
Treatment of Experimental Candida Sepsis with a Janus Kinase
Inhibitor Controls Inflammation and Prolongs Survival

P. Tsirigotis,a N. Papanikolaou,b A. Elefanti,b P. Konstantinou,c K. Gkirkas,a D. Rontogianni,c N. Siafakas,b P. Karakitsos,d E. Roilides,e

G. Dimitriadis,a L. Zerva,b J. Meletiadisb

Second Department of Internal Medicine, Attikon University Hospital, National and Kapodistrian University of Athens, Athens, Greecea; Clinical Microbiology Laboratory,
Attikon University Hospital, National and Kapodistrian University of Athens, Athens, Greeceb; Department of Pathology, Evaggelismos General Hospital, Athens, Greecec;
Department of Cytopathology, Attikon University Hospital, National and Kapodistrian University of Athens, Athens, Greeced; Infectious Diseases Unit, Third Department of
Pediatrics, Aristotle University School of Medicine, Hippokration Hospital, Thessaloniki, Greecee

Janus kinases (JAK) are intracellular tyrosine kinases that transduce cytokine-mediated signals to the nucleus, promoting gene
expression. Cytokines play a major role in microbial sepsis, which is often associated with uncontrolled inflammation leading to
death. JAK inhibitors have been used for the treatment of several autoimmune diseases by modulating immune response, but
they have never been tested against microbial sepsis. Ruxolitinib is a small-molecule inhibitor of JAK1/2 proteins, which are in-
volved in the downstream signaling pathway of the vast majority of proinflammatory and anti-inflammatory cytokines. We
therefore studied the effect of ruxolitinib in a mouse model of sepsis due to Candida albicans. When ruxolitinib therapy (50
mg/kg [of body weight]/day) was started 1 day before infection, the median survival time was reduced by 3 days, the fungal loads
in all organs were higher, the inflammation was significantly less, and serum tumor necrosis factor alpha (TNF-�) and interleu-
kin 10 (IL-10) levels and IL-10/TNF-� ratios were higher than in controls. When ruxolitinib therapy (50 to 1.5 mg/kg/day) was
started 1 day after infection, an inverted-U relationship was found, with 6.25 mg/kg/day prolonging median survival time by 6
days, resulting in similar fungal loads, less inflammation, and similar cytokine levels but higher IL-10/TNF-� ratios than the
controls. The optimal dose of ruxolitinib controlled infection and prolonged survival with less inflammation than in control
animals. Administration of JAK inhibitors may be a promising therapeutic adjunct that needs further investigation.

Sepsis is a leading cause of death in critically ill patients in de-
veloped countries (1). Candida species cause 10 to 15% of all

bloodstream infections and 5% of all septic episodes (2, 3). Ap-
proximately one-third of patients with candidemia develop severe
sepsis, with significant mortality (�60%) despite antifungal treat-
ment (3). Alternative therapeutic approaches for severe sepsis are
urgently needed.

Pathophysiologically, sepsis is considered the systemic inflam-
matory response syndrome resulting from the immune response
of the host against the invading pathogen. Indeed, in many cases,
death is directly caused by the uncontrolled and exaggerated in-
flammation rather than the pathogen itself (4). The effects of var-
ious agents, including corticosteroids, antiendotoxin, and anticy-
tokine antibodies, on inflammatory cascade blockage have been
investigated in several clinical trials (5). The results from these
studies failed to show a clear therapeutic benefit, and in many
circumstances inflammatory blockade was harmful. Indeed, a re-
cent meta-analysis of clinical trials showed that in general, high-
intensity blocking of inflammation has a negative impact on sepsis
outcome. However, in many studies there was a small subgroup of
patients who actually benefited from anti-inflammatory interven-
tion (5).

