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Abstract

This article reviews the diagnostic options used in the differentiation of two almost identical

diseases in terms of clinical presentation, i.e. adult-onset Still's disease (AOSD) and sepsis.

At  the  initial  stage  of  the  diagnostic  process,  differentiating  between  these  two

pathogenetically distinct disease entities is difficult and sometimes impossible. Both AOSD

and sepsis are characterised by a turbulent inflammatory response, difficult to control in the

early stage of the disease. High fever and serum biomarkers of inflammation do not clearly

indicate  a  specific  condition  but  only  make  it  difficult  for  clinicians  to  make  a  correct

diagnosis and apply effective treatment. Over the last dozen or so years, global literature has

proposed several solutions, including determining specific serum markers to indicate a higher

probability of the occurrence of a specific disease, which may facilitate further diagnostic

procedures.

https://doi.org/10.5603/rf.103398
mailto:s82950@365.sum.edu.pl


Among the listed biomarkers, it is worth distinguishing those whose concentration in serum is

significantly higher in the case of Still's disease. These include ferritin, haem oxygenase 1,

lymphocytosis, platelet morphological indices such as PMR — platelet (PLT) to mean platelet

volume (MPV) ratio and PPR —  platelet anisocytosis index (PDW) and platelets (PLT) to

anisocytosis index (PDW) ratio, interleukin 18 (IL-18), neutrophil (n) CD64 index profile and

miRNA profile  expression.  The  markers  indicative  of  sepsis  should  also  be  considered.

Heparin-binding protein, delta neutrophil index, mean platelet volume (MPV) and red cell

distribution width (RDW) show higher levels in the cases of sepsis. Correlation of multiple

biomarkers and combined determination of ferritin with several parameters such as platelet

hematocrit, IL-18 or sCD163 also seem to be helpful.

Currently,  there is  no single,  highly sensitive and specific marker to reliably discriminate

between sepsis and adult-onset Still's disease. Some of the discussed markers are presently

still only of scientific interest and their use in routine practice may be difficult due to the high

cost of determination as well  as methodological and technical difficulties. Therefore,  it  is

necessary  to  further  search  for  potential  biomarkers  and  critically  interpret  the  currently

available indicators.
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Introduction

Adult-onset  Still's  disease  (AOSD),  due  to  the  rapid  development  of  modern  diagnostic

methods, is an increasingly recognised condition [1]; however, the correct diagnosis of that

disease entity is still quite challenging for clinicians. In the 1970s, the disease was described

by E.G. Bywaters [1]. The disease, unlike juvenile idiopathic arthritis, occurs in patients over

the age of 16. It is characterised by, inter alia, joint pain, fever above 39°C, unresponsive to

antibiotic therapy, a salmon-coloured maculopapular rash and leucocytosis with predominant

neutrophilia  [1–3].  The  1992  Yamaguchi  classification  criteria  are  indispensable  in  its

diagnosis (Tab. 1). These relate to clinical features, laboratory tests  and exclusion factors.

Considering  other  diseases,  such  as  lymphomas,  polyarteritis  nodosa  or  sarcoidosis,  the

clinical course of which may be similar to Still's disease, the application of the classification

criteria helps to distinguish AOSD from other disease entities [1]. Similar symptoms are also

found in sepsis, which involves the haematopoietic system and other vital organs and body

systems, which is why sepsis remains a diagnostic challenge for modern medicine. A systemic



infection such as sepsis manifests itself by, among other things, a body temperature above

38°C or below 36°C, tachycardia, leukocytosis and elevated inflammatory parameters [4]. It

is important to mention the different way of treatment of Still's disease and sepsis, which is

crucial for the patient's health. In AOSD, glucocorticosteroids and biological drugs are the

treatment of choice, whereas in sepsis, antimicrobial therapy is the key solution [1, 4].  In

recent years, the differential diagnosis of  Still's disease and sepsis has focused primarily on

finding  appropriate  biomarkers  that  provide  a  solid  basis  for  their differentiation  [2]. In

diagnostic  procedures,  it  is  sometimes  proposed  to  determine  such  indicators  as  ferritin

concentration,  interleukin  18  (IL-18)  or  platelet  count,  but  none  of  those  parameters  is

routinely and commonly used [3]. The diagnostic value of single differentiating parameters is

limited, therefore a correlation of two or more biomarkers is preferred [2]. This review article

illustrates the importance of precise diagnosis, as failure to differentiate between AOSD and

sepsis results in delayed diagnosis and, consequently, in inappropriate or delayed treatment

and a life-threatening condition for the patient [2].

