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Abstract

The intracellular pathogen Rickettsia felis causes flea-borne spotted fever and is increasingly recognized as an emerging cause
of febrile illness in Africa, where co-infection with Plasmodium falciparum is common. Rickettsiae invade endothelial cells.
Little is known, however, about the early immune responses to infection. In this study, we characterize for the first time the
cytokine profile in the acute phase of illness caused by R. felis infection, as well as in plasmodial co-infection, using serum
from 23 febrile children < 15 years of age and 20 age-matched healthy controls from Ghana. Levels of IL-8 (interleukin-8),
IP-10 (interferon-y-induced protein-10), MCP-1 (monocyte chemotactic protein-1), MIP-1a (macrophage inflammatory
protein-1a) and VEGF (vascular endothelial growth factor) were significantly elevated in R. felis mono-infection; however,
IL-8 and VEGEF elevation was not observed in plasmodial co-infections. These results have important implications in under-
standing the early immune responses to R. felis and suggest a complex interplay in co-infections.
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Introduction

Rickettsia felis causes flea-borne spotted fever (FBSF), an
acute febrile illness commonly involving headache, myalgia
and rash and potentially leading to severe neurological and
respiratory complications [1]. While distributed worldwide,
R. felis infection is increasingly reported in Africa, where
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prevalence rates of 3—15% in acute fever episodes suggest
an emerging importance as a cause of febrile illness [2-5].
The obligate intracellular pathogen R. felis belongs to the
transitional group of rickettsiae, as it shares phenotypic
characteristics with members of the spotted fever group
(SFG) and the typhus group (TG) [2]. Rickettsiae cause
endothelial cell (EC) infection which can lead to vasculi-
tis and bacterial dissemination [6]. The vascular perme-
ability observed in clinical cases seems to be mediated at
least in part by inflammatory cells and their mediators [7].
ECs, that are besides macrophages the major target cells
for rickettsial infections [8—12], react to infection with TG
and SFG rickettsia with the production of proinflammatory
cytokines like IL-1 (interleukin-1), IL-6 and TNFa (tumor
necrosis factor-a), chemokines like IL-8, IP-10 (interferon-y
induced protein-10) and MCP-1 (monocyte chemotactic pro-
tein-1) and other mediators in vitro that lead to activation
and recruitment of immune cells to the site of infection [8,
13-17]. IL-8, for example, promotes the recruitment of neu-
trophils to the site of infection and mediates angiogenesis
[18-20]. IP-10 and MCP-1 are involved in the recruitment of
monocytes and activated NK cells and T cells which further
lead to potentiation of the inflammatory response to rickett-
sial infection and its clearance [21-23]. Mouse models of
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rickettsial infections further help to understand the role of
cytokines in vivo. IFNy (interferon-y) and TNFa have pro-
tective properties during rickettsial infection of susceptible
mouse strains [24-29]. [IFNy and TNFa activate intracellular
bactericidal mechanisms; it was shown that IFNy inhibits
the growth of rickettsia in various host cells [28—-33]. How-
ever, in humans, the early host immune responses have not
been well-characterized. In this study, we investigated serum
cytokine responses in febrile children from Ghana with acute
R. felis infection.

Patients and methods

Serum cytokines and chemokines were analyzed by bead-
based LEGENDplex assay (BioLegend, London) from 23
febrile children < 15 years of age (age range 0-7 years,
median: 2 years) with molecularly confirmed R. felis infec-
tion seen at St. Michael’s Hospital, Pramso, Ghana [3]. The
detection limits of the LEGENDplex assay for the analyzed
cytokines were as follows: bFGF (basic fibroblast growth
factor: 5.03 pg/mL), G-CSF (granulocyte colony stimulat-
ing factor: 8.77 pg/mL), GM-CSF (granulocyte—macrophage
colony stimulating factor: 9.44 pg/mL), IFNy (3.08 pg/mL),
IL-18 (N/A), IL-2 (3.34 pg/mL), IL-4 (4.46 pg/mL), IL-5
(3.61 pg/mL), IL-6 (2.86 pg/mL), IL-8 (5.13 pg/mL), IL-9
(1.27 pg/mL), IL-10 (2.97 pg/mL), IL-12p70 (30.33 pg/
mL), IL-13 (N/A), IL-17A (4.29 pg/mL), IL-17F (4.24 pg/
mL), IL-21 (1.37 pg/mL), 1L-22 (5.74 pg/mL), IP-10
(N/A), MCP-1 (N/A), MIP-1a (macrophage inflammatory
protein-lo: 4.53 pg/mL), MIP-1f (macrophage inflamma-
tory protein-18: 5.47 pg/mL), PDGF-BB (platelet derived
growth factor: N/A), RANTES (regulated on activation, nor-
mal T cell expressed and secreted: N/A), TNFa (1.78 pg/
mL), VEGF (vascular endothelial growth factor: 7.41 pg/
mL).