Failure of anti-inflammatory blocking therapy might be attrib-
uted to several factors (6). First, slowing of the inflammatory pro-
cess needs to occur at the right time. Inhibition might not be
effective if it does not occur at an early phase of the septic process.
In accordance with this hypothesis is the fact that patients admit-
ted to an intensive care unit (ICU) are already in an established
septic phase. Second, the intensity of the inhibition may be of
crucial importance, since a certain degree of inflammation is re-
quired for the effective clearance of the pathogen (6). An absence

of fine control and monitoring of the inhibition in a time-specific
manner may contribute to the failure of anti-inflammatory trials.
Finally, inhibition of a single cytokine may not be effective simply
because the function of one cytokine is counterbalanced by one or
more of the other mediators of the cytokine storm that occurs
during sepsis (7).

The septic process is mediated through the orchestrated ex-
pression of various proinflammatory and anti-inflammatory cy-
tokines acting upon binding to specific receptors of innate im-
mune cells. The type I and type II classes are the two major kinds
of cytokine receptors (8). The cytoplasmic domain of each recep-
tor binds to members of the Janus family of tyrosine kinases
(JAKs), consisting of JAK1, JAK2, JAK3, and Tyk2 protein. Differ-
ent cytokine receptors bind with different combinations of JAKs,
which are activated after cytokine binding. After binding of a cy-
tokine to its cognate receptor, JAK homodimerization occurs and
results in phosphorylation of the signal transducer and activator
of transcription (STAT) molecules (9). The activated STATs form
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dimers before migrating to the nucleus, where they regulate gene
expression through binding to specific DNA promoter elements.
Examples of molecules that use the JAK/STAT signaling pathways
are the colony-stimulating factor, prolactin, growth hormone,
and a multitude of other cytokines. JAK inhibitors result in sup-
pression of activation and expression of STATs and ultimately of
downstream inflammatory genes (10).

Ruxolitinib is a JAK1 and JAK2 small-molecule inhibitor re-
cently approved for the treatment of patients with primary and
secondary myelofibrosis (11). Myelofibrosis is caused by the pro-
liferation of an abnormal clone of hematopoietic stem cells which
produces an excessive amount of cytokines, leading to bone mar-
row collagen fibrosis, splenomegaly, and severe anemia. Rux-
olitinib offers an excellent opportunity for testing the effect of
blocking inflammatory cytokines in the treatment of sepsis be-
cause (i) monitoring the extent of cytokine inhibition can be ac-
complished by administration of incremental doses of ruxolitinib
and (ii) ruxolitinib provokes a more global cytokine effect, since
JAK1 and JAK2 inactivation results in downstream signaling path-
way inhibition of the vast majority of pro- and anti-inflammatory
cytokines (12). Ruxolitinib was previously tested in animal mod-
els of myeloproliferative neoplasms (13), graft-versus-host disease
(14), lymphoblastic leukemia (15), and arthritis (10) with prom-
ising results, posing this agent as important immunomodulator
with many applications. Therefore, in the present study, we inves-
tigated the effect of ruxolitinib on the outcome of a mouse model
of severe sepsis due to Candida albicans, measuring its impact on
fungal load, cytokines, and inflammation.

(This study has been presented at the 24th European Confer-
ence for Clinical Microbiology and infectious Diseases in Barce-
lona, Spain, May 2014.)

MATERIALS AND METHODS
Isolate. A clinical strain of Candida albicans ATCC UC820 isolated from
the blood of a patient with disseminated candidiasis was used. The strain
was stored at �70°C and was subcultured twice on Sabouraud dextrose
agar (SDA) plates and incubated at 30°C for 24 h. Yeast suspensions were
prepared in saline and adjusted using a Neubauer counting chamber in
order to obtain a final suspension of 5 � 107 CFU/ml, which was verified
by quantitative cultures.

