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ABSTRACT. Q fever is an infectious disease caused by Coxiella burnetii, which may become chronic when
cytokine network and cell-mediated immune responses are altered. Chemokines, such as Regulated upon
Activation, Normal T cell Expressed and Secreted (RANTES, CCL5) and Monocyte Chemoattractant Protein-1
(MCP-1, CCL2), are specialized in the trafficing of peripheral blood mononuclear cells (PBMC), and are
associated with T cell polarization that is essential for intracellular survival of C. burnetii. The present study
investigated whether or not the infection status (no infection and acute or chronic infection with C. burnetii) of
donors, affected the production of the two chemokines by PBMC with or without stimulation with virulent and
avirulent C. burnetii. Our findings indicate that in vitro exposure to virulent or avirulent C. burnetii stimulated the
production of RANTES and MCP-1 in PBMC obtained from healthy adults. The co-cultivation of endothelial cells
and human PBMC resulted in an increased production of MCP-1 and the up-regulation of RANTES, which were
contact-dependent. Unstimulated PBMC from patients with acute or chronic Q fever overproduced MCP-1.
Interestingly, the addition of C. burnetii resulted in an increased production of RANTES and MCP-1 by PBMC
obtained from patients with chronic Q fever, and the co-cultivation of PBMC with endothelial cells amplified
increased production of chemokines. Circulating levels of RANTES and MCP-1 were also increased in chronic Q
fever. We suggest that the overproduction of RANTES and MCP-1 secondary to the contact of PBMC with
endothelium may perpetuate exaggerated inflammatory responses leading to inappropriate PBMC trafficking and
to the pathogenesis of Q fever.
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Q fever is a zoonosis caused by Coxiella burnetii, an
obligate intracellular bacterium that inhabits monocytes
and macrophages [1]. The microorganism is considered as
a potential category B biological weapon [2]. The primary
infection is symptomatic in a minority of exposed indi-
viduals and consists of isolated fever, hepatitis, or pneu-
monia. This acute form of Q fever is associated with
protective immune responses, indicated by the presence of
granulomas, and it usually leads to cure [3]. Q fever may
become chronic in patients with valvular damage or in
immunocompromised patients with lymphomas and in
pregnant women [4]. The major clinical form of chronic Q
fever is endocarditis. In contrast to the acute Q fever,
chronic Q fever is characterized by defective cell-mediated
immunity and the lack of granulomas, which are replaced
by lymphocyte infiltration and foci of necrosis [5].
Granuloma formation in Q fever is associated with protec-
tion as described in other infectious diseases [6]. It is a
complex process that requires the activation and recruit-
ment of lymphocytes and monocytes to the site of infec-