Table 1. Yamaguchi classification criteria of adult-onset Still's disease (AOSD)

Major criteria Fever > 39°C lasting one week or longer

Joint pain lasting two weeks or longer

Typical  macular  or  maculopapular  salmon-coloured  rash

(transient, often accompanying fever)

Leukocytosis ≥ 10000/µmol, granulocytosis ≥ 80%

Minor criteria Sore throat

Lymphadenopathy

Hepatomegaly or splenomegaly

Elevated aminotransferase and/or lactate dehydrogenase levels

Negative  test  results  for  rheumatoid  factor  (IgM  class)  and

antinuclear antibodies (by immunofluorescence)

Exclusions Infections, including sepsis and Epstein-Barr virus infection

Neoplastic diseases (lymphomas)

Inflammatory diseases (nodular arteritis)

Diagnosis At least five criteria, including two major criteria and at least three

minor criteria, no exclusion criteria



The article was prepared based on a review of the literature available in the PubMed and

Scopus databases using a combination of keywords: AOSD, adult-onset Still's disease, sepsis,

bloodstream  infection,  clinical  manifestations,  differential  diagnosis,  biomarkers,  platelet,

ferritin, interleukin, treatment. The review covered the period from 2001 to 2023.

Pathogenesis of AOSD

The aetiopathogenesis of AOSD is still unknown. However, factors such as an imbalance in

innate and acquired immunity or increased levels of pro-inflammatory cytokines contribute to

disease progression [5, 6]. The starting point of the pro-inflammatory cascade is likely to be

specific danger signals, such as pathogen-associated molecular patterns (PAMPs) or damage-

associated molecular patterns (DAMPs). The danger signals are transmitted to macrophages

and neutrophils via Toll-like receptors (TLRs), which then activate inflammasomes, including

NACHT, LRR and PYD domain-containing protein 3 (NLRP3), which then leads to caspase

activation and overproduction of active IL-1β [7–11]. This step appears to be crucial in the

pathogenesis of AOSD, leading to intense activation of immune cells and overproduction of

several pro-inflammatory cytokines, including IL-6, IL-8, IL-17, IL-18 and tumor necrosis

factor (TNF) [7–11]. Additionally, several other factors actively contribute to a heightened

inflammatory response, which is often referred to as a “burst” or “storm” of cytokines [10,

12]. Apart from IL-1, which triggers retrograde activation of macrophages and neutrophils,

various alarmins, such as S100 proteins and advanced glycation end products (AGEs) are

involved in that process [8, 10, 11, 13–16]. In addition to amplifying mechanisms, deficiency

or  dysfunction  of  regulatory  and  anti-inflammatory  mechanisms,  including  deficiency  of

regulatory T cells or natural killer (NK) cells, insufficient production of IL-10, deficiency in

the clearance of lipid mediators or production of soluble AGE receptors (sRAGE) and other

resolution associated molecular patterns (RAMPs), are important factors in the pathogenesis

of autoinflammatory diseases [11, 17–20]. Moreover, genetic background appears to be an

important factor in the pathogenesis of AOSD. Previous studies have shown a correlation

between genetic susceptibility and polymorphism of the human leukocyte antigens (HLA),

including HLA-Bw35, -B17, -B18, -B35, -DR2, -DR4, -DR5, -DQ1, -DRw6, -DRB1 and

-DQB1 [6, 21]. Although many HLA alleles have been associated with disease predisposition,

a trigger factor still needs to occur to start the chain reaction of inflammation. Some of the



clinical manifestations of AOSD, such as fever, lymphadenitis or increased liver enzymes,

resemble viral or bacterial infection, suggesting that infection may initiate the inflammatory

response in the course of AOSD. Reported infectious aetiological agents include adenovirus,

human immunodeficiency virus (HIV), mycoplasma pneumoniae, parvovirus B19, Epstein-

Barr virus (EBV), rubella virus, measles morbillivirus (MeV), hepatitis virus, influenza virus,

rubella, and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which emerged

in late 2019 [6, 22, 23].