Animal model of sepsis. Female CD1 mice 4 to 6 weeks old and weigh-
ing 20 to 25 g (Hellenic Pasteur Institute, Athens, Greece) were housed
and fed ad libitum. The animals were maintained in accordance with the
2010/66/�� guidelines of the animal welfare body of the European Com-
mission. All animal studies were approved by the regional Animal Welfare
Ethics Committee, Veterinary Department, Prefecture of Athens. After
acclimatization for 1 week, mice were infected through the tail vein with
0.1 ml of yeast suspension, which corresponded to 5 � 106 CFU per
mouse. In preliminary experiments, this inoculum was found to result in
90% mortality in 10 days and a median survival time of 5 days (16, 17).
Previous studies showed that the murine model of hematogenously dis-
seminated candidiasis accurately reflects the septic process observed in
clinical cases, enabling the study of the pathophysiological aspect of this
disease (16, 17). Sepsis syndrome was manifested by worsening hypoten-
sion, tachycardia, hypothermia, metabolic acidosis, profound acidemia,
hypoglycemia, and severe renal insufficiency starting 1 day after infection
and leading ultimately to death after day 3. Although one isolate was used,
the host-microbe interactions are expected to be similar for different iso-
lates. For all the following experiments, survival was monitored daily and
moribund mice were sacrificed and considered deceased at the time of
sacrifice.

Treatment. The JAK inhibitor ruxolitinib phosphate (INCB018424,
Jakavi; Novartis) was dissolved in 0.5% methylcellulose and serially di-
luted to obtain all doses. Ruxolitinib was administered daily by oral ga-
vage. The control group consisted of mice treated with placebo consisting
of 0.5% methylcellulose.

(i) Initiation time-finding studies. In order to find the appropriate
time for initiating treatment, groups of 10 mice were treated with daily
doses of 50 mg/kg of ruxolitinib that started 1 day before (D�1 regimen)
or 1 day after (D�1 regimen) the infection and continued for up to 14
days or the death of the mouse. This dose was chosen based on previous
studies with mice (13) and for practical reasons related to the highest concen-
tration of ruxolitinib that was dissolved in 0.5% methylcellulose. Because
ruxolitinib therapy affects spleen size, spleens were removed after death and
weighed for each group. It was previously found that ruxolitinib reduce the
spleen size in a mouse model of malignant disease by selective decrease of
neoplastic cell burden without loss of normal lymphoid tissue (13).

(ii) Optimal dose-finding studies. Six 2-fold doses of ruxolitinib (1.5,
3.1, 6.25, 12.5, 25, and 50 mg/kg/day) were studied starting the treatment
1 day after infection (D�1) for 14 days in groups of 10 mice. Survival
curves were constructed, and the median survival time which corre-
sponded to 50% survival was determined for each dose. The body weight
of animals was also monitored during the experimental period. In order to
exclude myelosuppression as a factor contributing to death, blood was
drawn through cardiac puncture after euthanasia and white blood cells,
platelets, and hemoglobin were measured in treated and control mice.

Fungal burden. Groups of 5 animals were treated with 50-mg/kg
D�1, 50-mg/kg D�1, and 6.25-mg/kg D�1 ruxolitinib dosing regimens
or a placebo as in survival studies for 3 days when samples were taken for
fungal burden, cytokines, and histology. These doses were chosen because
they were associated with the largest reduction, no significant difference,
and the largest increase in the median survival time (MST), respectively.
Three days of treatment was chosen in order to have a sufficient amount of
control animals because after this period control mice started to die; in
addition, it is a critical period of treatment, since after that period the
survival curves between control and treatment groups start to deviate.
After 3 days of treatment, all mice were sacrificed by cervical dislocation
after anesthesia and organs (kidneys, spleen, liver, lungs, and brain) were
aseptically removed and placed separately in 2 ml of sterile saline. After
mechanical homogenization, the homogenates were serially diluted in
sterile saline and 100 �l of each dilution was plated on SDA plates, fol-
lowed by incubation at 30�C for 24 h in order to determine the number of
viable colonies of C. albicans (expressed as CFU/g of tissue). The lowest
limit of detection was 20 CFU/g.

