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Abstract

Objective: To examine the clinical significance of elevated C-reactive protein (CRP) levels in cases of severe fever with thrombo-
cytopenia syndrome (SFTS), with a particular focus on their role in predicting outcomes beyond that of previous reports.

Patients and Methods: CRP values and SFTS case data retrieved from a PubMed search were extracted for analysis. For compari-
son, the subjects were divided into two groups based on their CRP levels: normal (CRP <0.3 mg/mL) and elevated (CRP >0.3 mg/
dL).

Results: Forty-four cases were identified: 25 with normal CRP levels and 19 with elevated CRP levels. In an univariate analysis, no
significant differences were observed between the two groups with respect to age, sex, date of blood examination, white blood cell
count, outcome, or lactate dehydrogenase, alanine transaminase, creatine, or ferritin levels. However, the normal group contained
a higher proportion of women, and the incidence of other infectious diseases was relatively low.

Conclusion: In cases of SFTS, a CRP level >0.3 mg/dL in the first collection indicates the potential for a mixed infection other than
an SFTS-associated infection and male prevalence. Further prospective studies are necessary to confirm whether the findings of the

present study are generalizable among patients with SFTS.
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I Introduction

Severe fever with thrombocytopenia syndrome (SFTS)
is thought to be transmitted to humans through the bites of
Diptera, hawksbill, and llama ticks, which carry Bandavi-
rus dabieense of the family Fenuiviridae. The possibility
of animal-to-human or human-to-human transmission has
also been suggested”. Patients are predominantly elderly
(median age, 75 years), with 11% younger than 60 years. No
sex-related differences have been observed’. Deaths occur
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more frequently in older than in younger patients, and the
estimated fatality rate in Japan is 27%".

The principal clinical signs of severe SFTS include hem-
orrhagic fever, gastrointestinal symptoms, myalgia, arthral-
gia, dizziness, chills, and localized lymph node enlarge-
ment). In severe cases, there is the potential for multiple
organ failure, including rhabdomyolysis, hemophagocyto-
sis, renal failure, coagulopathy, shock, and disturbance of
consciousness?. The most common laboratory abnormali-
ties are thrombocytopenia (95%); leukopenia (86%); elevat-
ed serum alanine aminotransferase (ALT), aspartate amino-
transferase, lactate dehydrogenase (LDH), creatine kinase
(CK), and ferritin levels; and prolonged activated partial
thromboplastin time'™. Although C-reactive protein (CRP)
levels are often within normal limits*?, reports from China
indicate that high CRP levels are a risk factor for death* ©.
Therefore, in the present study, we examined the clinical
significance of elevated CRP levels other than predicting
outcome in SFTS cases, using previous reports.
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I Patients and Methods

The PubMed database was searched on December 5,
2024 using the following search terms: “SFTS” + “CRP”
and “SFTS” + “case report”. CRP values and case data were
extracted from the retrieved papers for analysis. The data-
set comprised the subject’s age; sex; initial CRP level (if
tested multiple times); date of initial CRP blood collection;
white blood cell count on the same day as the initial CRP
measurement; LDH, CK, ALT, creatinine (Cre), and ferritin
levels; infection-related complications; and final outcome
(alive or dead). For comparison, the subjects were divided
into two groups based on their CRP level: normal (control)
(CRP <0.3 mg/dL) and elevated (CRP >0.3 mg/dL).

All statistical analyses were performed using the JMP
18.0 software program (SAS Japan Incorporation, Tokyo,
Japan). Comparisons between the two groups were analyzed
using the non-paired Student’s t-test or y? test. P-values
<0.05 were considered statistically significant. All data are
presented as numbers or means with 95% confidence (CI)
intervals. Finally, multivariate logistic regression was per-
formed using the results of the univariate analysis to iden-
tify independent predictors of elevated CRP levels (>0.3
mg/dL).

I Results

We retrieved 41 reports with 44 cases of SFTS: in these
cases, 25 patients were in the normal CRP group and 19
in the elevated CRP group’“#”. The results of the compari-
sons between the two groups are shown in Table 1. There
were no statistically significant differences in age; date of
blood examination; white blood cell count; LDH, ALT, Cre
or ferritin levels; or outcome between the groups. Women

were more common in the normal group, and the infection-
complication rate was low.

Multivariate logistic regression analysis identified both
a mixed infection [odds ratio (OR):7.6, P=0.01, 95% CI:
1.4-63.4] and male (OR: 4.3, P=0.03, 95% CI: 1.1-19.1) as
independent predictors of elevated CRP levels. The diag-
noses were pathogen infection (galactomannan- and 1,3-p3-
D glucan-positive aspergillosis, Acinetobacter baumannii,
and Orientia tsutsugamushi), urinary tract infection due to
Escherichia coli (two cases), oral Streptococci, and necro-
tizing lymphadenitis or pneumonia due to an undescribed
pathogen.

I Discussion

This study presents the initial findings of elevated CRP
levels (>0.3 mg/dL) in SFTS cases, suggesting the potential
for a mixed infection other than an SFTS-associated infec-
tion and a notable prevalence in male patients.

In a comparative study of patients with SFTS and Japa-
nese spotted fever (JSF), Kawaguchi et al. identified leuko-
penia and normal CRP levels (<1.0 mg/dL) as variables that
could distinguish SFTS from JSF?. In their study, normal
CRP levels exhibited 95% sensitivity and 97% specificity
for SFTS, with a positive likelihood ratio of 37.1°. Addition-
ally, CRP levels were elevated in two SFTS cases with a
secondary infection (pneumonia), which is consistent with
our findings.

