pericardial
fluid to peripheral blood in subjects with pericardial tuber-
culosis [9]. There is also the potential impact of tissue
niche on leukocyte activation and cytokine environment.
Research on compartmentalization in infection is limited;
thus, characterizing the immune response in peripheral
blood vs. end-organ compartments should be rigorously
assessed in other localized infections.

Table 1: Correlation of paired CSF and serum analytes at baseline, 1-week, and 2-week post cryptococcal meningitis diagnosis.

Biomarker
At CM diagnosis 1-week post diagnosis 2-week post-CM diagnosis

N Rho p value N Rho p value N Rho p value

Innate immune response

IL-6 160 0.021 0.79 105 -0.025 0.80 115 -0.228 0.01

IL-1β 160 -0.042 0.60 105 -0.122 0.22 115 0.052 0.58

IL-8 160 -0.034 0.67 105 0.141 0.15 115 0.035 0.71

G-CSF 160 -0.003 0.97 105 0.1 0.31 115 0.087 0.36

GM-CSF 160 0.033 0.68 105 0.16 0.10 115 0.25 0.007∗

MCP-1 160 0.133 0.09 105 0.216 0.03 115 -0.117 0.21

MIP-1α 75 0.01 0.93 5 0.4 0.51 93 -0.07 0.51

MIP-1β 160 0.117 0.14 105 0.114 0.25 115 -0.057 0.55

CD14 87 0.078 0.47 n N/A N/A 83 0.187 0.09

CD163 87 -0.249 0.02 n N/A N/A 83 -0.099 0.38

Adaptive immune response

IFN-γ 160 -0.214 0.007∗ 105 0.089 0.37 115 0.198 0.03

TNF-α 160 0.077 0.33 105 0.038 0.70 115 0.078 0.41

IL-12 160 0.09 0.26 105 -0.153 0.12 115 -0.005 0.96

IL-2 160 -0.025 0.76 105 -0.041 0.68 115 0.22 0.02

IL-7 160 0.038 0.64 105 0.11 0.26 115 -0.004 0.96

IL-10 160 0.021 0.80 105 0.045 0.65 115 -0.025 0.80

IL-5 160 -0.046 0.56 105 0.099 0.32 115 0.004 0.97

IL-4 160 -0.232 0.003∗ 105 0.107 0.28 115 -0.064 0.49

IL-13 160 0.056 0.48 105 -0.004 0.97 115 -0.057 0.54

IL-17 160 -0.008 0.92 105 0.128 0.19 115 0.012 0.90

Hemostasis

VEGF 111 -0.049 0.61 62 0.062 0.63 115 -0.002 0.99
∗p value of less than 0.01. Interleukin: IL; interferon: IFN; tumor-necrosis factor: TNF; granulocyte colony-stimulating factor: G-CSF; granulocyte-macrophage
colony-stimulating factor: GM-CSF; monocyte chemoattractant protein-1/CCL2: MCP-1; macrophage inflammatory protein: MIP; and vascular endothelial
growth factor: VEGF.
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Figure 1: Scatterplot of interferon-gamma (IFN-γ) and interleukin-4 (IL-4) at cryptococcal meningitis diagnosis in CSF versus serum. IFN-γ
is a Th1 cytokine which is protective in cryptococcosis causing classical activation of macrophages to enhance killing of yeast. IL-4 is Th2
cytokine which is not protective in mouse models of cryptococcosis. Both cytokines have a weak, inverse correlation between levels
observed in serum versus CSF. Levels are in pg/mL.

Table 2: Correlation of CSF and serum cytokines pooled across all three time points at baseline, 1-week, and 2-week post cryptococcal
meningitis diagnosis.