Cytokines. After 3 days of treatment with 50 mg/kg (D�1 and D�1
groups) and 6.25 mg/kg (D�1) of ruxolitinib or placebo, cohorts of 5
mice were anesthetized 24 h after the last dose and blood was collected via
cardiac puncture before euthanasia. Serum was collected after centrifuga-
tion at 4,000 � g for 10 min and stored at �70�C. Levels of gamma
interferon (IFN-	), TNF-
, interleukin 10 (IL-10), IL-4, IL-1�, and IL-6
in serum were measured by using Luminex xMAP technology and the
Milliplex Map cytokine/chemokine bead panel (Millipore, Athens,
Greece) in accordance with the manufacturer’s protocol. The principle of
this immunoassay is based on the capture of a specific cytokine to inter-
nally color-code microspheres with two fluorescent dyes which are coated
with a specific capture antibody. After the capture, a biotinylated detec-
tion antibody and streptavidin-phycoerythrin (PE) conjugate (reporter
molecule) are introduced, a laser excites the internal and the PE fluores-
cent dyes of the microspheres, and a digital-signal processor identifies
each individual microsphere and quantifies the result of its bioassay based
on the fluorescent reporter signals.

Histology. For histopathological examination, cohorts of 5 mice were
treated with different ruxolitinib dosing regimens or placebo for 3 days,
and after euthanasia, kidneys, lungs, liver, and brain were excised and
fixed in 10% neutral buffered formaldehyde. Paraffin-embedded tissues
were sectioned and stained with hematoxylin and eosin. The evaluation of
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inflammation for each individual mouse was based on a three-tiered grad-
ing system and was performed by two experienced pathologists in a
blinded fashion. Scoring of inflammation was based on the extent of in-
flammatory cell (neutrophils, lymphocytes, and macrophages) infiltra-
tion, as previously described (18). Tissues with no or minimal inflamma-
tory infiltration (less than 20% inflammatory cells) were graded as 1.
Grade 3 was given to severely inflamed organs (more than 50% inflam-
matory cells), and those samples in between were evaluated as grade 2 (20
to 50% inflammatory cells) (Fig. 1). For each individual mouse, the total
inflammation score was estimated as the sum of the scores of all examined
organs.

Statistics. Survival analysis was performed by using the Kaplan-Meier
test, and comparison between survival curves was performed by using the
log rank (Mantel-Cox) test. In addition, the mean and 95% confidence

interval of survival curves were reported at the end of treatment. Comparison
of fungal burden and cytokine levels among groups of mice was performed
with analysis of variance (ANOVA) after log transformation to approximate
normal distribution, followed by Bonferonni’s multiple-comparison test.
Differences among the inflammation scores of the groups were assessed using
Kruskal-Wallis test, followed by Dunn’s multiple-comparison test. A P value
of �0.05 was considered statistically significant.

RESULTS
Survival and treatment initiation time-finding studies. The me-
dian survival time (MST) of control mice was 5 days. Ruxolitinib
administered at 50 mg/kg D�1 resulted in decreased survival of
infected animals compared with that of control animals (P  0.02)

FIG 1 Typical photos from paraffin-embedded tissues with inflammation scores 1, 2, and 3, corresponding to progressive inflammation assessed by an
experienced pathologist blinded to the treatments.

FIG 2 Median survival times (A), survival curves (B), fungal burdens (C), and total inflammation scores (D) of mice treated with increasing doses of ruxolitinib
or placebo started 1 day before (D�1) or after (D�1) infection.
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(Fig. 2�, light gray bar). In contrast, the MST of mice treated with
the same dose of ruxolitinib 1 day after infection was not different
from that of control animals but was significantly increased com-
pared with that of the mice treated with ruxolitinib in the D�1
regimen (P  0.03) (Fig. 2�, first dark gray bar). Based on these
results, all subsequent experiments were performed with rux-
olitinib administered 1 day after infection. The mean (95% con-
fidence interval) at the end of treatment was 0% for all dosing
regimens except for 6.25 mg/kg (33%[28 to 34%]) and 3 mg/kg
(16% [16 to 35%]). The weights of spleens were significantly (P �
0.05) lower than in the placebo group only in the mice receiving
the 50-mg/kg D�1 regimen. Ruxolitinib administered at doses of
�50 mg/kg was not associated with any significant myelosuppres-
sive effect. In order to ensure reproducibility, the test with a group
of control animals and a group treated with the lowest dose of
ruxolitinib was repeated; the difference in median survival times
was �1 day. White blood cells, platelets, and hemoglobin in mice
treated with the highest dose were not different from those in
control mice (data not shown).

