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Abstract:

We used thrombopoietin receptor agonists (TPO-RAs) to treat immune thrombocytopenia (ITP) and aplas-
tic anemia (AA). Molecular structures and methods of action differ among TPO-RAs; therefore, switching to
another may be beneficial if one fails. In elderly people, planning and attending outpatient visits may compli-
cate weekly subcutaneous romiplostim delivery. In two cases, the patient was initially unresponsive to eltrom-
bopag, so we switched to romiplostim and then switched back due to hospital visits, which resulted in stabi-
lizing platelet counts. We suggest better management techniques for patients, as ITP and AA require long-
term management, which becomes increasingly challenging with increasing patient age.

Key words: aplastic anemia, eltrombopag, immune thrombocytopenia, romiplostim, thrombopoietin receptor

agonist

(Intern Med Advance Publication)
(DOI: 10.2169/internalmedicine.5412-25)

Introduction

Immune thrombocytopenia (ITP) and aplastic anemia
(AA) are autoimmune disorders that cause thrombocy-
topenia. Current guidelines indicate that, for ITP, if a patient
fails to respond successfully to corticosteroid treatment as
first-line therapy, thrombopoietin receptor agonists (TPO-
RAs), rituximab, or splenectomy are viable second-line ther-
apy options (1). The combination of a TPO-RA and im-
munosuppressive therapy is known to enhance the response
rate of elderly AA patients ineligible for allogeneic hema-
topoietic stem cell transplantation (2, 3). TPO-RAs are ef-
fective against severe AA unresponsive to the first immuno-
suppressive therapy and can treat three types of blood cells,
including platelets (4).

In Japan, the available TPO-RAs for the treatment of
these disorders are eltrombopag and romiplostim. These two
TPO-RAs have distinct three-dimensional structures and dif-
ferent mechanisms of action. Eltrombopag interacts with the

transmembrane domain of the TPO receptor, resulting in its
activation (5). In contrast, romiplostim stimulates TPO-R by
attaching to its extracellular domain (6). The strategy of
switching to a different TPO-RA after the patient exhibits
resistance to treatment has shown efficacy in both ITP and
AA, even though different pathological mechanisms are in-
volved (7, 8). Eltrombopag is an oral drug, whereas romi-
plostim is administered via weekly subcutaneous injection,
which necessitates outpatient visits due to the prohibition of
self-administration in Japan. In our clinical experience, the
frequency of hospital visits can pose challenges to some pa-
tients, leading to compliance issues.

We herein report two cases of ITP and AA in which the
patients became resistant to eltrombopag, switched to romi-
plostim, and then switched back to eltrombopag due to diffi-
culties in hospital visits, ultimately achieving positive re-
sponses to treatment.
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Case Reports

Case 1

An 89-year-old woman had been diagnosed with ITP 5
years prior and was receiving eltrombopag at 25 mg/day.
She was hospitalized after a fall that resulted in a fracture of
the left femoral trochanter. She underwent osteosynthesis
surgery; however, her platelet count decreased postopera-
tively. Consequently, the attending physician increased the
eltrombopag dose to 37.5 mg/day, and prednisolone was
added at 20 mg/day, but her condition did not improve, so
she was transferred to our hospital (Day 1). At the time of
transfer, the platelet count had decreased to 8x10°/L, and 10
units of platelet transfusion were administered. Following
the transfer, we increased the prednisolone dose to 40 mg/
day and switched from eltrombopag to romiplostim at a
dose of 1 ug/kg, gradually increasing to 10 pg/kg over a
month. The platelet count increased to over 30x10°/L, with a
maximum recorded value of 152x10°/L. On Day 149, the
patient suffered a tumble, leading to fracture of the right
femoral neck, and she subsequently underwent osteosynthe-
sis again. However, continuous administration of romi-
plostim (with oral prednisolone) did not significantly lower
her platelet count, enabling her to continue rehabilitation
and leave the hospital. Subsequently, she expressed concerns
about the difficulty of hospital visits. As a result, on Day
1,401, we switched romiplostim back to eltrombopag at 25
mg/day. Since then, the platelet count has stabilized at 30-
100x10’/L, and the patient has consistently improved with-
out complications (FigureA).

Case 2

An 86-year-old woman with severe AA and paroxysmal
nocturnal hemoglobinuria (PNH)-positive red blood cells
(0.11% positivity on 2-color flow cytometry) (9) had experi-
enced a fall approximately 1 month earlier. This incident re-
sulted in a fracture of the left pubic bone, necessitating hos-
pitalization. She was treated conservatively at the previous
hospital and then transferred to our hospital for rehabilita-
tion (Day 1). Following the diagnosis of AA, she underwent
immunosuppressive therapy with cyclosporine, as the risk of
adverse effects made anti-thymocyte globulin unsuitable.
However, the treatment was ineffective. The attending physi-
cian recommended the administration of eltrombopag, but
she declined this option because of concerns regarding pos-
sible side effects. Supportive therapy was therefore provided
weekly, accompanied by 10 platelet transfusions, maintain-
ing a platelet count of 10x10°/L. Monthly transfusions of 2
units of red blood cells maintained a hemoglobin level of
7.0 g/dL. Her doctors prescribed rivastigmine and esomepra-
zole for comorbidities, such as Alzheimer’s dementia and
gastroesophageal reflux disease. Following hospitalization
for a left pubic bone fracture, she consented to eltrombopag
treatment. Administration of eltrombopag at 75 mg/day suc-
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cessfully maintained a platelet count of >10x10°/L without
requiring blood transfusion. Following transfer to our hospi-
tal (after Day 1), we monitored the patient without perform-
ing red blood cell or platelet transfusion support therapy for
AA, and the patient showed favorable recovery without
complications. After discharge from the hospital, a decrease
in the platelet count indicated diminished responsiveness to
eltrombopag. Therefore, she was switched to romiplostim on
day 144, with the dosage was increased from 10 to 20 pg/kg
over a 3-month period. Subsequently, the platelet count in-
creased to 10-30x10°/L. However, the patient expressed con-
cerns about the inconvenience associated with the frequency
of hospital visits. As a result, we switched the treatment
regimen back on Day 462, from romiplostim to eltrombopag
at a daily dosage of 100 mg. The platelet count subse-
quently stabilized at 20-30x10°/L without a notable decline,
and the patient has been progressing well without complica-
tions (FigureB).

Discussion

We successfully switched to romiplostim for an ITP pa-
tient and thrombocytopenia for a patient with severe AA
who had become unresponsive to eltrombopag. However, we
encountered situations in which frequent hospital visits
posed challenges owing to the advanced age of the patients,
necessitating switching back to eltrombopag. To our knowl-
edge, this report represents the first description of the suc-
cessful reswitching of TPO-RAs for ITP and AA.

In relation to TPO-RA switching, the response rate has
been reported to be 46% when switching from romiplostim
to eltrombopag and 80% when switching from eltrombopag
to romiplostim in ITP patients (7). Furthermore, in AA pa-
tients, the response rate for >1 blood cell type was 76%,
while that for platelet count alone was 48%, following a
switch from eltrombopag to romiplostim (8). As previously
stated, eltrombopag and romiplostim have distinct molecular
structures and mechanisms of action (5, 6). Furthermore,
these drugs affect intracellular signaling pathways in differ-
ent ways. For example, eltrombopag has a smaller impact on
the Janus kinase (JAK)-signal transducer and activator of
transcription (STAT) pathway than does romiplostim. How-
ever, both drugs activate the serine/threonine kinase (AKT)
and mitogen-activated protein kinase (MAPK)/extracellular
signal-regulated kinase (ERK) pathways, with romiplostim
activating the AKT and MAPK/ERK pathways to a lesser
extent. In contrast, eltrombopag activates both pathways
equally (10). The different stimulatory
megakaryocyte formation may be due to differences in the
signal transduction cascades. romiplostim
mainly increases the number of megakaryocytes, whereas el-
trombopag aids megakaryocyte maturation and platelet pre-
cursor growth (10). These different mechanisms of action
shed light on why patients resistant to one TPO-RA may re-
spond to another.

The reasons for the refractoriness of TPO-RA remain in-

effects on

In summary,
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adequately understood. Based on previous findings, re-
searchers have proposed that the two TPO-RAs exhibit un-
equal efficacy and that the cause of TPO-RA non-response
may be inadequate dosage (7, 11). Furthermore, as evidence
in support of this hypothesis, a case involving a refractory
AA patient who exhibited no response to eltrombopag at 75
mg/day but achieved a positive response to 150 mg/
day (12). In the two cases discussed here, the initial ineffec-

tiveness of eltrombopag necessitated switching to romi-
plostim, which produced favorable outcomes.

The reassertion of eltrombopag efficacy in the present
case may be explained by several reports of long-term re-
mission after cessation of TPO-RAs in patients with ITP or
AA (13-17). One study suggested that this phenomenon may
be attributable to increased levels of total circulating trans-
forming growth factor (TGF)-B1, improvements in the quan-
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tity and functionality of regulatory T lymphocytes, and the
restoration of immune tolerance to platelet autoantibod-
ies (18, 19). Therefore, we hypothesized that eltrombopag,
despite its previously ineffective dosage, may have exhibited
a response.