Biomarkers
Combined Correlation Rate of Change Over Time

N Rho p value N Rho p value

Innate immune response

IL-6 403 -0.07 0.16 160 0.151 0.06

IL-1β 403 0.029 0.57 160 0.070 0.38

IL-8 403 0.029 0.56 160 0.132 0.10

G-CSF 403 0.067 0.18 160 0.086 0.28

GM-CSF 403 0.147 0.003∗ 160 -0.030 0.70

MCP-1 403 0.073 0.15 160 0.111 0.16

MIP-1α 214 -0.127 0.06 118 0.061 0.51

MIP-1β 403 0.10 0.05 160 -0.119 0.13

CD14 312 0.095 0.09 128 0.180 0.04

CD163 312 -0.051 0.37 128 -0.143 0.11

Adaptive immune response

IFN-γ 403 0.119 0.02 160 0.120 0.13

TNF-α 403 0.102 0.04 160 0.096 0.23

IL-12 403 -0.021 0.67 160 -0.003 0.97

IL-2 403 0.089 0.08 160 -0.057 0.48

IL-7 403 0.036 0.47 160 -0.032 0.69

IL-10 403 -0.062 0.21 160 0.068 0.40

IL-5 403 0.041 0.41 160 0.059 0.46

IL-4 403 0.082 0.10 160 -0.063 0.43

IL-13 403 -0.093 0.06 160 0.194 0.014

IL-17 403 0.066 0.19 160 -0.082 0.30

Hemostasis

VEGF 307 0.051 0.37 147 -0.059 0.48
∗p value of less than 0.01. Interleukin: IL; interferon: IFN; tumor-necrosis factor: TNF; granulocyte colony-stimulating factor: G-CSF; granulocyte-macrophage colony-
stimulating factor: GM-CSF; monocyte chemoattractant protein-1/CCL2:MCP-1;macrophage inflammatory protein:MIP; and vascular endothelial growth factor: VEGF.
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Our study is restricted to immunocompromised persons
with cryptococcosis; thus, whether the lack of correlation
between tissue-specific and peripheral vasculature compart-
ment immune responses is universal requires future study.
Additionally, the repertoire of cytokines and chemokines
tested in this analysis include those generated by several T-
cell subsets, particularly Th1 and Th2 effector T-cells, that
have been implicated in favorable and detrimental outcomes
respectfully in mice with cryptococcal meningitis [10, 11].
The panel also includes several molecules important for mac-
rophage activation and polarization [12] as it has been dem-
onstrated that M1 macrophage polarization enhances
Cryptococcus neoformans clearance [13]. Though larger cyto-
kine and chemokine panels are available, this targeted panel
includes important analytes that have been consistently stud-
ied in cryptococcal meningitis. Therefore, this panel may
require modification when analyzing tissue-specific immune
responses in other infectious disease states.

It is plausible that participants’ study arm randomization
to early or late ART, based on parent clinical trial, could have
affected cytokine responses. However, all participants in the
parent clinical trial irrespective of study arm randomization
were included in this analysis if CSF and serum compartment
matched samples from the same individual were available for
analysis. Therefore, it is unlikely that study arm randomiza-
tion could impact our intraperson correlation analysis.
Though 160 subjects were included in the baseline analysis,
our data are limited by the absence of 35% and 30% of study
participants’ specimens at 1 and 2 weeks, respectively. How-
ever, we postulate that more specimens would not have chan-
ged the generally poor strength of the correlations. The
strength of correlations for all analytes was generally weak
with Rho correlation coefficient ranging from -0.23 to
+0.25. Thousands of specimens may have been able to gener-
ate a statistically significant p value, but the correlations were
weak. Additionally, a more stringent and formal p value cal-
culation (for example, Bonferroni correction or Benjamini-
Hochberg procedure) would not have changed the overall
weak correlation.

5. Conclusion

In conclusion, we demonstrate that cytokines and chemo-
kines released upon leukocyte activation do not correlate
between serum and CSF in cryptococcal meningitis. This
demonstrates that, though readily available, utilizing periph-
eral blood as an approximation for the immune status in tis-
sue compartments, such as the CNS, is potentially unreliable.
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