Survival and optimal dose-finding studies. Incremental dos-
ing of ruxolitinib resulted in significant differences in the MST of
infected mice (log rank test chi square  29.5; degrees of freedom 
8; P  0.0003), with a significant trend between MST and rux-
olitinib doses (log rank test for trend chi square  9.3; df  1; P 
0.0022). An inverted-U correlation between ruxolitinib dosing
and MST was observed when ruxolitinib was given at 1 day after
infection (Fig. 2�, dark gray bars). Progressive de-escalation of
ruxolitinib dosing resulted in increased MST. Intermediate doses
of ruxolitinib (25 to 12.5 mg/kg; D�1) resulted in increased MST
compared with that of the cohort of mice treated with the highest
dose (50 mg/kg; D�1) and placebo (P  0.03). A further decrease
in ruxolitinib dosing was associated with an even further increase
of MST, with the largest increase in MST compared to placebo
group observed with the dose of 6.25 mg/kg (P  0.009) (Fig. 2�).
The therapeutic benefit of ruxolitinib was lost after further reduc-
tion of the dose. Mice treated with very low doses of ruxolitinib
(1.5 to 3 mg/kg) had a decreased survival rate compared with that
of mice treated with the dose of 6.25 mg/kg and a survival rate
similar to that for control mice (P � 0.16). Among the different
dosing regimens, statistically significant differences were found
between the 50-mg/kg D�1 and each of the other regimens (P 
0.03 to 0.0001) and between 12.5 and 1.5 mg/kg (P  0.03). Thus,
the 6.25 mg/kg dose of ruxolitinib started 1 day after infection was
considered the optimal dose for treatment of septic mice. In con-
trast, the most detrimental effect on survival was observed with
high-dose ruxolitinib (50 mg/kg) administered 1 day before infec-
tion. Figure 2B shows the survival curves with the 50 mg/kg dose of
ruxolitinib started 1 day before or after infection and the 6.25 and
1.5 mg/kg doses of ruxolitinib started 1 day after infection. The
body weight of animals after an increase on day 1 declined on day
3 to 23 (22.5 to 24.5), 22 (22.5 to 24.5), and 20 (20 to 22) g in
animals treated with placebo, 6.25 mg/kg D�1 regimen of rux-
olitinib, and 50 mg/kg D�1 regimen of ruxolitinib, respectively
(data not shown).

Fungal load. Mice treated with the 50 mg/kg D�1 regimen of
ruxolitinib had a significantly higher fungal burden in all organs
tested than did control animals (P  0.0003) and mice treated
with the 6.25 mg/kg D�1 regimen of ruxolitinib (P  0.001) (Fig.
2C). In contrast, the mice treated with the 6.25 mg/kg D�1 regi-
men of ruxolitinib had a fungal load similar to that of the control

mice in all organs examined, including kidneys, liver, spleen,
brain, and lungs. Figure 2C shows the differences between the
sums of the Candida loads of all organs in each group.