In conclusion, we presented two cases of patients with
ITP and severe AA who were switched from eltrombopag to
romiplostim due to insufficient efficacy and then switched
back to eltrombopag. This report provides insights into treat-
ment strategies that are beneficial for ITP and AA patients,
who may be challenging to manage in clinical practice.
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Introduction

Sepsis-associated encephalopathy (SAE) shows diffuse dysfunctions. Hosseini et al.
recently suggested that minocycline could be an effective medication for avoiding
neurological complications associated with sepsis. They demonstrated that in a murine
model of lipopolysaccharide (LPS) treatment, minocycline attenuated the brain
inflammation and oxidative stress induced by sepsis in a dose-dependent manner
(Hosseini et al., 2024). We have previously established that minocycline modulates the
production of inflammatory cytokines and chemokines by inhibiting inhibitor of
nuclear factor kB (IkB) kinase (IKK)a/P, a downstream signaling molecule of Toll-
like receptor 4 (TLR4), in LPS-stimulated THP-1 cells (Tai et al., 2013). Based on these
results, we suggest that minocycline helps the body by affecting sepsis-related brain
inflammation, which is mainly controlled by microglia through TLR4-dependent
pathways. This study evaluates the significance of combination therapy for SAE in
two key aspects: first, the combination of minocycline with fluoroquinolones. The
distinct mechanisms of action—where fluoroquinolones obstruct the upstream
signaling pathway of sepsis (TLR4/MD-2 complex formation) and minocycline
inhibits the downstream pathway (IKKa/p phosphorylation)—support the
hypothesis that targeting various points within the same pathway amplifies the
modulatory effect on neuroinflammation. Secondly, combination therapy utilizes
minocycline alongside additional signal transduction pathway inhibitors. The
pathophysiology of SAE encompasses the TLR4/NF-kB pathway as well as various
signal transduction pathways, including mitogen-activated protein kinase (MAPK),
Janus kinase/signal transduction and activator of transcription (JAK/STAT), and Nod-
like receptor protein 3 (NLRP3) inflammasome, among others. Therefore, we
investigated the potential of a multifaceted therapeutic strategy that integrates
inhibitors aimed at each of these signaling pathways. The combination strategies
outlined in this research are grounded in a theoretical framework established from
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TABLE 1 Key studies on the role of minocycline and fluoroquinolones in neuroinflammation.

10.3389/fphar.2025.1691613

Authors Study Experimental model  Key findings Relevance to this study

(year) type

Minocycline

Hosseini et al. In vivo Mouse LPS sepsis model Minocycline decreased brain inflammation and | This offers concrete data supporting the hypothesis

(2024) oxidative stress in a dose-dependent fashion and | of this study, specifically that minocycline inhibits
facilitated recovery in mice septic neuroinflammation

Tai et al. (2013) | In vitro Human monocyte-like cell line = Minocycline inhibited the synthesis of This provides direct evidence for the mechanism

(THP-1 cells) inflammatory cytokines triggered by LPS suggested in this study, specifically that

stimulation. This effect was facilitated by the minocycline inhibits downstream signaling of the
suppression of IKKa/p phosphorylation TLR4/NF-«B pathway
downstream of TLR4

Zou et al. (2025) | In vivo/ Mouse Staphylococcus aureus Minocycline demonstrated neuroprotective This article is crucial for illustrating the variety of

in vitro infection model/microglia cells benefits through the modulation of the TLR2 and | mechanisms of action and broadening the

STAT3 pathways discussion to pathways beyond TLR4

Yrjanheikki et al. | In vivo Rat cerebral ischemia model Minocycline inhibited microglial activation and | A notable piece of evidence indicates that

(1998) caspase-1 expression following cerebral ischemia, | minocycline has been recognized for its role as an
exhibiting neuroprotective effects inhibitor of microglial activation for an extended

period

Fluoroquinolone

Zusso et al. In vitro Primary cultured microglia Ciprofloxacin and related drugs interact with the | This presents significant evidence supporting the

(2019) TLR4 co-receptor MD-2, blocking the assembly of | combination therapy concept that
the LPS-TLR4 complex and thereby reducing NF- | fluoroquinolones impede the upstream TLR4/NF-
kB activation and cytokine synthesis kB pathway

current literature. This paper proposes a novel therapeutic idea,
the efficacy and safety of which necessitate thorough validation
through future preclinical and clinical trials.

Pathophysiology of cytokine storms:
from PAMP/DAMP recognition to
inflammatory cell death

In sepsis, manifestation of a cytokine storm represents a critical
and life-threatening situation. Factors that can trigger a cytokine
storm include the interaction between pathogen-associated
molecular patterns (PAMPs), like LPS from pathogens, and
damaged cell-associated molecular patterns (DAMPs), which are
produced after cells die or get hurt, along with pattern recognition
receptors (PRRs). This interaction results in the overproduction of
inflammatory cytokines in mammals. Cytokines are closely linked to
mammalian cell death mechanisms, where cytokine signaling or
PAMP/DAMP recognition can initiate inflammatory cell death.
This process enhances the release of pathogenic cytokines via a
positive feedback loop, ultimately resulting in the cytokine storm
and causing serious damage to host tissues and organs, potentially
leading to death (Karki and Kanneganti, 2021). In a mouse model
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection, hemophagocytic lymphohistiocytosis, and sepsis,
blocking tumor necrosis factor-alpha (TNF-a) and interferon-
(IFN-y) death

development of cytokine storm (Karki and Kanneganti, 2021).

gamma prevents cell and reduces the
These data suggest that inhibiting the overproduction of
inflammatory cytokines is crucial to improving the prognosis

of sepsis.
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Mechanism of action of minocycline
and fluoroquinolones through the

inhibition of the TLR4/NF-kB pathway

Monocytes, macrophages, and microglia express PRRs such as
TLR4, which identify PAMPs and DAMPs sepsis,
subsequently generating inflammatory cytokines and chemokines via

during

intracellular signaling pathways. In SAE, microglia serve a crucial role in
neuroinflammation. The role of TLR4 in neuroinflammation is context-
dependent and not uniform. A study has indicated that TLR4 activation
may confer neuroprotective effects under specific circumstances
(Radpour et al, 2022). In Gram-negative bacterial sepsis, increased
TLR4 activation induced by LPS, a principal component of Gram-
negative bacteria, is regarded as a key contributor driving the detrimental
neuroinflammatory cascade seen in SAE.

In an LPS sepsis model utilizing THP-1 cells as a monocyte
surrogate, we demonstrated that minocycline dose-dependently
inhibited the production of inflammatory cytokines such as TNF-q,
interleukin (IL)-6, and IFN-y, as well as chemokines including IL-8 and
interferon-inducible protein (IP)-10 (Tai et al, 2013). The
immunomodulatory effects of minocycline extend beyond the
previously reported LPS-stimulated THP-1 cell model and the LPS
sepsis mouse model described by Hosseini et al. The neuroprotective
effects and anti-inflammatory properties have been investigated for
decades across many disease models. Likewise, the immunomodulatory
effects of fluoroquinolones have been reported. To elucidate the context
of the discussion in this study, we summarize the pertinent research
findings below (Table 1). According to Table 1, the neuroprotective
effects of minocycline are multifaceted, indicating that its mechanism of
action is not restricted to the inhibition of the TLR4 pathway by LPS
stimulation but also involves the TLR2 pathway in response to
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stimulation by various pathogens (Staphylococcus aureus) (Zou et al.,
2025). Moreover, it has been established that the activation of microglia
can be inhibited in non-infectious conditions, such as cerebral ischemia
(Yrjanheikki et al, 1998). The consistent findings indicating that
minocycline mitigates neuroinflammation across multiple models
support its potential as a treatment candidate for SAE. This study
concentrates on the TLR4 pathway, crucial in Gram-negative bacterial
sepsis associated with LPS. Fluoroquinolones represent a theoretically
advantageous upstream inhibitor for minocycline. We suggest an
innovative treatment theory utilizing fluoroquinolones that inhibit
upstream TLR4 signaling by binding to the TLR4 co-receptor, MD-
2, thereby preventing the formation of the LPS-TLR4 complex (Zusso
et al,, 2019). This unique approach, focusing on the first phase of the
signaling cascade, complements minocycline’s effect on the
downstream pathway (IKKa/p phosphorylation) (Tai et al, 2013).
This dual-target strategy constitutes the fundamental justification for
our proposed combination.

Antibacterial efficacy of the
combination use of tetracycline and
fluoroquinolone

Minocycline and fluoroquinolones exhibit considerable overlap
in their antimicrobial spectra, and our literature review failed to find
any definitive evidence concerning their synergistic antimicrobial
activity; however, we found several studies of efficacy in specific
situations (Supplementary Table S1). It is important to acknowledge
that these clinical instances do not directly pertain to SAE. Although
they present intriguing instances illustrating the possible advantages
of combining tetracycline and fluoroquinolone drugs, their
pathophysiology circumstances markedly diverge from SAE.
Therefore, caution must be observed when generalizing these
findings to the management of SAE.

Stenotrophomonas maltophilia exhibits significant susceptibility
to trimethoprim-sulfamethoxazole (TMP/SMX), the primary
therapy. The IDSA guidelines recommend the combination of the
following medications for S. maltophilia: TMP/SMX, minocycline,
levofloxacin, cefiderocol, or the combination of ceftazidime/
avibactam and aztreonam (Tamma et al., 2024).

