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il analysis. Cytokine qualification was performed with an
yme-linked immunosorbent assay (ELISA) kit for TNF� and IL-6

Ethical approval
antikine®; R&D Systems, Minneapolis, MN). Analyses were per-
ed in a blind fashion. Measurements were performed at time

st before starting therapy as well as at 4, 8, 12, 16, 24, 48 and
 and 5, 7 and 14 days after starting the antibiotic.

Five patients were randomised to receive daptomycin at a
e of 4 mg/kg daily and in another five patients (controls)

This study was  approved by the Ethical Committee of is FEPAR
(Faculdade Evangélica de Medicina do Parana, Curitiba, Parana,
Brazil) [register CAAE – 0191.0.081.000-11]. All patients signed an
informed consent before inclusion.
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erging role of doxycycline in vector-borne

eases

Vector-borne diseases, particularly emerging diseases such as
kungunya and zika, are currently of high concern in Latin Amer-

 given the current epidemics [1]. These are in addition to the
g-standing situation of dengue in this region. Other tropical
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diseases such as malaria and enteric fever as well as zoonoses
such as leptospirosis and rickettsial infection are also common
threats.

Curiously and fortunately, doxycycline is an effective therapeu-
tic and/or prophylactic drug for these infections. Doxycycline has
been highlighted in therapy against these pathogens, not only for its
mechanism of action as an antibiotic but it has also been recognised
as having an immunomodulatory role [2]. Recently, these effects
of doxycycline were thoroughly studied in vitro against dengue
virus (DENV) replication, where the virus titre decreased signif-
icantly (P < 0.001) after treatment with 60 �M and 80 �M doses,
levels lower than its 50% cytotoxic concentration (CC50 = 100 �M).
It showed serotype-specific inhibition, with a higher rate of suc-
cess against DENV2 and DENV4 compared with other serotypes.
These results are explained by dengue serine protease inhibi-
tion by doxycycline and its affect in blocking the conformational
change of E, an envelope protein responsible for activating mem-
brane fusion necessary for virus entry into host cells and its spread
[2].

The immunomodulatory role of doxycycline against DENV
has been the subject of other important research conducted by
Autonomous University of Yucatan (Mérida, Mexico) [3]. The
authors added doxycycline to DENV standard supportive manage-
ment in one-half of a sample of patients diagnosed with dengue
haemorrhagic fever, resulting in a 46% reduction in mortality
[13/116 (11.2%) vs. 24/115 (20.9%)] [3]. Patients received 100 mg
every 12 h for 7 days and samples were obtained at 0, 3, 5 and 7
days and were tested for levels of tumour necrosis factor (TNF) and
interleukin (IL)-6. Addition of doxycycline also resulted in a signifi-
cant and progressive decrease in both cytokines, and their levels in
patients who died were significantly higher compared with those
who survived in both treatment groups [3].

These cytokines that are increased in DENV infection are
involved in the onset and regulation of coagulation and fibrinoly-
sis, and very high levels, according to the coagulation degree, may
result in considerable fibrin formation leading to multiorgan failure
and ultimately to death [4].

Studies have shown the role of cytokines in dengue infection.
Suharti et al. reported that TNF was associated with d-dimer levels,
an activation marker of fibrinolysis, whilst IL-6 was  significantly
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sis has been made, either because of a lack of input or diagnostic
doubts.
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associated with coagulation and fibrinolysis markers [4]; both
these are affected directly by the anti-inflammatory action of dox
cycline [5].

More recently, a study found that doxycycline showed high
inhibition of viral infectivity and entry of chikungunya vir
(CHIKV) into Vero cells compared with ribavirin [5]. In contra
however, ribavirin showed higher inhibition against viral replic
tion in target cells compared with doxycycline. Assays using m
as an animal model revealed that doxycycline plus ribavirin effe
tively inhibited CHIKV replication and attenuated its infectiv
in vivo. Further experimental and clinical studies are warrant
to investigate their potential application for clinical interventi
of chikungunya disease, but the available evidence is promisi
[5].

In conclusion, fever in the returning traveller has become
high risk for patients and a not easy challenge for clinicians. La
of knowledge about these pathogens, which are very uncomm
in non-tropical settings, in the diagnosis clinicians make daily
their own countries, plus the similarity in symptoms, has led
inadequate therapies and unexpected complications. With mala
being the most common diagnosis, it is important to highlight 

easy means of diagnosis through blood films compared with t

others entities that require serological tests that are not always
available. The immunomodulatory role of doxycycline offers the
possibility of unifying the management of fever in the returning
traveller, using it like an empirical treatment before the diagno-
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