Blood samples were taken within the first week after
onset of fever (=38 °C tympanic). Malaria microscopy and
blood cultures were performed as described previously [34].
Blood cultures from the participants of this study remained
sterile. A pan-rickettsial PCR targeting the glt A gene was
performed on samples from patients with negative blood
culture (ct-values ranged from 29 to 40). In all of these
samples R. felis was identified by sequencing of amplicons
and BLAST analysis. Details on the molecular methods are
described elsewhere [3]. Eight children had a P. falciparum
co-infection as evidenced by thin and thick blood films.

20 serum samples from age-matched healthy controls from
the same geographical area were analyzed in comparison
by the LEGENDplex assay. Thin and thick blood films for
malaria, as well as PCR examinations for Plasmodium sp. and
rickettsiae were negative from the control group. Both the R.
felis infected group and the control group were serologically
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screened by indirect immunofluorescence tests for [gM and
IgG antibodies against R. felis. The indirect immunofluores-
cence tests were performed using R. felis (strain California 2)
grown in XTC-2 cells. None of the subjects or controls were
positive.

Statistical analysis was performed with GraphPad Prism 7
software (GraphPad Software Inc., La Jolla, USA). For com-
parison between the analyzed groups, 1 way ANOVA and
subsequent Tukey’s multiple comparisons test were used. To
evaluate the fold change of cytokine concentrations between
infected patients and healthy controls, the median of the
cytokine concentrations from the mono-infected group and
co-infected group, respectively, was divided by the median of
the cytokine concentrations of the control group. In addition,
ct-values of R. felis specific DNA was compared to cytokine
concentrations of G-CSF, IL-8, IL-6, IL-10, IP-10, MCP-1,
MIP-1a, PDGF-BB and VEGF (Spearman correlation).

Results

Serum levels of IL-8, IP-10, MCP-1, MIP-1a and VEGF
were significantly increased in R. felis mono-infections in
comparison with healthy controls (Fig. 1; Table 1). Of note,
the measured cytokine concentrations did not correlate with
the detected R. felis DNA concentrations. When groups of
R. felis infected and P. falciparum co-infected children were
compared, no significant differences were observed in the
expression of IP-10, MCP-1 and MIP-1a. In contrast, sig-
nificantly lower levels of IL-8 and VEGF were found in plas-
modial co-infections compared to R. felis mono-infections.

IL-6, IL-10 and G-CSF showed smaller, non-significant
elevations in R. felis mono-infection when compared to
healthy controls. The expression of these cytokines was
further increased, significantly for G-CSF and IL-10, in co-
infected patients compared to both mono-infected patients
and healthy controls. Of note, these cytokine concentra-
tions positively correlated with the P. falciparum para-
sitemia [Spearman rank r(IL-6)=0.571, p=0.151; r(IL-
10)=0.476, p=0.243; r (G-CSF)=0.619, p=0.115].

PDGF levels were not found to be elevated in mono-
infected patients but were significantly reduced in co-
infected patients compared to healthy controls.

Serum concentrations of GM-CSF, IL-18, IL-2, IL-4,
IL-5, IL-9, IL-12p70, IL-13, IL-17A, IL-17F, IL-21, IL-22,
IFN-y, TNF-a, MIP-18, RANTES, and bFGF were similar in
both patient groups and controls (data not shown).