In the context of brucellosis treatment, patients receiving the
doxycycline-rifampin combination therapy had a significantly
higher recurrence rate than those receiving doxycycline-rifampin-
levofloxacin combination therapy (22.6% vs. 9.3%, p-value = 0.01).
The incidence rate of treatment-related side effects did not exhibit a
statistically significant difference (20.4% vs. 11.3%, p-value = 0.059)
(Hasanain et al., 2016).

In comparison to levofloxacin monotherapy, the combination of
minocycline and levofloxacin markedly postponed the development
of levofloxacin-resistant strains in clinical isolates of Elizabethkingia
anophelis and inhibited the establishment of DNA gyrase mutations
even after numerous passages (Lee et al., 2024).

A randomized controlled trial of Helicobacter pylori eradication
therapy demonstrated that a four-drug regimen incorporating
tetracycline and levofloxacin as a salvage therapy for primary
treatment failure significantly enhanced eradication rates compared
to the standard four-drug regimen of clarithromycin and amoxicillin
(82.1% vs. 70.1%, P = 0.0001) (Alavinejad et al., 2023).
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Japanese spotted fever (JSF), a rickettsial illness, exemplifies
sepsis by inducing an excessive release of inflammatory cytokines
and chemokines during disease onset (Tai et al., 2014). In a recent
meta-analysis of body temperature data from JSF case reports, we
identified a significant hypothermic effect in the tetracycline and
fluoroquinolone combination group in comparison to the
tetracycline monotherapy group. This serves as a specific example
of clinical cases receiving the combination of tetracycline and
fluoroquinolones (Itoh et al., 2023).

Although there is no established evidence that the combination
of tetracycline and fluoroquinolones augments antibacterial efficacy
concerning SAE, it is intriguing to observe that the benefits of
combining these two antibiotics have been demonstrated in several
clinical cases.

A framework for combination therapy
targeting interconnected signaling
networks in SAE

The TLR4/NF-«B pathway is a vital starter in the pathogenesis of
SAE, operating within a complex, interrelated signaling network. To
enhance treatment efficacy, it is essential to acknowledge the broader
network that includes the major MAPK, JAK/STAT, and
NLRP3 inflammasome pathways (Chen et al, 2020; Ren et al,
2020). Figure 1 depicts
related to SAE.

These pathways establish a harmful feedback loop. Activation
of TLR4 can initiate the MAPK pathway, which enhances
cytokine production. These cytokines subsequently stimulate
the JAK/STAT pathway, functioning as a potent “amplification

the principal signaling pathways

loop” for the inflammatory response. Concurrently, danger

signals arising from cellular damage can trigger the
NLRP3 inflammasome, resulting in the generation of powerful
cytokines such as IL-1P and IL-18. The suppression of each of
these pathways has exhibited neuroprotective effects in
preclinical SAE models (Liu et al., 2022; Bhadauriya et al,
2025; Chen et al., 2020; Zhong et al., 2020).

Given the significant interplay among various systems, a
multifaceted therapeutic strategy is a more logical approach than
focusing on a singular channel. We offer a strategy for combination
therapy that concurrently targets both the “initiation signals” and
the “amplification signals” of neuroinflammation. For instance, the
combination of minocycline (a modulator of the TLR4 pathway)
with a JAK inhibitor could simultaneously reduce the initial
cytokine-mediated

method may provide substantial

inflammatory  stimulus and the next

amplification loop. This
neuroprotective effects that monotherapy cannot provide. This
idea necessitates validation in forthcoming trials to ascertain the
efficacy and safety of these combination treatments in pertinent

SAE models.

Adverse events (particularly in
antibiotics)

A cohort study revealed that the median age (IQR) of 2,780 SAE
patients was 67 (56-76.8) (Lu et al, 2023). Another study into
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FIGURE 1

Schematic illustration of principal neuroinflammatory signaling pathways and treatment targets in septic encephalopathy (SAE). This illustration
depicts the interactions among the three principal inflammatory signaling pathways (TLR4/NF-«xB, NLRP3 inflammasome, and JAK/STAT) implicated in
the pathogenesis of SAE, along with the pharmacological targets for these pathways. TLR4/NF-xB signaling pathway: Bacterial-derived
lipopolysaccharides (LPS) interact with the TLR4/MD2 complex, initiating intracellular signaling pathways that result in the nuclear translocation of

the transcription factor NF-kB. This facilitates the transcription of inflammatory cytokines and the precursors of NLRP3 inflammasome substrates, pro-IL-
1B and pro-IL-18 (priming signal). Fluoroquinolone drugs (ciprofloxacin, levofloxacin) obstruct the interaction of LPS with TLR4 at the proximal segment
of this route. This pathway also stimulates the MAPK pathway, which is inhibited by p38 MAPK inhibitors. NLRP3 inflammasome: NLRP3 assembles an
infammasome complex with ASC and caspase-1 in response to diverse intracellular stressors. Activated caspase-1 cleaves pro-IL-1p and pro-IL-18,
resulting in the production and release of the potent inflammatory cytokines IL-1p and IL-18 (activation signal). NLRP3 inhibitors impede the assembly of
this complex. JAK/STAT signaling pathway: Inflammatory cytokines (IL-6, IFN-y, etc.) generated by NF-«B attach to cell surface receptors, activating JAKs
linked to these receptors, which subsequently phosphorylate STATs. Activated STATs dimerize and translocate to the nucleus, facilitating the synthesis of
supplementary inflammatory cytokines. This operates as a positive feedback loop that significantly enhances the inflammatory response. JAK inhibitors
are proposed to obstruct JAK activation, whereas minocycline may impede receptor activation by cytokines. This illustration visually represents the
theoretical foundation for "multimodal combination therapy,” which integrates pharmacological agents with distinct modes of action to tackle the
intricate pathophysiology of SAE. ASC, apoptosis-associated speck-like protein containing caspase recruitment domain; ERK, extracellular signal-
regulated kinase; IFN-y, interferon-gamma; IkBa, inhibitor of nuclear factor kappa-B kinase alpha; IKKa/f, IkB kinase alpha/beta; IL-6, interleukin-6; IRAK,
IL-1 receptor-related kinase; JAK, Janus kinase; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase; MEKK, mitogen-activated
protein/ERK kinase kinase; MD2, myeloid differentiation factor 2; MKK, mitogen-activated protein kinase kinase; MyD88, myeloid differentiation factor
88; NEK7, NIMA-related protein kinase 7; NF-kB, nuclear factor kappa-B; NLRP3, Nod-like receptor protein 3; PKR, double-stranded RNA-activated
protein kinase; STAT, signal transduction and activator of transcription; Syk, spleen tyrosine kinase; TAK1, transforming growth factor-f-activated kinase
1; TIR, Toll/interleukin-1 receptor; TIRAP, TIR domain-containing adaptor protein; TLR, toll-like receptor; TRAF, tumor necrosis factor receptor
associated factor; TRAM, TRIF-related adaptor molecule; TRIF, TIR domain-containing adaptor protein inducing interferon-p. The figure was created
using BioRender (https://biorender.com/).
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pediatric SAE revealed that children exhibit heightened vulnerability
to metabolic irregularities typically observed in PICUs, thereby
elevating their risk of developing SAE relative to adults. The
limited incidence of reported cases and fatalities from pediatric
SAE is largely attributable to underreporting or underdiagnosis,
underscoring this as a significant clinical concern (Dumbuya et al.,
2023).  Furthermore, expressed
apprehensions over adverse events linked to the use of antibiotics
in pediatric SAE patients (Chen et al., 2022; de Aratjo et al., 2022;
Gong et al., 2022; Dumbuya et al., 2023).

numerous studies  have
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Minocycline may result in tooth discoloration, enamel

hypoplasia, and temporary bone growth abnormalities in
children, particularly those under 8 years of age during dental
development, as indicated in the manufacturer’s package insert.
Moreover, fluoroquinolones may impact joints and cartilage
throughout pediatric development, and their administration in
children is strictly prohibited save for specific exceptions (e.g.,
tosufloxacin). Furthermore, concerns regarding adverse events in
geriatric patients, including tendinopathy and central nervous
system effects, are extensively reported and restrict their
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application in another significant SAE demographic. The
substantial safety issues, especially in at-risk pediatric and
geriatric groups, provide a considerable obstacle to the clinical
implementation of this suggested combination therapy and must
be carefully evaluated against any potential advantages. As a
result, meticulous selection and use of antibiotics are crucial for
pediatric patients.

Secondly, the risk of antibiotic resistance arising from
microbiome perturbations is a universal concern for all

antimicrobial ~ drugs, and the significance of cautious
acknowledged.

concurrent use of two or more antibacterial agents increases the

antimicrobial usage is widely Specifically,
likelihood of adverse effects. This encompasses significant
disruptions of the gut microbiota, potentially resulting in
problems such as Clostridioides difficile infection, and may have
enduring effects on host immunity. Moreover, the synergistic
pressure of two antibiotics might expedite the emergence and
selection of multidrug-resistant organisms, a significant public
health issue. Therefore, the unnecessary application of such
combination antimicrobial therapy must be stringently avoided
and should only be contemplated when a definitive, significant

advantage is expected.