tion, leading to leucocyte juxtaposition around C. burnetii-
infected macrophages. Such recruitment needs soluble
mediators including chemokines produced by infected
cells and/or injured tissues. Chemokines are classified into
four subfamilies, CXC, CC, C, and CX3C, based on the
arrangement of positionally conserved cysteine motifs
within their structures. Chemokines are involved in consti-
tutive and inducible migration of leucocytes. Each
chemokine targets circulating leucocytes: CC chemokines
exert their action on multiple leucocyte subtypes, includ-
ing monocytes, T lymphocytes, dendritic cells, and NK
cells, but they are generally inactive on polymorpho-
nuclear cells; C chemokines primarily recruit lympho-
cytes, and CXC chemokines act on polymorphonuclear
cells [7]. Monocyte Chemoattractant Protein-1 (MCP-1,
CCL2) and Regulated upon Activation, Normal T cell
Expressed and Secreted (RANTES, CCL5) are prototypes
of the CC chemokine family. MCP-1 is produced by im-
mune cells, including macrophages, dendritic cells, and
non-immune cells such as endothelial cells (EC) and fibro-do
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blasts, and its expression is induced by cytokines such as
interleukin (IL)-1, Tumor Necrosis Factor (TNF), IL4, and
microbial products [8]. MCP-1 interacts with CCR2 that is
widely expressed. On the other hand, RANTES is pro-
duced by immune cells, including macrophages and T
lymphocytes, and non-immune cells such as epithelial
cells [9]. RANTES expression is induced by cytokines
such as IL1b and TNF. In contrast to MCP-1, RANTES
binds different receptors such as CCR1, CCR3, CCR4, and
CCR5 [10].
RANTES is associated with Th1 responses as suggested
by the reduction of type 1 granuloma formation after its
neutralization [11]. MCP-1 is preferentially associated
with Th2 responses by co-stimulating IL4 production and
interfering with IL-12 production and Th1 development
[12]. Indeed, MCP-1-deficient mice have diminished Th2
responses [13]. In addition, IFN (interferon)-c production
by T cells in draining lymph nodes, type 1 granuloma
formation, and clearance of intracellular pathogens are
defective in CCR2-deficient mice [14]. RANTES and
MCP-1 are associated with inflammatory disorders and
their role is likely in infectious diseases [15]. As both
cytokines are essential for the shaping of immune re-
sponses, we investigated the production of RANTES and
MCP-1 by peripheral blood mononuclear cells (PBMC) in
healthy individuals and patients with Q fever. In addition,
as mononuclear cells interact with EC during their extrava-
sation from the vascular lumen to peripheral tissues [16],
we wondered if the interaction of PBMC with EC affected
their ability to produce RANTES and MCP-1. We provide
evidence that PBMC-EC contact potentiated chemokine
production in controls and increased dramatically this pro-
duction in patients with chronic Q fever. The overproduc-
tion of these chemokines may perpetuate the exaggerated
inflammatory response leading to inappropriate PBMC
trafficking and, consequently, to the pathogenesis of Q
fever.

METHODS

Blood samples

For studying chemokine production by PBMC, blood
samples were collected from 10 patients (7 men and 3
women; mean age 60 years; range 37-83 years) with acute
Q fever, 8 patients (4 men and 4 women; mean age 50
years; range 25-75 years) with chronic Q fever, and 10
healthy subjects (5 men and 5 women; mean age 42 years;
range 23-58 years), after informed consent. To measure
circulating chemokines, we also collected blood from 17
patients with acute Q fever (10 men and 7 women; mean
age 54 years; range 43-76 years), 33 patients with chronic
Q fever (19 men and 14 women; mean age 52 years; range
32-78 years) and 20 healthy controls (10 men and 10
women; 44 years; range 26-59 years). The diagnosis of
acute Q fever was based on the detection of phase II
C. burnetii-specific IgM (mean titer 100; range 50-800)
and IgG (mean titer 1200; range 100-3200). The diagnosis
of chronic Q fever (C. burnetii endocarditis) was based on
the modified Duke’s University criteria including the pres-
ence of phase I C. burnetii-specific IgG (mean titer 4000,

range 800-12,000) [17]. No co-infection was reported in
patients with acute or chronic Q fever.

Preparation of PBMC and other cells

EDTA-anticoagulated blood obtained from the three
groups of donors was used and PBMC were separated by
Ficoll gradient centrifugation as described previously [18].
Platelets were removed by washing PBMC twice at 260 x
g for 10 min. The human microvascular EC line
(HMEC-1) was kindly provided by Dr. Ades (CDC, At-
lanta, GA, USA) and used with his permission. It was
cultured as described [19]. EC were seeded on tissue
culture flasks coated with 0.2% gelatine in EC growth
medium (Cambrex BioSciences, Emerainville, France)
supplemented with 10% fetal calf serum (FCS), 1 mM
L-glutamine, 1% hydrocortisone, and 1% EC growth fac-
tor. After trypsinization, cells were collected and grown to
confluence at 37°C in 5% CO2, and the medium was
replaced every other day until the formation of monolay-
ers. L929 cells were subcultured in Eagle MEM containing
25 mM HEPES, 10% FCS, 2 mM L-glutamine, 100 U/mL
penicillin, and 100 lg/mL streptomycin (Invitrogen,
Eragny, France), after trypsinization once per week.