Chen et al. investigated the association between classical
inflammatory biomarkers, including ferritin, procalcitonin
(PCT), and CRP, and viral load in 256 patients with SFTS
divided into survivors and non-survivors®. Their findings
revealed that the ferritin level had the strongest positive as-
sociation with viral load. Both PCT and CRP levels were

Table 1 Results of the comparisons between the two groups

Normal Over P-value
(<0.3 mg/dL) (>0.3 mg/dL)

(n=25) (n=19)
CRP (mg/dL) 0.12 (0.07, 0.17) 2.22(0.78, 3.66) <0.0001
Age (years) 60.7 (51.0, 70.4) 63.1 (55.1,71.0) 0.94
Sex (female/male) 16/9 6/13 0.03
Days from onset to measurement 5.0 (4.0, 6.0) 6.1 (4.9,7.3) 0.11
White blood cell (/uL) 1,712 (1,191, 2,233) 3,091 (265, 5,917) 0.56
Lactate dehydrogenase (1U/L) 801 (481, 1,121) 941 (655, 1,227) 0.16
Creatine kinase (IU/L) 1,854 (97, 3,610) 5,649 (—695, 6,484) 0.40
Alanine transaminase (IU/L) 95 (44, 145) 108 (69, 147) 0.07
Creatinine (mg/dL) 1.01 (0.69, 1.33) 1.30 (0.95, 1.65) 0.14
Ferritin (ng/mL) 4,485 (842, 8,128) 25,266 (31,668, 82,200) 0.32
Complications of other infections (yes/no) 2/23 12/7 0.01
Outcome (live/dead) 18/7 12/9 0.53

CRP: c-reactive protein.
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significantly higher in non-survivors than in survivors at
13—15 days after symptom onset. Thus, there appears to be a
positive correlation between PCT and CRP levels. Elevated
PCT levels usually suggest a bacterial rather than a viral
infection*®. Numerous studies indicate that patients with
(vs. without) SFTS are more susceptible to pulmonary bac-
terial or fungal coinfections, which are associated with high
mortality rates*). Consequently, the results of these studies
suggest that an elevated CRP level in the late phase may
contribute to the development of a complicated bacterial or
fungal infection, a finding analogous to our own.

In the retrospective investigation of 290 consecutive pa-
tients with SFTS conducted by Zhang et al., systemic in-
flammatory response syndrome (SIRS) was an independent
risk factor for the prognosis of patients with SFTS>. The
cumulative survival rate was significantly lower in patients
with SIRS than in those without SIRS. Patients who pre-
sented with SIRS had elevated levels of AST, LDH, lipase,
CK, troponin I, D-dimer, and CRP and an increased acti-
vated partial thromboplastin time, thrombin time, and viral
load compared with patients who did not present with SIRS.
Moreover, patients with SIRS had a higher prevalence of
bacterial or fungal infections than did those without SIRS.
Consequently, the authors proposed that bacterial or fun-
gal infections may contribute significantly to the higher
in-hospital mortality of patients with SIRS-positive SFTS.
Accordingly, their findings suggest that elevated CRP levels
in patients with SIRS may indicate the severity of bacterial
or fungal infections, a hypothesis that is consistent with our
observations.

The present study did not demonstrate a heightened risk
of mortality associated with elevated CRP levels, which is
contrary to the findings of previous reports from China on
elevated CRP levels linked to multiple organ failure and fa-
tality* ®. However, a considerable number of the SFTS re-
ports in the present study measured CRP levels in countries
with longer life expectancies and more advanced medical
care than in China. Specifically, 26 studies were conducted
in Japan, 12 in Korea, and only three in China*®. When ap-
propriate medical care is provided for complicated mixed
infections, deaths due to mixed infections might be rare.
Consequently, even if elevated CRP levels were identified,
they may not have resulted in increased mortality.

Women generally have higher CRP levels than do men.
One potential explanation for this phenomenon is the exis-
tence of sex-specific relationships between CRP and obesity.
Specifically, it has been postulated that CRP levels increase
to a greater extent with increasing adiposity in women than
in men®”. However, men have higher plasma levels of in-
nate immune cytokines, which may contribute to the up-
regulation of CPR production®?. Men are more susceptible
to severe symptoms and corona virus disease 2019 (COV-
ID-19)-associated mortality than are women®?, and median

CRP levels are significantly higher in male vs. female pa-
tients with COVID-19%. Men have greater disease severity,
with significantly higher intensive care unit admission and
hospital mortality®?. These findings may reflect the affect of
sex hormones and sex chromosomes on immune cells and
their regulatory genes®?. With regard to SFTS, the overall
reported case fatality rate was 15.3% among 2,938 patients,
with a higher incidence observed in men than in women®.
In individuals with SFTS, the immune response has been
shown to differ according to sex™. These differences may
have potentially influenced the CRP levels in the male and
female participants in this study.

The present study is limited by several factors. The num-
ber of cases was small, and previous case reports from dif-
ferent back grounds were analyzed. Additionally, the timing
of CRP measurement from SFTS onset varied, making it
unclear whether the patient’s CRP level remained negative
throughout the entire course of the SFTS-associated infec-
tion. Additionally, the CRP measurement method may have
differed among the previous reports. Therefore, further pro-
spective studies are necessary to address these limitations.

I Conclusion

The present study demonstrates that in cases of SFTS,
initial serum CRP levels exceeding 0.3 mg/dL indicate the
potential for a mixed infection other than an SFTS-asso-
ciated infection and male prevalence. Further prospective
studies are necessary to confirm whether the findings of the
present study are generalizable among patients with SFTS.
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