Inflammation. Among the three groups of animals, the highest
total inflammation score was observed in the control group and
the lowest in animals treated with the 50 mg/kg D�1 regimen of
ruxolitinib, whereas the total inflammation score in organs of an-
imals treated with the 6.25 mg/kg D�1 regimen was between
those of the former two groups. The median (range among the
animals of each group) total inflammation scores were 9.5 (9 to
10) in control animals, 6 (5 to 7) in mice treated with the 50 mg/kg
D�1 regimen of ruxolitinib, and 8 (6 to 9) in mice treated with the
6.25 mg/kg D�1 regimen of ruxolitinib (Fig. 2D). The median
inflammation score in the low- and high-dose groups were 16%
and 38% lower than in the control group (P � 0.05), respectively.

Serum cytokine levels. The cytokine levels in healthy and in
infected mice treated with placebo or the 6.25 mg/kg D�1 or 50
mg/kg D�1 regimens of ruxolitinib were estimated. Results of
one-way analysis of variance for each cytokine are shown in Fig. 3.
Significant differences were found for TNF-
 (P � 0.0001) and
IL-10 (P  0.0057), with cytokine levels higher in mice treated
with the 50 mg/kg D�1 regimen of ruxolitinib than in the control
and the 6.25 mg/kg D�1 group. As a measure of proinflammatory
and anti-inflammatory cytokine balance, the IL-10/TNF-
 ratio
was estimated separately for each infected mouse treated with pla-
cebo and the 6.25 mg/kg D�1 or 50 mg/kg D�1 regimens of
ruxolitinib. The median ratios in these groups were 0.1, 1, and 10,
respectively. This difference in IL-10/TNF-
 ratio was significant
(ANOVA, P  0.034; posttest for linear trend, P  0.013), indi-
cating that increased or reduced IL-10 compared to TNF-
 levels
are detrimental for survival, whereas equal amounts are optimal
(Fig. 4).

DISCUSSION

In the present study, we investigated whether a drug that blocks
the cytokine signal cascade could work as an inflammation con-
troller during sepsis in an experimental Candida infection, and we
found that administration of a high dose of ruxolitinib (50 mg/kg)
1 day before infection resulted in decreased median survival time
(MST) compared with that in control mice, associated with an
inappropriate downregulation of the inflammatory response and
some kind of immunosuppression leading to death due to Can-
dida overgrowth. In contrast, administration of a high dose of
ruxolitinib 1 day after infection, which is a more clinically relevant
scenario, resulted in an MST comparable to that of the control
group. Furthermore, progressively decreasing doses of ruxolitinib
resulted in a gradual increase in MST, with an optimal dose of 6.25
mg/kg corresponding to the highest MST. Further decrease in
dosing, at less than the optimal, was associated with a decrease in
MST to one comparable to that in control mice. Interestingly,
mice treated with a high dose of ruxolitinib had significantly less
inflammation and higher fungal loads than control animals. On
the other hand, mice treated with the optimal dose had less in-
flammation than controls but similar fungal loads. �nflammation
helps to control infection, but at the same time, it can have a
detrimental effect due to excessive tissue injury. Intense inhibition
of the inflammatory process, especially when it occurs before in-
fection, might prevent organ damage but lead to death due to
Candida overgrowth, as observed in the present study for the
high-dose group treated with the D�1 regimen. Thus, only an
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appropriate degree of inflammation is necessary for controlling
the infection. Indeed, at the optimal dose, ruxolitinib controlled
the infection and prolonged survival with less inflammation than
in control animals but more inflammation than with high-dose
ruxolitinib.

Mice treated with high-dose ruxolitinib had significantly
higher serum TNF-
 and IL-10 levels than did control animals.
The IL-10/TNF-
 ratio was estimated in mice from different
groups as a measure of proinflammatory and anti-inflammatory

cytokine balance. In human studies, the IL-10/TNF-
 ratio has
shown a good correlation with survival of patients with sepsis
(19). High ruxolitinib doses resulted in a 2-log increase of the ratio
compared to that in controls. Optimal ruxolitinib dosing pro-
duced an IL-10/TNF-
 ratio of 1, between the corresponding ra-
tios in controls and in mice treated with the high dose of rux-
olitinib, further proof of the concept that a balance between
proinflammatory and anti-inflammatory signaling is required for
a successful outcome. In accordance with our studies, human

FIG 3 Cytokine levels in healthy, infected mice treated with placebo (control group) and infected mice treated with 6.25 mg/kg of ruxolitinib started 1 day after
infection or 50 mg/kg of ruxolitinib started 1 day before infection. Results of one-way analysis of variance are shown for each cytokine.