Preparation of C. burnetii

Virulent C. burnetii (phase I organisms) was obtained as
previously described [20]. BALB/c mice were injected
intraperitoneally with 108 C. burnetii organisms (Nine
Mile strain) contained in 0.5 mL of prewarmed phosphate
buffered saline. After 10 days, the mice were killed by
cervical dislocation, and their spleens were dilacerated
using sterile 70-lm cell strainers in 5 mL of antibiotic-free
Eagle MEM supplemented with 4% FCS and 2 mM
L-glutamine. Spleen homogenates (1 mL per flask) were
added to L929 cell monolayers in antibiotic-free Eagle
MEM supplemented with 4% FCS and 2 mM L-glutamine.
After 1 week of infection, L929 cells were sonicated and
the homogenates were spun down at 300 x g for 10 min to
discard cell debris, and unpurified phase I bacteria were
used for another passage on L929 cells. Avirulent variants
of C. burnetii (phase II organisms) were cultured in L929
cells by repeated passages [20]. Sonicates of infected cells
were spun down at 300 x g for 10 min and supernatants
containing virulent or avirulent bacteria were centrifuged
at 8000 x g for 10 min. The bacterial pellet was layered on
a 25 to 45% linear Renograffin gradient. Next, the gradi-
ents were centrifuged and the bacteria were collected,
washed, and suspended in HBSS (Invitrogen) before being
stored at -80°C. The number of C. burnetii organisms in
each preparation was determined by Gimenez staining as
follows: a predetermined volume of bacterial suspension
(5 lL of the serial dilutions) was deposited on diagnostic
microscope 6 mm slides (Brand Cel-Line, Menzel, Braun-
schweig, Germany), dried to perform staining, and the
mean number of bacteria was quantified by optical exami-
nation of 5 different fields using an eyepiece with a cali-
brated grid. The bacterial viability was assessed using the
LIVE/DEAD BacLight bacterial viability kit (Molecular
Probes, Eugene, OR, USA), as previously described [21].
Only preparations containing more than 90% of viable
organisms were used.
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Co-cultivation of PBMC and EC

EC were seeded in gelatin-coated 96-well culture plates (3
x 104 EC/well) and cultured to confluence. To obtain
inflammatory EC, they were incubated with 20 ng/mL of
human recombinant TNF (R&D Systems, Abingdon,
United Kingdom) for 20 h. EC were then co-cultured with
PBMC (105 PBMC/well) in the presence or absence of
virulent or avirulent C. burnetii (6 x 105 bacteria/well) for
different periods. Latex beads (Sigma-Aldrich, Saint
Quentin Fallavier, France; 10:1 bead-to-cell ratio) were
used as controls.

Assay of chemokines

PBMC supernatants were collected and stored at -80°C
before chemokine determination by sandwich enzyme im-
munoassays. RANTES (detection limit, 5 pg/mL) and
MCP-1 (detection limit, 10 pg/mL) assays were provided
by Beckman Coulter (Villepinte, France) and BioSource
International (Nivelles, Belgium), respectively. The intra-
and interspecific coefficients of variation ranged from 5%
to 10%.
Quantitative real-time RT-PCR (qRT-PCR) was performed
as follows [22]; total cellular RNA was extracted using the
Trizol method (Invitrogen), and its integrity and quantity
were assessed with the 2100 Bioanalyzer and the RNA
6000 Nano LabChip kit (Agilent Technologies, Palo Alto,
CA, USA) after a DNase digestion step. Ten ng of RNA
were incubated with reverse transcriptase (Superscript II,
Invitrogen) and oligo(dT)12-18 primer. The following
nucleotide sequences of primers were used: for RANTES,
F5’CTGCTGCTTTGCCTACATTGC3’ and R5’GTT
CAGGTTCAAGGACTCTCCA-TC3’; for MCP-1,
F5’CTTCTGTGCCTGC-TGCTCATAG3’ and R5’GAA
TCCTGA-ACCCACTTCTGCT3’; for b-actin used as en-
dogenous control, F5’-GTGGGGCGCC-CCAGGCA
CCA3’ and R5’CTCCTTAATGTCACGCACGATTC3’.
Reverse transcriptase was omitted in negative control.
qRT-PCR was performed using the LightCycler-FastStart
DNA Master SYBR Green System (Roche, Mannheim,
Germany). The fold change in the target gene (RANTES or
MCP-1) cDNA relative to the b-actin endogenous control
was determined as follows: fold change = 2-DDCt, where
DDCt = (CtTarget - CtActin) of stimulated PBMC - (Ct-
Target - CtActin) of unstimulated PBMC. Ct values are
defined as the cycle numbers at which the fluorescence
signals were detected.