Limitations

This document aims to suggest a novel treatment hypothesis
grounded in existing knowledge, rather than to present new
experimental results. Minocycline and fluoroquinolones may
have synergistic effects in protecting against sepsis-associated
neuroinflammation through distinct mechanisms. However,
there is presently no direct experimental evidence, so this
suggestion remains a working hypothesis at present. This
remains a hypothesis that necessitates further validation via
such studies as animal experiments using the SAE model mice
and clinical trials Tetracycline and
target of the
TLR4 pathway; nonetheless, SAE entails intricate interactions

involving humans.

fluoroquinolones distinct  components
with additional signaling pathways. Thus, it is essential to
evaluate solutions that address not only the impacts on the
TLR4 pathway but also more extensive modes of action. The
pathophysiological mechanisms of JSF and other bacterial
situations, and SAE are distinct, thereby restricting the
relevance of the data to SAE.

Conclusion

We suggest a mechanism via which minocycline exerts an
inhibitory effect on neuroinflammation in SAE. This study
primarily identified the inhibitory mechanism as depending on
the TLR4 signaling pathway. Ultimately, this paper presents a
hypothesis-generating proposal that is intended to promote
additional research. Future research is expected to examine
therapeutic possibilities that involve the manipulation of various
signaling pathways associated with SAE and to substantiate the
notions outlined above.
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Medical imagery
terial pneumonia (Day 1). On Day 5, blood cultures showed fun-
A 73-year-old female with rheumatoid arthritis-related intersti- ~ al growth. The colonies were flat, with a powdery or velvety tex-
tial pneumonia was hospitalized due to fever and suspected bac-  ture and a yellowish-brown to sandy color (Figure 1A). Microscopic

Figure 1. (a) Fungal colonies cultivated on bromothymol blue agar that were derived from blood cultures. (b) Microscopic image of Paecilomyces variotii stained with lac-
tophenol cotton blue taken at a higher magnification (200x).
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analysis demonstrated that the conidia had a dense, vertically ori-
ented configuration of phialides, which were cylindrical or oval,
tapering sharply to a lengthy cylindrical neck (Figure 1B). Further-
more, mass spectrometry (BD Bruker MALDI Biotyper Sirius system
[Becton, Dickinson, and Company]) identified the isolated fungus
as Paecilomyces variotii (score value: 2.00).

The spores of P. variotii are irregularly branched with brush-
like conidia and apical phialides. The phialides have a swollen base
that gradually narrows to a pointed apex [1]. Paecilomyces mainly
comprises P. variotii and Paecilomyces lilacinus. However, P. lilacinus
was reclassified as Purpureocillium lilacinum in 2011 [2]. P. variotii
colonies are yellowish-brown [3], whereas P. lilacinum colonies are
light purple/pink [2], allowing for their differentiation. Fungemia
due to P. variotii is rare (Table S1); it has been mainly reported in
cases with pneumonia or peritonitis in immunocompromised in-
dividuals, diabetic patients, or those undergoing continuous peri-
toneal dialysis [1]. Although our patient received no antifungals,
the symptoms ameliorated and there was no recurrence, indicat-
ing she was a carrier [4]. We believe she contracted P. variotii
through the respiratory tract, the main infection route, despite a
negative sputum culture [5]. Bloodstream infections due to P. var-
iotii can be fatal and require long-term treatment; therefore, if
the fungus is isolated from blood, careful consideration of the pa-
tient’s condition is needed to determine the appropriate treatment
plan.
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Anti-citrullinated Protein Antibody-positive Arthralgia
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Case-based Review
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Abstract:

A 42-year-old woman with positive anti-citrullinated protein antibody (ACPA) and rheumatoid factor (RF)
levels exhibited arthralgia, but she did not fulfill the criteria for rheumatoid arthritis (RA). Subsequently, the
patient exhibited episodic monoarthritis with a remarkable response to colchicine. An analysis of the MEFV
gene identified heterozygous variants, L110P and E148Q, thus indicating a colchicine-responsive autoinflam-
matory condition. The patient was later diagnosed with RA and achieved remission with abatacept and col-
chicine. This case illustrates that ACPA-positive arthralgia evolves into RA through an autoinflammatory
mechanism, thereby underscoring the diagnostic difficulties arising from the convergence of both autoimmune

and autoinflammatory characteristics.

Key words: familial Mediterranean fever, anti-cyclic citrullinated peptide antibodies, arthralgia, rheumatoid

factor, MEFV gene variants
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Introduction

Autoinflammatory disorders, such as familial Mediterra-
nean fever (FMF), are defined by recurring fever episodes
lasting up to three days, accompanied by abdominal pain,
chest pain, arthritis, and erysipelas-like erythema, typically
observed in the lower extremities. These diseases are distinct
from autoimmune disorders, such as rheumatoid arthritis
(RA) and infectious diseases (1). FMF is a monogenic auto-
inflammatory disorder resulting from autosomal recessive
variants of the MEFV gene, which encodes pyrin, leading to
exacerbated inflammation through the activation of the in-
flammasome and increased production of interleukin (IL)-1
B (1, 2). While FMF may coexist with rheumatic disorders,
the occurrence of FMF alongside positive anti-cyclic citrulli-
nated peptide antibodies (ACPA), which are specific to RA,
is uncommon (3, 4). Previous research has described several
FMF patients with arthritis exhibiting positive results for

ACPA, but all individuals tested negative for rheumatoid
factor (RF) (5). We present a complex case of a patient di-
agnosed with ACPA- and RF-positive arthritis who initially
did not meet the criteria for RA, but was ultimately diag-
nosed with RA after experiencing episodes of periodic
monoarthritis and showing MEFV gene variants.

Case Report

A 42-year-old woman presented to a local rheumatology
clinic complaining of pain in the left wrist, both elbows,
both knees, and both Achilles tendons (one year before the
initial visit to our hospital). Swelling and tenderness were
noted over the entire right index finger and around the
Achilles tendon; however, no localized swelling in the joint
was evident. Laboratory findings at that time were: ACPA
776.1 U/mL (reference range <4.5 U/mL), RF 169 TU/mL
(reference range <15 TU/mL), C-reactive protein (CRP) <
0.05 mg/dL (reference range <0.30 mg/dL), and erythrocyte
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Table 1. Laboratory Findings.

Peripheral blood Reference range  Serological tests Reference range

Red blood cells 5.18x102 /L 3.86-4.92 C-reactive protein 0.01 mg/dL.  <0.14

Hemoglobin 14.3 g/dL 11.6-14.8 Erythrocyte sedimentation rate 1 mm/h 3-15

Hematocrit 454 % 35.1-44.4 IeG 1,069 mg/dL  820-1,740

White blood cells 4.1x10° /L 3.3-8.6 IgA 108 mg/dL. 90-400
Neutrophils 63.6 % 38.3-71.7 IegM 87 mg/dL  52-270
Eosinophils 29 % 0.2-7.3 CHS50 26 U/mL  30-45
Basophils 0.5 % 0.2-2.0 Anti-nuclear antibodies <x40 <40
Monocytes 7.8 % 2.7-1.6 ACPA 776.1 UmL <45
Lymphocytes 252 % 21.3-50.2 Rheumatoid factor 112 IUmL <15
Platelets 189x10° /L 158-348 Anti-SSA antibodies <1.0 UmL  <10.0

Blood chemistry Anti-SSB antibodies <1.0 U/mL <10.0

Total protein 6.1 g/dL 6.5-8.2 Anti-smooth muscle antibodies ~ <x20 <20

Total bilirubin 0.4 mg/dL  0.4-1.5 Matrix metalloproteinase-3 46.3 mg/mL  17.3-59.7

Aspartate aminotransferase 19 U/L 13-30 Urinalysis

Alanine aminotransferase 10 U/L 7-23 pH 7.0 4.5-7.5

Lactate dehydrogenase 142 U/L 124-222 Protein Negative Negative

Alkaline phosphatase 42 U/L 38-113 Glucose Negative Negative

Gamma-glutamyl transpeptidase 9 U/L 9-32 Occult blood Negative Negative

Creatinine kinase 73 U/L 41-153 White blood cells <1 /HPF

Total cholesterol 195 mg/dL. 142248 Red blood cells <1 /HPF

Blood urea nitrogen 12.2 mg/dL.  8.0-20.0

Creatinine 0.59 mg/dL.  0.46-0.79

Anti-SSA antibodies: anti-Sjogren’s syndrome type A antibodies, Anti-SSB antibodies: anti-Sjogren’s syndrome type B antibodies, ACPA: anti-cyclic citrulli-

nated peptide antibodies, CH50: 50% hemolytic complement activity, Ig: immunoglobulin

sedimentation rate (ESR) 2 mm/h. Under a provisional diag-
nosis of ACPA-positive arthralgia or spondyloarthritis, non-
steroidal anti-inflammatory drugs were administered for two
months but proved to be ineffective. The clinic then empiri-
cally prescribed 1,000 mg/day of sulfasalazine, which re-
lieved the symptoms; however, the patient requested further
examination and was thus referred to our hospital.