Discussion

Only a few studies on cytokines and other inflammatory
mediators exist for rickettsial diseases in humans. We hereby
report the first data on systemic inflammatory responses in
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Fig. 1 Cytokine and chemokine levels in sera from children during
the first week of R. felis infection. 15 sera from R. felis infected chil-
dren, 8 sera from P. falciparum co-infected children and 20 sera from
healthy children without rickettsial disease or malaria were analyzed
in parallel by bead-based LEGENDplex assay. Data are expressed as

the acute phase of FBSF. Although DNA of R. felis has also
been found on the skin of healthy individuals [35] and in
blood specimens from afebrile persons [36, 37], the nega-
tive blood cultures in all R. felis infected children examined
in our study and the negative blood films for malaria in the
specified R. felis mono-infected subgroup of our investiga-
tion underscore that R. felis is the causative agent of ill-
ness in our study participants. The fact that R. felis plays a
role as a pathogen in humans is, also, confirmed by various
reports [38—41]. The absence of rickettsial antibodies in
the children examined here has been repeatedly reported in
patients with PCR-diagnosed R. felis infection and is in line

mean =+ SD. Statistical analyses was performed with 1 way ANOVA
and subsequent Tukey’s multiple comparisons test. Asterisks indi-
cate statistically significant differences (*p<0.05, **p<0.01,
*#%p <0.001)

with findings of late seroconversion in rickettsial disease in
general [40—45].

Levels of IL-8, IP-10, MCP-1, MIP-1a and VEGF were
significantly elevated in R. felis mono-infection. These
chemokines attract immune cells to sites of infection and
likely reflect initial host responses to R. felis. In line with
that, elevations of IL-8 and MIP-1a have been reported in
the acute phase of African tick-bite fever (ATBF) and Medi-
terranean spotted fever (MSF) caused by R. africae and R.
coronii, respectively [46—48]. IL-8, and also IL-6, may play
a role in the development of vasculitis resulting from the
infection of endothelial cells by mediating the production
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Table1 Cytokine changes in infected patients in comparison to
healthy controls

Cytokine Median cytokine concentration (pg/mL) (fold change to

healthy control)

Healthy control ~ R. felis infected  R. felis

infected + malaria

IL-6 0 284.6 (NC) 169.0 (NC)
1L-8 6.2 873.6 (141.0) 39.3(6.3)
IL-10 0 7.6 (NC) 1409.0 (NC)
1P-10 71.6 2042.4 (28.5) 3443.7 (48.1)
G-CSF 0 85.1 (NC) 259.1 (NC)
MCP-1 256.1 1491.8 (5.8) 2949.0 (11.5)
MIP-1a 0 135.5 (NC) 27.5 (NC)
PDGF-BB  9419.8 9418.9 (1.0) 4337.8 (0.5)
VEGF 10.8 104.5 (9.7) 28.4 (2.6)

The median cytokine concentrations and the changes between healthy
controls and patients were calculated

NC not calculable

of acute phase proteins [49]. The levels of IL-6, IL-10 and
G-CSF were elevated in mono-infection and increased fur-
ther in co-infection. Since both IL-6 and IL-10 have been
found to be up-regulated in ATBF and MSF as well as IL-10
in malaria, these results suggest common effects of R. felis
and P. falciparum [47, 48, 50, 51]. In contrast, significantly
lower levels of IL-8 and VEGF in plasmodial co-infections
as compared to R. felis mono-infections may indicate oppos-
ing effects of R. felis and P. falciparum. Increased IFN-y and
TNF-«a levels, as reported in patients with Japanese spotted
fever, ATBF and MSF [6, 47, 48, 52], were not detectable
in R. felis infected patients. However, this does not exclude
a role for IFN-y or TNF-a in clearing R. felis infection at a
later point in time.

In our study, immune responses of children towards an
infection were determined. Several studies have demon-
strated not only diminished humoral responses in children
[53] but have also suggested that cell-mediated immunity is
not fully developed in children [54]. Furthermore, cytokine
production was shown to be reduced in children compared
to adults. Keeping this in consideration and the opportu-
nity that children in the median age of 2 years are infected
for the first time with these pathogens, immune responses
in adults could markedly differ from those of the children.
Since children represent a particular vulnerable group, it is
even more important to be able to make an early diagnosis
to treat them adequately.

The data presented, characterizing cytokine profiles dur-
ing the first week of infection with R. felis, offer new insights
in understanding early host immune responses in FBSF and
suggest a complex interplay in R. felis and P. falciparum
co-infections. Further studies, such as T cell and antibody
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analyses are needed to shed more light on the immune
responses during R. felis infection.
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