Statistical analysis

Results were expressed as mean ± SD. Results obtained
with patients were expressed as median with 25 and 75
percentile distribution, and minimum and maximum val-
ues. Quantitative data were compared with the Mann-
Whitney U test. Differences are considered significant
when p < 0.05.

RESULTS

C. burnetii stimulated production of RANTES and MCP-1

Unstimulated PBMC from controls transiently released
RANTES at 12 h, and this release significantly (p < 0.05)

increased in response to C. burnetii (figure 1A). MCP-1
was not released by unstimulated PBMC during 48 h of
culture but, in the presence of virulent C. burnetii, MCP-1
release was demonstrated at 12 h, reached maximum value
after 24 h and plateaued thereafter (figure 1B). Avirulent
C. burnetii also stimulated the release of RANTES
(3.6 ± 0.5 ng/mL at 12 h) and MCP-1 (12.2 ± 1.8 ng/mL at
24 h), which was similar to that induced by virulent organ-
isms. In contrast, latex beads had no effect on the release of
RANTES (1.6 ± 0.3 ng/mL) or MCP-1 (0.1 ± 0.1 ng/mL).
The release of RANTES and MCP-1 by PBMC did not
result from exocytosis of preformed chemokines since it
was completely inhibited by cycloheximide treatment
(data not shown). While C. burnetii slightly affected
RANTES transcription, as determined by qRT-PCR
(figure 1C), it transiently increased the expression of
MCP-1 transcripts (figure 1D). Hence, C. burnetii stimu-
lated the release of RANTES and MCP-1 independently of
bacterial virulence, and markedly affected MCP-1 tran-
scription.

C. burnetii stimulated chemokine production in PBMC
interacting with EC

As the interaction of PBMC with EC results in their acti-
vation [23], we wondered if such interaction modulated the
ability of PBMC from controls to produce RANTES and
MCP-1 in response to C. burnetii. RANTES and MCP-1
were undetectable in supernatants of human microvascular
EC in the presence and absence of C. burnetii. In the
absence of C. burnetii, the co-culture of PBMC with EC
increased the release of RANTES: it was detected at 6 h,
became maximal at 12 h, decreasing thereafter (figure 2A).
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Figure 1
C. burnetii stimulated the production of RANTES and MCP-1.
A, B) PBMC from controls were incubated in the presence or absence
of C. burnetii (bacterium-to-cell ratio of 6:1) for 48 h. Supernatants
were collected and assayed for RANTES (A) and MCP-1 (B) by
immunoassays. Results expressed in ng/mL are the means ± SD of 5
experiments.
C, D) Transcripts encoding RANTES (C) and MCP-1 (D) were
quantified by qRT-PCR. Results are expressed as the ratio of expres-
sion levels in C. burnetii-stimulated PBMC versus unstimulated
PBMC. They are the mean ± SD of 3 experiments.
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Adding C. burnetii to PBMC-EC co-cultures markedly
up-regulated the release of RANTES, which was detected
1 h after bacterial stimulation and steadily increased to
reach a peak at 12 h (figure 2B). The co-culture of PBMC
with EC also resulted in MCP-1 release, even in the ab-
sence of C. burnetii: the release was detected after 12 h,
and remained as a plateau until 48 h (figure 2C). C. bur-
netii organisms significantly (p < 0.05 at 24 and 48 h)