At the initial visit (Day 1), the patient complained of pain
in both finger joints and Achilles tendons, none of which
showed either any apparent swelling or tenderness. Ultra-
sonography did not reveal any thickening of the synovium,
increased blood flow signals in the finger joints, or in-
creased blood flow signals around the Achilles tendon. Ta-
ble 1 presents test data collected during the first visit to our
hospital. No notable new findings were detected except for
elevated RF levels and marginally reduced complement lev-
els. At the initial visit, although the patient exhibited ele-
vated levels of ACPA and RF, they did not fulfill the 2010
ACR/EULAR diagnostic criteria for RA, as there was an ab-
sence of clinically evident synovitis based on both the
physical examination and ultrasound findings. Her human
leukocyte antigen types were A2/A24(9) and B7/B62(15).
Chest computed tomography revealed no significant find-
ings, including interstitial pneumonia or hilar adenopathy.
The patient had no notable family history of autoimmune or
inflammatory disorders. The patient was diagnosed with
ACPA-positive arthralgia. Treatment with sulfasalazine was
continued, and mild pain in the joints and Achilles tendons
fluctuated between improvement and exacerbation.

Two years after the initial visit (Day 674), the patient
complained of bilateral coxalgia, and ultrasonography re-
vealed synovial thickening and joint effusion in the same ar-
eas. We then started methotrexate 8 mg/week in combination
with folic acid. Since the start of the new treatment, both
the joint and Achilles tendon pain have markedly improved.
However, on Day 745, drug-induced liver injury was identi-
fied (alanine aminotransferase level, 66 U/L; aspartate
aminotransferase level, 138 U/L). The dosage of
methotrexate had to be adjusted to a range of 4-6 mg/week.

Around Day 940, the patient developed periodic severe
monoarticular pain accompanied by sudden swelling and
heat that she had not experienced previously. The pain was
not localized, arose in the shoulder, knee, or ankle, and dis-
appeared within 1 or 2 days. Colchicine (1 mg/day) was ad-
ministered for diagnostic and therapeutic purposes for these
newly occurring, periodic episodes of severe monoarticular
pain, which had lasted 1-2 days before resolving spontane-
ously. Colchicine has shown significant efficacy; following
its initiation, these acute attacks resolved and no longer re-
cur. This therapeutic response pertained specifically to these
acute autoinflammatory flares and did not inhibit the onset
of the persistent polyarthritis characteristics of RA. An
analysis of MEFYV identified heterozygous variants at L110P
and E148Q. Therefore, we added and maintained colchicine
at 1 mg/day as regular oral therapy.

Around Day 1,050, the patient manifested enduring sym-
metrical polyarthritis of the fingers, wrists, and shoulders.
Swelling was confirmed in eight joints (bilateral proximal
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Figure. Imaging findings of the hand on Day 1,102. (A) Ultra-
sound of the right metacarpophalangeal (MP) joints showing
synovial thickening (arrowhead), but no joint effusion or pow-
er Doppler signals. (B) T2*-weighted magnetic resonance im-
aging (MRI) of the right hand, indicating bone erosion at the

distal end of the third metacarpal bone (arrow).

interphalangeal, metacarpophalangeal, and metatarsopha-
langeal joints), and tenderness was noted in 10 joints. De-
spite the absence of official calculations for disease activity
scores, such as the SDAI/CDAI, these findings, along with
her elevated levels of ACPA and RF, now fulfilled the 2010
ACR/EULAR categorization criteria for RA for the first
time in her clinical course (6). No apparent erosion of the
bones was noted on the hand and foot X-rays conducted at
the time of RA diagnosis. On Day 1,102, ultrasonography of
the right metacarpophalangeal (MP) joints revealed synovial
thickening, although without joint effusion or power Dop-
pler signals (Figure A). A subsequent MRI evaluation of the
hand confirmed bone erosion at the distal end of the right
third metacarpal bone on T2*-weighted images (Figure B).
The intravenous infusion of abatacept and a short course of
prednisolone were added to colchicine treatment. By Day
1,158, pain in all joints had resolved, joint swelling was no
longer present, and the administration of corticosteroids was
discontinued.

Search Strategy

We performed a thorough search of PubMed and Ichushi-
Web for studies published until May 27, 2025. The search
technique employed combinations of the following terms:
(“Familial Mediterranean Fever”) AND (“anti-cyclic citrulli-
nated peptide antibody” OR “anti-CCP”). Language con-
straints were not imposed on the dataset. We incorporated
case reports, case series, and original articles documenting

patients diagnosed with both FMF and ACPA-positive. Con-
ference abstracts, editorials, and review articles that lacked
original case data were excluded. Two authors independently
evaluated the titles and abstracts, and subsequently retrieved
pertinent full-text papers. References of the included articles
were manually examined for pertinent supplementary publi-
cations. A PRISMA-style flowchart was not created because
of the nature of this case-based review; nonetheless, the se-
lection process is detailed in the discussion section.

Discussion

We obtained nine articles via PubMed, three from Ichushi
Web, and two through reference searches. Following the
elimination of one duplicate document, one conference ab-
stract, one review article, and three unrelated documents, we
selected eight articles, comprising five case-control studies
and three case reports. The data from the retrieved articles
are summarized in Table 2 (4, 5, 7-12).

The case reports detailed three instances of FMF and RA,
characterized by elevated RF levels and positive ACPA.
These patients fulfilled the diagnostic criteria for
RA (4,9, 12). In our case, despite elevated ACPA and RF
levels, no indications of arthritis were noted, thus leading to
a diagnosis of ACPA-positive arthralgia in the patient. The
symptoms improved slightly with sulfasalazine treatment,
but the patient’s pain improved significantly with the transi-
tion to methotrexate. During treatment, new, previously un-
observed, episodic, and severe monoarthritis emerged. Col-
chicine proved particularly effective for these exacerbations,
and a genetic analysis revealed variants of the MEFV gene.
Subsequently, edema and pain developed in various joints,
resulting in a definitive diagnosis of RA (6). Alongside col-
chicine therapy, treatment with the biological agent abata-
cept was initiated, leading to the elimination of joint symp-
toms and remission. This case exemplifies a complicated
course of illness marked by the simultaneous presence of
autoimmune and autoinflammatory disorders along with
gradual advances in both the diagnosis and therapy. We se-
lected abatacept, a T-cell co-stimulation modulator, for the
treatment of RA. Owing to the intricate interaction of auto-
inflammatory and autoimmune characteristics, together with
the pivotal function of T-cells in the pathology of RA,
abatacept was deemed an appropriate choice. It was selected
instead of TNF or IL-6 inhibitors to avoid potential para-
doxical effects occasionally documented in autoinflamma-
tory situations; however, evidence for this is limited (13).
Recent studies have documented paradoxical inflammatory
or autoimmune reactions during TNF-o. or IL-6 inhibition,
such as psoriasis-like lesions or granulomatous inflamma-
tion, even in autoinflammatory disorders such as FMF and
Behcet’s disease (14, 15). These reactions are thought to
stem from dysregulated type I interferon and inflammasome
activation, potentially intensifying autoinflammatory predis-
positions. Furthermore, TNF-o. and IL-6 inhibitors have
demonstrated inconsistent efficacy in FMF, although IL-1 in-
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hibition is recognized as the best-validated biological inter-
vention (16-19). Based on these findings, abatacept was
deemed a safer and mechanistically unique alternative for
addressing T-cell co-stimulation and adaptive immunological
activation, whereas colchicine was retained for the manage-
ment of the autoinflammatory aspect.

The episodic characteristics of monoarthritis may indicate
a diagnosis of palindromic rheumatism, frequently regarded
as a precursor to rheumatoid arthritis. The pronounced and
constant reaction of these particular episodes to colchicine,
together with the existence of MEFV variants, prompted us
to contemplate a concurrent autoinflammatory process
linked to the identified MEFV variants rather than solely
palindromic rheumatism. This underscores the diagnostic
difficulty in distinguishing these episodic arthritides, particu-
larly in ACPA-positive individuals. Alternative etiologies of
acute monoarthritis, including crystal-induced arthritis, were
evaluated. Despite the absence of a synovial fluid analysis,
the migratory pattern of arthritis, the lack of characteristic
radiographic evidence for chondrocalcinosis, and the swift
response to colchicine instead of NSAIDs rendered crystal-
induced arthritis in this case as improbable.