FIG 4 IL-10/TNF-
 ratios in sera of healthy, infected mice treated with placebo (control group) and infected mice treated with 6.25 mg/kg of ruxolitinib started
1 day after infection (D�1) and 50 mg/kg of ruxolitinib started 1 day before infection (D�1). Results of one-way analysis of variance are shown together with the
posttest for linear trend.

JAK Inhibitor Therapy in Experimental Candida Sepsis

December 2015 Volume 59 Number 12 aac.asm.org 7371Antimicrobial Agents and Chemotherapy

http://aac.asm.org


studies showed that a IL-10/TNF-
 ratio close to 1 at 48 h after
admission to ICU was associated with increased survival (19).

In vitro gene expression studies have shown that TNF-
 is
highly increased at an early phase when human monocytes en-
counter C. albicans (20). Indeed, inhibition of endogenous TNF-

through anticytokine antibodies is associated with decreased sur-
vival in an animal model of Candida sepsis (21). In contrast, a
posttranscriptional late modulation of Toll-like receptor 2-de-
rived signals to C. albicans appears to mediate increased produc-
tion of IL-10 (22). Hypersecretion of an anti-inflammatory cyto-
kine, such as IL-10, might result in severe immunosuppression,
which is a major cause of death for patients with sepsis. The late
immunosuppressive phase of the septic process should be taken
into consideration in any immune-modulating intervention.
These data are in agreement with observations from ex vivo studies
showing the deleterious effect of increased IL-10 activity on hu-
man monocyte function against serum-opsonized Candida albi-
cans (23). Data from mouse models showed that exogenous ad-
ministration of IL-10 resulted in decreased survival, while the
opposite was observed after neutralization of endogenous IL-10
(24). IL-10 inhibits production of proinflammatory cytokines
through the JAK/STAT3-signaling pathway. Inhibition of JAKs
increases secretion of proinflammatory cytokines due to its ability
to block IL-10-mediated feedback inhibition on cytokine tran-
scription. Data from animal studies showed that the initial wave of
IL-10 secretion was independent of JAK signaling. However, pro-
longed inhibition of JAKs resulted in reduced IL-10 secretion at
later time points, thus preventing the excessive immunosuppres-
sion observed during the late phase of sepsis (25).

Based on these data, we assume that any immune-modulating
intervention in sepsis should take into consideration the immu-
nosuppressive phase that may be exacerbated by an uncontrolled
inhibition of the early hyperinflammatory phase. Ruxolitinib ful-
fills the above requirements, since it produces a global modulation
in the action of the vast majority of both proinflammatory and
anti-inflammatory cytokines through the JAK pathway. Although
we used a Candida sepsis model, we believe that sepsis due to other
organisms may have the same response to ruxolitinib, as the JAK
pathway is universal in the response to various organisms and the
creation of septic shock. This, however, has also to be demon-
strated in animal models with other pathogens. The optimal rux-
olitinib dose may differ for different Candida strains, species, and
infection models given the pharmacokinetic variability and sever-
ity of infection.

In conclusion, the results of our study suggest that low-dose
ruxolitinib administered early after initiation of Candida sepsis is
a promising option that needs to be further investigation for dif-
ferent Candida species and animal models in combination with
antifungals drugs. In future trials with patients with severe sepsis
or septic shock, the effect of immune-modulating agents could be
investigated in a time- and dose-specific manner with the aim of
finding an optimal way of administration in order to avoid the
excessive inflammatory reaction and the resulting organ damage
but without compromising pathogen clearance.
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