increased the MCP-1 release induced by the interaction of
PBMC with EC (figure 2D).
We also wondered if the release of RANTES and MCP-1
by PBMC co-cultured with EC was due to increased gene
transcription. The co-culture of PBMC with EC in the
presence or absence of C. burnetii did not affect the ex-
pression of RANTES mRNA when compared to PBMC
cultivated alone (data not shown). In the absence of C. bur-
netii stimulation, the expression of MCP-1 mRNA was
transiently upregulated in PBMC that interacted with EC,
as compared with PBMC alone (figure 2E). In C. burnetii-
stimulated PBMC that interacted with EC, MCP-1 mR-
NAs were transiently up-regulated as compared with
C. burnetii-stimulated PBMC (figure 2F).
As with virulent C. burnetii, avirulent C. burnetii also
increased the release of RANTES (17.3 ± 2.1 ng/mL at
12 h) and MCP-1 (39.6 ± 4.1 ng/mL at 24 h) induced by
PBMC-EC interaction. Again, latex beads were unable to
up-regulate chemokine release when PBMC were co-
cultured with EC (for RANTES, 6.7 ± 0.8 ng/mL at 12 h;
for MCP-1, 20.5 ± 3.3 ng/mL at 24 h). Using inflamma-
tory EC did not modify RANTES release induced by
PBMC stimulated or not by C. burnetii (figure 2A and 2B,
respectively), but it moderately increased unstimulated
and C. burnetii-stimulated release of MCP-1 (figure 2C
and 2D, respectively). Note that the effect of inflammatory
EC was essentially observed during the initial periods of
interaction, when the production of chemokines was still
low. On the other hand, the physical contact of PBMC with
EC is critical for up-regulated release of chemokines, since
using porous membranes to separate PBMC from EC led
to a chemokine release similar to that observed in the
absence of EC (table 1). Next, we wondered whether the
up-regulation of RANTES and MCP-1 release was due to
PBMC, EC or the PBMC-EC combination. For that pur-
pose, unstimulated or C. burnetii-stimulated PBMC and
EC were alternatively fixed with 1% formaldehyde, and
chemokine production was assessed. The co-incubation of
fixed EC with PBMC led to chemokine release; levels of
RANTES and MCP-1 were similar to those obtained by
PBMC-EC co-culture. Virulent (table 1) and avirulent
(data not shown) C. burnetii increased the release of
RANTES and MCP-1 by PBMC incubated with EC or
fixed EC in a similar way. In contrast, the co-culture of
fixed PBMC with EC completely prevented chemokine
release. Hence, chemokine release was due to PBMC, and
EC provided a signal amplifying the PBMC response.
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Figure 2
Chemokine production and PBMC-EC interaction.
A-D) PBMC from controls were incubated with EC or inflammatory
EC in the absence (A, C) or the presence (B, D) of C. burnetii
(bacterium-to-cell ratio of 6:1) for 48 h. Supernatants were collected
and assayed for RANTES (A, B) and MCP-1 (C, D) by immunoas-
says. Results expressed in ng/mL are the means ± SD of 5 experi-
ments.
E, F) PBMC were unstimulated (E) or stimulated with C. burnetii
(F), and transcripts encoding MCP-1 were quantified by qRT-PCR.
Results are expressed as the ratio of expression levels in PBMC
cultured with EC versus PBMC alone. They are the mean ± SD of 3
experiments.