A case-control study revealed a significant incidence of
ACPA and elevated antibody titers among FMF subjects
with arthritis (5). On the other hand, several other studies
have reported no ACPA in any case and no differences in
antibody levels between control groups and patients, irre-
spective of the presence of arthritis (8, 10, 11). However, in
studies that included cases with positive ACPA, the overall
positivity rate was only approximately 14%, indicating that
ACPA is uncommon in FMF (5, 7). Studies detailing these
cases were conducted in Turkey, and evidence regarding the
prevalence of ACPA in FMF in Japan is lacking. FMF has
been documented to coexist with other rheumatic disor-
ders (3), and previous studies have indicated the potential
coexistence of FMF and RA (4, 9, 12). Nonetheless, in the
present instance, despite the initially elevated levels of RF
and ACPA, no indications of arthritis were detected through-
out the follow-up period. This unusual progression poses a
problem for clinical assessment. In our case, colchicine was
administered as a rescue therapy for pain and proved to be
highly effective, leading us to conduct a MEFV gene analy-
sis and identify heterozygous variants at L110P and E148Q.
The diagnosis of FMF was deemed to fulfill the minor crite-
ria of the Tel-Hashomer criteria established by Livneh et
al. (20) and the diagnostic criteria of the Eurofever/PRINTO
criteria (21), which encompass genetic abnormalities. Ac-
cording to the Tel-Hashomer criteria, our patient was catego-
rized as having an “incomplete attack” phenotype. The pa-
tient met one minor criterion: recurrent monoarthritis that
was responsive to colchicine. The attacks were deemed to be
“incomplete” due to their afebrile nature and short duration
(1-2 days). The patient satisfied the Eurofever/PRINTO re-
quirements owing to the presence of a suitable MEFV gene
variant in conjunction with colchicine effectiveness and a
short attack duration.
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The E148Q variant in exon 2 is the predominant variant
of unknown significance (VUS), and recent guidelines have
indicated that heterozygous E148Q variants do not support a
diagnosis of FMF (1). In contrast, L110P is a variant lo-
cated in exon 2 which has been identified in both Turkish
and Spanish patients with FMF (22). A surveillance study of
FMF gene variants in Japanese patients revealed that E148
Q-L110P variants were present in 5.6% of the subjects (23).
Concerning the E148Q-L110P gene variants and their clini-
cal manifestations, 50% of patients with FMF possessing
these variants exhibited either no fever or only slight fever.
Moreover, only 16.7% of the patients exhibit arthritis (24).
A study examining the characteristics of FMF patients with
multiple VUS variants revealed that, in contrast to patients
with a single VUS variant, those with multiple VUS variants
exhibited markedly lower responsiveness to colchicine treat-
ment (88.9% vs. 96.7%; p=0.037). Furthermore, the pres-
ence of multiple VUS variants was significantly and inde-
pendently correlated with colchicine resistance (odds ratio,
4.42; 95% confidence interval 1.08-18.1; p=0.038) (25).
This study indicated a statistical tendency; however, not all
people with multiple VUSs exhibited colchicine resistance.
The favorable response in our patient, whose phenotype was
defined by afebrile transient monoarthritis, may be ascribed
to her specific L110P-E148Q genotype, which may not pre-
sent the same resistance risk as other VUSs. Migita et al.
categorized FMF into typical and atypical types according to
the Tel-Hashomer criteria. Typical FMF patients display epi-
sodes of common symptoms, such as peritonitis, pleuritis,
monoarticular arthritis, or fever, as defined by the Tel-
Hashomer criteria. In contrast, atypical FMF patients show
“incomplete” attacks. An episode is considered to be incom-
plete if it differs from the definition of a typical episode in
one or two of the following characteristics: body tempera-
ture below 38°C; episode duration either shorter than 12
hours or longer than 3 days, but not shorter than 6 hours or
exceeding one week; absence of peritonitis signs during ab-
dominal episodes or localized signs; or atypical distribution
of arthritis (26). Table 3 shows the characteristics of typical
and atypical FMF (20, 26). The classification of this case as
having an “atypical” phenotype, as delineated by these crite-
ria, was predicated on these characteristics, with the symp-
toms of the episodes (afebrile, short-duration monoarthritis)
also deemed to be atypical in comparison to classic FMF
presentations. Although several studies have indicated that
the E148Q-L110P genotype may correlate with a milder
phenotype, including the absence of fever (24), the patho-
genic implications of these variants, especially E148Q, are
still controversial. Therefore, these genetic findings must be
regarded with caution as possible factors contributing to an
autoinflammatory tendency rather than as primary causes.

RA and FMF are categorized as autoimmune and autoin-
flammatory diseases, respectively, but they share a common
underlying mechanism characterized by aberrant activation
of the innate immune system via the inflammasome. In both
conditions, the overproduction of IL-1B through the activa-

ol



Intern Med Advance Publication DOI: 10.2169/internalmedicine.6634-25

Table 3. Comparison of Typical and Atypical Cases of FMF.

Typical FMF Atypical FMF
Fever Duration 12-72 hours Within a few hours or lasting
more than 4 days
Temperature >38°C Sometimes <38°C
Serositis Non-localized Localized
Common Less common
Arthritis Monoarthritis Polyarthritis
Myalgia (ratio) Low High
MEFYV mutations exon 10 (M694I) exon 1 (E84K)

exon 2 (E148Q, E148Q-L110P)
exon 3 (P369S-R408Q)
exon 5 (S503C)

FMF: familial Mediterranean fever

tion of Nod-like receptor protein 3 (NLRP3) or pyrin in-
flammasome is an important factor contributing to patho-
physiology (27). The NLRP3 activation pathway induced by
ACPA in RA (involving integrin, Panx-1, and two-pore do-
main weak inwardly rectifying K+ channel 2) and the regu-
latory mechanism of the pyrin inflammasome in FMF share
the characteristic that the cytoskeleton (microtubules) and
ion channels are crucial for signal transduction (28). Col-
chicine, an FMF medication, inhibits the pyroptosis inflam-
masome through RhoA signaling, highlighting the critical
role of cytoskeletal dynamics in regulating inflammasome
activity. The signal transduction of ACPA in RA is mediated
by integrin, a cell adhesion protein, and is associated with
cytoskeletal remodeling, suggesting the potential presence of
analogous mechanisms in the signal transduction pathways
of both diseases (28, 29). Clarifying the mechanisms by
which ACPA stimulates the NLRP3 inflammasome will en-
hance our understanding of the RA etiology and emphasize
its contributions to FMF, an autoinflammatory disease.
These findings may facilitate the identification of shared
therapeutic targets for both diseases and the formulation of
novel treatment methods.

Conclusion

This case illustrates an uncommon case of a patient with
positive results for ACPA and RF, who advanced to RA fol-
lowing a course of colchicine-responsive recurrent arthritis
associated with MEFV variants. In patients with ACPA-
positive arthralgia, the presence of symptoms atypical for
RA, such as intermittent or migratory arthritis, necessitates
caution when diagnosing RA. Differentiation from autoin-
flammatory diseases, particularly through MEFV gene test-
ing, should therefore be performed. The clinical progression
in this case substantiates the concept that autoimmune
mechanisms in RA and autoinflammatory processes in FMF
may interact via a shared pathophysiological foundation in-
volving inflammasome activation. Instances of coexisting
FMF and RA are uncommon, and treatment protocols for
such patients are currently lacking. Elucidating the link be-
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tween these two entities, currently categorized as distinct
diseases, will enhance our understanding of the pathophysi-
ology involved and may facilitate in the identification of
novel therapeutic targets in the future.
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Introduction

Spotted fever group rickettsioses (SFGR) are significant tick-borne diseases worldwide,
attributed to various Rickettsia species (Blanton, 2019; Zhang et al., 2023). Even though the
clinical signs are similar, the death rates are very different depending on the pathogen and
the patient’s risk factors. In tropical and subtropical areas, such as Africa, the
Mediterranean, and Brazil, tick-bite fever, Mediterranean spotted fever (MSF), and the
highly lethal Brazilian spotted fever are all very common (Angerami et al., 2006; Bechah
et al., 2012).

The Centers for Disease Control and Prevention (CDC) says that tetracycline antibiotics
(such as doxycycline) should be given right away as the main treatment (CDC, 2025). Even
with this standard of care, the death rate for severe SFGR, like Rocky Mountain spotted fever
(RMSF), is still too high (5-10%) (Jay and Armstrong, 2020), showing how badly novel
strategies are needed.

Insights derived from Japanese spotted fever (JSF), induced by Rickettsia japonica, may
be crucial. A retrospective analysis demonstrated that the combination of tetracycline and a
fluoroquinolone considerably decreased the duration of fever in comparison to tetracycline
alone (Itoh et al., 2023). Due to the common Toll-like receptor 4 (TLR4)-mediated immune
responses in SFGR (Rumfield et al., 2020; Voss et al., 2021), this efficacy may be translatable.
This study combines clinical and molecular knowledge to put out a therapeutic hypothesis:
that using tetracyclines and fluoroquinolones together is an effective way to treat
severe SFGR.
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Common pathophysiology of spotted
fever group rickettsioses

The pathogenesis of SFGR is driven by the replication of
rickettsiae within vascular endothelial cells (Clifton et al., 2005).
When the endothelium is injured, it becomes more permeable. This
leads to edema, hypotension, and the characteristic rash associated
with the illness (Jay and Armstrong, 2020). In severe instances,
disseminated intravascular coagulation (DIC) and multiple organ
failure may occur.

The immunological response initiates upon the detection of
rickettsial lipopolysaccharide (LPS) by the TLR4/MD2 complex
(Maeshima and Fernandez, 2013; Guillotte et al., 2018). This turns
on the NF-xB pathway, which causes the release of inflammatory
cytokines such as IL-1f, IL-8, and MCP-1 (Clifton et al., 2005;
Rumfield et al., 2020). Dysregulated synthesis of these mediators,
essential for defense, might precipitate a “cytokine storm,” resulting
in fatal consequences (Karki and Kanneganti, 2021). This TLR4-
dependent mechanism is common in SFGR, which makes it
important to target this pathway for treatment. Table 1 shows a
comparison of the most important features of the major SFGR.