Table 1
Chemokine release by PBMC interacting with EC

- C. burnetii + C. burnetii

RANTES MCP-1 RANTES MCP-1

PBMC 2.8 ± 0.7 < 0.005 5.5 ± 0.7 13.7 ± 1.9
PBMC + EC 8.6 ± 0.9 20.2 ± 1.1 19.4 ± 2.5 40.4 ± 3.7
EC-separated PBMC 3.1 ± 0.9 0.2 ± 0.1 5.9 ± 1.0 15.6 ± 2.8
Fixed PBMC < 0.005 < 0.005 < 0.005 < 0.005
Fixed PBMC + EC < 0.005 < 0.005 < 0.005 < 0.005
PBMC + fixed EC 7.9 ± 0.8 18.9 ± 0.8 17.8 ± 1.8 37.6 ± 4.2

PBMC from controls were incubated with EC or separated from EC through porous membranes. PBMC and EC were alternatively fixed with 1% formaldehyde, washed and
then incubated with EC and PBMC, respectively, in the presence or the absence of C. burnetii (bacterium-to-cell ratio of 6:1). Supernatants were collected after 12 and 24 h for
RANTES and MCP-1 determination, respectively. Both chemokines were quantified by immunoassays. Results expressed in ng/mL are the mean ± SD of 3 experiments.
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Chemokine release in patients with Q fever

We wondered if the release of RANTES and MCP-1 and
their modulation by adhesion of PBMC to EC was affected
in Q fever. RANTES release by unstimulated PBMC was
similar in patients and controls (figure 3A) whereas
C. burnetii-stimulated release was significantly (p < 0.05)
higher in patients with chronic Q fever than in patients with
acute Q fever or controls (figure 3B). In PBMC-EC co-
culture experiments, unstimulated (figure 3C) and
C. burnetii-stimulated (figure 3D) release of RANTES
was significantly higher in PBMC from patients with
chronic Q fever than in controls and patients with acute Q
fever (p < 0.05). The quantities of MCP-1 released by
unstimulated PBMC were significantly higher in acute and
chronic Q fever (p < 0.05) than in controls (figure 4A). In
response to C. burnetii, they were higher in chronic Q
fever than in controls and acute Q fever (p < 0.05, figure
4B). In PBMC-EC co-culture experiments, MCP-1 release
was significantly (p < 0.05) increased in patients with
chronic Q fever as compared with the two other groups (for
unstimulated PBMC, figure 4C; for C. burnetii-stimulated
PBMC, figure 4D). These results showed that the C. bur-
netii stimulation of PBMC that had interacted with EC
leads to an exaggerated chemokine release in patients with
chronic Q fever.
Finally, we determined the circulating levels of RANTES
(figure 5A) and MCP-1 (figure 5B) in Q fever. The circu-
lating levels of RANTES and MCP-1 were similar in
healthy controls and patients with acute Q fever. They were
significantly (p < 0.05) increased in patients with chronic
Q fever, suggesting that chemokine production by PBMC
and circulating levels of chemokines were related.

DISCUSSION

In this report, we have shown that C. burnetii induced
sustained MCP-1 release and transiently up-regulated
RANTES release by PBMC. Previous data showed that
C. burnetii elicits the production of inflammatory and im-
munoregulatory cytokines [24-26]. RANTES was not re-
leased from exocytosis granules, in which it has been
found in several cell types [27]. RANTES release occurred
without changes in transcript levels. This is consistent with
the regulatory role of IL-10 that affects RANTES produc-
tion at the post-transcriptional level [28]. In contrast,
MCP-1 release occurred with marked changes in transcript
levels, which may be consistent with sustained release of
MCP-1. RANTES and MCP-1 release was not related to
C. burnetii virulence. This suggests that the pathogen-
associated molecular patterns shared by virulent and aviru-
lent C. burnetii are involved in chemokine release. It is
likely that the interaction of C. burnetii with PBMC affects
the production of RANTES and MCP-1 by a direct effect
mediated by pattern recognition receptors such as Toll-like
receptor-2 or -4 [29, 30] and/or by an indirect effect medi-
ated by TNF or IL1 [8, 10].
The interaction of PBMC with an EC monolayer modified
the unstimulated pattern of RANTES and MCP-1 produc-
tion, and the ability of PBMC to respond to C. burnetii.
The adhesion of monocytes to IFN-c-primed human um-
bilical vein EC (HUVEC) results in increased release of
IL-8 and MCP-1 [23] but, under our conditions, the treat-
ment of HMEC with TNF did not dramatically affect their
ability to stimulate chemokine production by PBMC.
PBMC-EC contact was sufficient to induce chemokine
release, and to prime the response to C. burnetii. Cytokine-
encoding genes are expressed by monocytes adherent to
plastic or tissue matrix [31]. Preliminary results suggested
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Exaggerated release of RANTES in patients with chronic Q fever.
PBMC from controls (n = 10), patients with acute Q fever (n = 10) or
with chronic Q fever (n = 8) were cultured without (A, B) or with (C,
D) EC in the absence (A, C) or the presence of C. burnetii (B, D).
Supernatants were collected after 12 h, and RANTES was quantified
by immunoassay. Results in ng/mL are expressed as the median, with
25 and 75 percentile distribution, and minimum and maximum.
*p < 0.05 represents the comparison between patient groups and the
control group.
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Exaggerated release of MCP-1 in patients with chronic Q fever.
PBMC from controls (n = 10), patients with acute Q fever (n = 10) or
with chronic Q fever (n = 8) were cultured without (A, B) or with (C,
D) EC in the absence (A, C) or the presence of C. burnetii (B, D).
Supernatants were collected after 24 h, and MCP-1 was quantified by
immunoassay. Results in ng/mL are expressed as the median, with 25
and 75 percentile distribution, and minimum and maximum. *
p < 0.05 represents the comparison between patient groups and the
control group.
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that the increase in MCP-1 and RANTES release depended
on the b2 integrin CD11a/CD18, as shown by experiments
with blocking antibodies (data not shown). The production
of soluble mediators by EC could not account for the
contact-mediated up-regulation of chemokine production.
This result disagrees with Lukacs’ report in which MCP-1
was released by HUVEC during their interaction with
monocytes [23]. Nevertheless, MCP-1- and RANTES-
encoding genes were expressed in microvascular EC (data
not shown), suggesting that the release process may be
dependent on EC type. This provides an additional piece of
evidence for physiological differences between macro-
and microvascular EC, the latter being more relevant to
inflammatory processes [32].
Finally, the production of RANTES and MCP-1 was in-
creased in chronic Q fever and up-regulated after
PBMC-EC interaction. It is likely that high amounts of
chemokines produced locally interfere with the normal
trafficking of leucocytes toward tissue and subsequently
with the formation of granulomas. Firstly, MCP-1 is
known to be involved in Th2 differentiation [12]. A re-
orientation of T cell responses toward a Th2 pattern may
interfere with protective Th1 immune responses against

C. burnetii. This is consistent with a recent report describ-
ing the role of MCP-1 in susceptibility to tuberculosis [33].
Secondly, it is known that RANTES effects on leucocytes
are concentration-dependent. Hence, only high concentra-
tions of RANTES lead to self-aggregation and activate
monocytes and T cells [9]. We suggest that high amounts
of RANTES and MCP-1 may interfere with directional
migration of immune cells and, consequently, with the
formation of granulomas. This hypothesis is strengthened
by our observation that circulating levels of RANTES and
MCP-1 were specifically increased in chronic Q fever.
In this report, we provided evidence that C. burnetii stimu-
lates MCP-1 and RANTES release by PBMC, and in-
creases this release when PBMC interact with EC. This
mechanism of chemokine release represents an amplifica-
tion loop that may occur in vivo. It is amplified in chronic
Q fever in which granuloma formation is defective. We
suggest that the overproduction of RANTES and MCP-1
may be deleterious for the adapted traffic of immune cells
to the tissues and the formation of granulomas.
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