Foundational evidence from Japanese
spotted fever

JSE, a type of SFGR caused by R. japonica that can make you
very sick, is an important clinical model for studying how well
combination therapy might work (Itoh et al., 2023). In severe cases
of JSF, disseminated intravascular coagulation and multiple organ
failure may ensue, resulting in fatal outcomes, with a recorded death
incidence of roughly 4.1% in 2019 (Itoh et al., 2023).

Several case reports have demonstrated the efficacy of
combining tetracycline and fluoroquinolone antibiotics for severe
JSF; however, our retrospective study employing a mixed-effects

10.3389/fcimb.2026.1798936

model yielded robust quantitative results. The study demonstrated
that the combination therapy group exhibited a significantly greater
reduction in body temperature compared to the tetracycline
monotherapy group on both day 3 (difference: -0.569 °C; 95% CI:
-1.117 to -0.020; p = 0.042) and day 4 (difference: -0.628 °C; 95%
CI: -1.184 to -0.073; p = 0.027) of treatment (Itoh et al., 2023). The
combination therapy shortened the duration to defervescence by 1.5
days, a key measure for quantitatively evaluating treatment
effectiveness in infectious illnesses (Itoh et al., 2024a).

However, the safety profile of this combination requires careful
interpretation. While two retrospective database studies in Japan
did not show a mortality benefit for the combination, one study
indicated a potential risk of convulsions and higher mortality
(Kutsuna et al., 2022; Yasuda et al., 2024). A granular analysis of
these results, however, uncovers significant subtleties. The
correlation with negative outcomes in the study conducted by
Yasuda et al. was predominantly influenced by cases related to
ciprofloxacin. Importantly, levofloxacin, which made up the
majority of combination therapy cases (87.0%), did not lead to
higher death rates or serious problems compared to tetracycline
monotherapy (Yasuda et al., 2024). This suggests that the reported
risks may be drug-specific—potentially linked to ciprofloxacin-
induced toxin upregulation or interactions—rather than a class
effect of fluoroquinolones when used in combination. Importantly,
given that levofloxacin represented the vast majority of the
combination group in our efficacy analysis as well, the significant
reduction in fever duration (1.5 days) is effectively a demonstration
of the clinical benefit of the tetracycline-levofloxacin regimen.

Moreover, it is imperative to confront a significant issue
frequently highlighted in previous literature about the application
of fluoroquinolones for rickettsioses. Botelho-Nevers et al.
conducted a well referenced retrospective analysis on
Mediterranean spotted fever (MSF), revealing that
fluoroquinolone treatment was independently linked to
heightened illness severity (Botelho-Nevers et al., 2011). It is
essential to highlight that this study assessed fluoroquinolone
monotherapy in comparison to standard tetracycline therapy. The

TABLE 1 Key characteristics of major spotted fever group rickettsioses (SFGR) and implications for combination therapy.

Rocky Mountain

PR spotted fever

Japanese spotted fever

Implications for SFGR

Causative organism | R. rickettsii R. japonica

Multiple Rickettsia spp. worldwide

USA, Latin America; high fatality

Distribution expanding in tropical/subtropical

therapy evidence

fluoroquinolone shortened fever by ~1.5 days

G h , East Asi
oBraphy in Brazil/Mexico Japan, East Asia regions
Severity driven by endothelial injury &
Mortality 5-10%; >30% if delayed ~4.1% everity driven by endothelial njury
cytokine storm
Pathophysiology Endothelial infection — vasculitis | Same Shared TLR4/NF-kB/MAPK pathways
Standard therapy Doxycycline Doxycycline/minocycline Early tetracycline is essential
Combination Limited In retrospective case series, combination with Hypothesis-generating for severe SFGR

Mechanisti Additive inhibiti f TLR4 signali
e.c anistic — Dual blockade (FQ = upstream; TC = downstream) Hve it 1 ton o i §1gn g
rationale demonstrated in THP-1 in vitro
Path differentiati ial i -
Precautions FQ concerns in MSF (R. conorii) — athogen dilierentiation crucial in co

endemic scrub typhus regions

FQ, fluoroquinolone; MAPK, mitogen-activated protein kinase; MSF, Mediterranean spotted fever; NF-xB, nuclear factor kappa B; SFGR, spotted fever group rickettsioses; TC, tetracycline;

TLR4, Toll-like receptor 4.
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adverse results presumably stemmed from the suboptimal
rickettsicidal efficacy of fluoroquinolones, resulting in treatment
failure, rather than a toxic synergy intrinsic to the medication class.
Although a subsequent in vitro study suggested that ciprofloxacin
may upregulate a toxin-antitoxin module in R. conorii (Botelho-
Nevers et al., 2012), this effect has not been shown to adversely affect
outcomes when a potent rickettsicidal agent such as doxycycline is
simultaneously administered, as indicated by the safety of the
levofloxacin combination in JSF data. Therefore, our proposal
endorses combination therapy (tetracycline + fluoroquinolone) to
exploit the immunomodulatory advantage, solely as an adjuvant to
tetracyclines, and evidence of monotherapy failure should not
inhibit this strategy.

Nevertheless, given the nuances in safety data, a prospective
randomized controlled trial is necessary to definitively evaluate the
advantages and disadvantages of this combination therapy, ideally
utilizing levofloxacin, which has demonstrated both safety and
potential efficacy in retrospective analyses. The findings
supporting expedited fever control in JSF offer a noteworthy
clinical justification for advocating this immunomodulatory
strategy for other severe SFGR.

Mechanism of action: a dual
immunomodulatory strategy

Although both tetracyclines and fluoroquinolones exhibit direct
anti-rickettsial activity (Rolain et al., 1998; Satoh et al., 2019), the
principal benefit of their concurrent application likely arises from
their complementary immunomodulatory effects, which surpass
their antibacterial capabilities. This approach fundamentally
involves the simultaneous inhibition of the TLR4 signaling
pathway, which is triggered by rickettsial LPS (Guillotte et al,
2018; Rumfield et al., 2020; Voss et al., 2021) (Figure 1).

These two groups of drugs regulate the host immune response
through unique and complementary mechanisms.

1. Fluoroquinolones, including ciprofloxacin and levofloxacin,
prevent the inflammatory cascade from taking place. They inhibit
the first attachment of LPS to the TLR4/MD2 receptor complex on
the surface of the host’s immune cells (Zusso et al., 2019). By
obstructing this initial phase, they impede the subsequent signaling
cascade, resulting in a reduction of inflammatory cytokines such as
TNF-o and IL-1fB in microglia and macrophage models (Zusso
et al., 2019).

2. Tetracyclines, including minocycline and doxycycline,
function inside cells and further down the signaling pathway.
This is distinct from how other drugs work. They inhibit the
phosphorylation of IxB kinase (IKK) o/f, which is the first step
in starting the pro-inflammatory transcription factor NF-xB
(Cazalis et al., 2008; Tai et al.,, 2013). By preventing NF-«kB from
being activated, they greatly reduce the production of many
inflammatory cytokines and chemokines, including TNF-o., IL-1(,
IL-6, IL-8, and MCP-1 (Cazalis et al., 2008; Tai et al., 2013).
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The concurrent inhibition of both the upstream trigger
(receptor binding) and the downstream signaling (intracellular
transduction) by the combination of tetracycline and
fluoroquinolone is hypothesized to produce a more extensive and
potent suppression of the inflammatory response than either agent
individually. Recent in vitro findings by Sakamaki et al. substantiate
this hypothesis, demonstrating that the combination of minocycline
and ciprofloxacin significantly enhances the inhibitory effect on
TNF-o production and reduces inflammatory chemokines (IL-8,
IP-10) in LPS-stimulated THP-1 monocytic cells, surpassing the
effects of either drug alone (Sakamaki et al., 2025). This dual
blocking is the proposed mechanism to avert the life-threatening
cytokine storm and mitigate the significant vascular endothelial
damage linked to advanced SFGR (Karki and Kanneganti, 2021).

Discussion

Our opinion is that tetracycline-fluoroquinolone (TC+FQ)
combination therapy merits formal evaluation as an adjunctive
strategy for severe or high-risk SFGR. This hypothesis-driven
approach is grounded in dual immunomodulatory blockade of
the TLR4 pathway and supportive retrospective observations in
JSE. However, translating this concept into feasible trials and
responsible clinical use requires explicit operational plans for
safety, target population, and a key diagnostic confounder:
scrub typhus.

Operationalizing the scrub typhus
confounder in trials and practice

Because Orientia tsutsugamushi is intrinsically fluoroquinolone-
resistant and rapid point-of-care diagnostics distinguishing SFGR
from scrub typhus are not widely available in many endemic settings,
enrollment and treatment algorithms must be designed for real-world
constraints rather than assuming immediate microbiologic
confirmation. Importantly, we do not assume that all SFGR share
identical clinical features with JSF, nor do we propose extrapolating
JSE-specific findings as universal rules for SFGR. Instead, we propose
a pragmatic “enrichment + safety-switch” framework that can be
adapted to local epidemiology and locally prevalent SFGR species.

First, clinical-epidemiologic enrichment should be region- and
species-informed. Rather than enrolling all undifferentiated febrile
rash illnesses, trial eligibility can be restricted to patients whose
presentation is most consistent with SFGR in the given setting and
less consistent with scrub typhus, using pre-specified criteria
informed by local surveillance data and published clinical
patterns. In regions where JSF is the predominant SFGR,
enrichment criteria may incorporate JSF-based differentiating
features as illustrative, locally relevant examples (e.g., palm/sole
involvement reported more frequently in JSF cohorts, relatively
small or inconspicuous eschars, and region-specific seasonality),
while explicitly acknowledging that other SFGR species may present
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FIGURE 1

was created using BioRender (https://biorender.com/).

Dual immunomodulatory effects of tetracyclines and fluoroquinolones on TLR4 signaling in host immune cells. LPS from Rickettsia engages the
TLR4/MD2 complex, leading to dimerization and activation of downstream signaling via NF-xB and MAPKs. 1) Minocycline inhibits phosphorylation of
IKKo/B and prevents NF-«B activation, reducing TNF-o and chemokine production. 2) Ciprofloxacin and levofloxacin inhibit upstream LPS-TLR4/
MD?2 interaction and suppress phosphorylation of NF-kB p65 and ERK. Recent in vitro evidence shows that minocycline + ciprofloxacin produce
additive inhibition of TNF-a, IL-8, IP-10, MIP-1a, and MIP-1B, and more strongly suppress NF-xB p65 activation than either drug alone in LPS-
stimulated THP-1 cells. These findings support the concept of combined upstream and downstream blockade of the TLR4 pathway. ERK,
extracellular signal-regulated kinase; 1xBo, inhibitor of nuclear factor kappa-B kinase alpha; IKKa/B, kB kinase alpha/beta; IL-8, interleukin-8; IP-10,
interferon-inducible protein 10; IRAK, IL-1 receptor-related kinase; JNK, c-Jun N-terminal kinase; LPS, lipopolysaccharide; MAPK, mitogen-activated
protein kinase; MEKK, mitogen-activated protein/ERK kinase kinase; MD2, myeloid differentiation factor 2; MIP-1a, macrophage inflammatory
protein-1lo; MKK, mitogen-activated protein kinase kinase; MyD88, myeloid differentiation factor 88; NF-xB, nuclear factor kappa-B; PKR, double-
stranded RNA-activated protein kinase; Syk, spleen tyrosine kinase; TAK1, transforming growth factor-B-activated kinase 1; TIR, Toll/interleukin-1
receptor; TIRAP, TIR domain-containing adaptor protein; TLR, toll-like receptor; TNF-o, tumor necrosis factor-o; TRAF, tumor necrosis factor
receptor associated factor; TRAM, TRIF-related adaptor molecule; TRIF, TIR domain-containing adaptor protein inducing interferon-p. The figure

differently. In other geographic areas, enrichment criteria should be
recalibrated to the dominant local SFGR species and their known
clinical spectrum.

Second, mandatory confirmatory testing with a prespecified
“rescue switch” is essential for safety. At enrollment, all participants
should submit specimens for definitive testing (e.g., PCR from
eschar/whole blood and/or paired serology). Because results may
return after empiric therapy has started, the protocol should include
a clear safety rule: if scrub typhus is confirmed—or becomes
strongly suspected on follow-up based on evolving clinical
features or available testing—the fluoroquinolone component
must be discontinued immediately and patients should continue
standard effective therapy, with predefined monitoring for
clinical deterioration.

Third, analytic handling should be prespecified to preserve
interpretability. Participants later confirmed as scrub typhus
should be excluded from the per-protocol analysis and handled
using a modified intention-to-treat (mITT) framework,
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complemented by sensitivity analyses using different case-
definition thresholds. This ensures that pragmatic enrollment
does not dilute efficacy estimates for SFGR while maintaining
patient safety and transparency.

In short, we do not advocate empiric TC+FQ for all febrile rash
illnesses. Rather, we propose a locally calibrated enrichment
strategy coupled with mandatory confirmatory testing and an
immediate fluoroquinolone discontinuation (“rescue switch”) rule
to operationalize the confounder in settings where point-of-care
differentiation is limited. We emphasize that enrichment criteria are
intended to increase pre-test probability, not to replace
microbiologic diagnosis, and must be updated as local
epidemiology and diagnostic availability evolve.

Who should be studied first

Because most uncomplicated SFGR respond to tetracycline
alone, we propose evaluating TC+FQ primarily in severe/high-
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risk SEFGR (e.g., early organ dysfunction, DIC tendency,
encephalopathy, hypotension). In this subgroup, accelerated
control of hyperinflammation may plausibly translate into
clinically meaningful stabilization. The regimen should remain
anchored on an effective tetracycline, and the fluoroquinolone
component should be selected with caution given drug-specific
concerns reported for ciprofloxacin in other rickettsioses.

Safety oversight and feasibility

Future trials should incorporate structured safety monitoring
(e.g., neurologic events, arrhythmia/QT risk where relevant),
predefined stopping rules, and independent oversight. This
framework allows the field to test the hypothesis responsibly
while acknowledging diagnostic and operational realities in
endemic regions.

Conclusion and future directions

Even though the Rickettsia species that cause SFGR (such as
RMSEF and JSF) are different, they all have very comparable TLR4-
dependent host immune responses and clinical presentations
(Blanton, 2019; Jay and Armstrong, 2020; Itoh et al., 2023). The
CDC (CDC, 2025) says that tetracycline antibiotics are the best
treatment, however the high death rate in severe SFGR cases
demonstrates how desperately we need new options (Jay and
Armstrong, 2020). This study integrates modern clinical and
molecular findings to offer an innovative therapeutic approach: the
combination of tetracycline and fluoroquinolone antibiotics. The
justification for the proposal is twofold. Recent clinical findings
from JSF suggest that this combination therapy can induce
defervescence more effectively than tetracycline monotherapy (Itoh
et al,, 2023, Itoh et al, 2024b). We propose that this accelerated
defervescence is not solely a symptomatic improvement (i.e., a more
rapid alleviation of sickness behavior) but rather a clinical marker of
earlier regulation of the underlying immunological hyperactivity. The
efficacy of employing early clinical response, including defervescence,
as a therapeutic endpoint is well-documented in other acute bacterial
infections, such as community-acquired pneumonia, where it is
applied in clinical trials sanctioned by regulatory authorities like
the U.S. Food and Drug Administration (FDA) and in associated
analyses (Laessig, 2010; U.S. Food and Drug Administration, 2020).
Although our 1.5-day reduction necessitates prospective validation to
establish a direct correlation with decreased mortality, we hypothesize
that the timely management of hyperinflammation is the essential
initial measure in averting the advancement to severe consequences,
including DIC and organ failure. The significant immunomodulatory
effect of this combination—attained by simultaneously inhibiting the
TLR4 inflammatory pathway at both upstream and downstream sites
—offers a robust molecular basis for its potential effectiveness (Cazalis
etal., 2008; Tai et al,, 2013; Zusso et al., 2019). This dual blockage may
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be key in preventing the lethal cytokine storm and mitigating the
significant vascular endothelial damage that contributes to mortality
in these conditions (Karki and Kanneganti, 2021).

Prior to conducting large-scale trials, preclinical investigations
utilizing proven animal models of severe SFGR would be essential to
further evaluate the in vivo efficacy and mechanisms of this
combination therapy. Models like the virulent Rickettsia parkeri
infection model in C3H/HeN mice or the endothelial-targeting R.
conorii model might be appropriate for this objective (Bechah et al.,
2012; Londofio et al., 2019). Due to their shared endemic areas,
SFGR and scrub typhus (caused by O. tsutsugamushi) are difficult to
diagnose in clinical practice (Sakamaki et al., 2025). This is
important since O. tsutsugamushi has a gyrA (Ser83Leu)
mutation that makes it fluoroquinolone-resistant (Jang et al.,
2013). Clinical worsening has been observed in scrub typhus
patients receiving ciprofloxacin treatment (Jang et al., 2013).
Accordingly, operationalization should rely on a tiered approach
(clinical pre-screening/enrichment, mandatory confirmatory
testing with a prespecified rescue switch, and mITT/per-protocol
analytic handling), as detailed in the Discussion section. Given the
limitations of retrospective investigations, a prospective, carefully
designed, and rigorously controlled randomized controlled trial
(RCT) is needed to confirm this therapeutic approach (Kutsuna
etal, 2022; Yasuda et al., 2024). Regulatory authorities (FDA, 2020)
have stated that rigorous studies are required to determine the
efficacy and safety of novel antibacterial treatments for severe
infections. The trial should be structured to assess the efficacy and
safety of combination therapy, specifically in SFGR patients
classified as high risk for severe disease. Based on epidemiological
risk factors for mortality, we define “high-risk” patients as those of
advanced age, those with delayed initiation of treatment, or those
presenting with early signs of organ dysfunction. As the majority of
mild cases recover with standard care, this demographic represents
the most urgent unmet need and necessitates a meticulous
evaluation of the potential risk-benefit ratio of the combination,
utilizing levofloxacin as the primary candidate. This signifies the
subsequent crucial stage in improving results for those suffering
from these challenging infections, and we firmly endorse the
initiation of such clinical trials.
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