Clinical picture of AOSD

Fever is the most common clinical symptom in patients with AOSD, occurring almost daily

during the active phase of the disease. The onset is sudden, with temperature often exceeding

≥  39°C,  rising  in  the  afternoon  or  early  evening.  In  addition,  the  fever  may  resolve

spontaneously.  In  some  cases,  it  may  be  the  only  clinical  manifestation  of  AOSD  and

therefore  constitutes  an  important  diagnostic  issue  when  assessing  a  fever  of  unknown

aetiology. Joint pain is the second most common symptom in Still's disease, occurring both

with  and  without  fever.  All  joints  of  the  body  are  affected.  In  the  initial  stages,  joint

involvement is usually mild and transient. Then, the joint pain gradually progresses to chronic

arthritis.  Commonly  described  symptoms  of  the  disease  include  a  salmon-pink  colour

transient skin rash accompanied by fever. AOSD may also manifest itself with other non-

specific  symptoms,  including  pharyngitis,  myalgia,  lymphadenopathy,  hepatomegaly,

splenomegaly, pleuritis and pericarditis [11, 24–26].

Concerning the clinical course, AOSD can be divided into three classic patterns: self-limiting

(lasts < 1 year), recurrent (recurrence of symptoms may be frequent) and chronic (symptoms

persist continuously for a year). Approximately 19–44% of AOSD patients demonstrate a self-

limiting  pattern  with  a  one-off  occurrence  of  clinical  symptoms.  Patients  have  only  one

symptomatic  episode  and  full  resolution  of  symptoms  is  achieved  after  a  few  weeks  or

months.  Approximately  10–41% of  patients  experience  a  multiple  pattern,  where  several

discrete relapses of systemic or joint symptoms occur,  with periods of remission between

episodes. Moreover, approximately 35–67% of patients have a chronic disease with a high

incidence of joint symptoms, usually involving the wrists, knees and ankles, which may lead

to erosive arthritis [10, 11, 24, 25]. There are rare but life-threatening complications of AOSD,

such as macrophage activation syndrome (MAS), diffuse alveolar haemorrhage, thrombotic

thrombocytopenic purpura (TTP), pulmonary hypertension and meningitis, which should be



recognised  as  early  as  possible  and  treated  promptly  to  reduce  the  progression  of

complications and mortality [24, 27].

Both the clinical picture and laboratory markers of Still's disease may resemble sepsis, which

significantly complicates appropriate and early diagnosis. Despite the low prevalence of that

disease  entity,  patients  with  AOSD  are  often  misdiagnosed  and  treated  inappropriately.

Therefore, it is important to increase the diagnostic precision of AOSD, especially to quickly

distinguish it  from sepsis. Due to the lack of specific disease markers,  there is  a need to

determine a more detailed procedure for the differential diagnosis of AOSD and sepsis [28].

Differential diagnosis of AOSD and sepsis

Early  diagnostic  differentiation of  sepsis  and systemic  autoinflammatory diseases  such as

AOSD is a significant challenge in clinical practice. Several biomarkers have been proposed

to distinguish between these two disease entities at an early stage of progression. 

Haem oxygenase 1 is a 32,000 Da microsomal enzyme that breaks down haem to carbon

monoxide, ferrous ions and biliverdin. It is produced by. e.g., monocytes and macrophages

[29]. Ferritin is an intracellular protein that belongs to the acute phase proteins alongside C-

reactive proteins (CRP), haptoglobin or ceruloplasmin. It is responsible for the storage of iron

in the liver, which is then used in the synthesis of haemoglobin [29].

Both markers are valuable diagnostic tools in the recognition of Still's disease. Concentrations

of both ferritin and haem oxygenase-1 are significantly higher in patients in the active phase

of the disease compared to the control group of healthy individuals and those in the remission

stage of the disease. Furthermore, these markers can also be used as indicators of disease

relapse in patients with short remission times. This allows the conclusion that both ferritin and

haem oxygenase-1 can be referred to as biomarkers of AOSD and could be included in the

Yamaguchi criteria, as their elevated levels indicate Still's disease with high probability [29].

Low  glycated  ferritin  concentrations  may  also  indicate  Still's  disease  in  the  presence  of

atypical pulmonary involvement, indicative of infectious disease. The normal glycated ferritin

level is between 50 and 80%. In three patients with pulmonary symptoms, its levels were 11,

6 and 12%, respectively, which shows that it may also be an auxiliary diagnostic marker [30].

Heparin-binding protein (HBP) seems to be a promising marker in the differential diagnosis

of AOSD and sepsis. It is produced by neutrophils in response to a developing infection in the



body. Relevant to the issue addressed in the article are the different HBP concentrations in

both active and inactive forms of AOSD. A higher concentration of HBP is observed in the

case of sepsis. Additionally, its level — like that of CRP or procalcitonin — increases in the

case of inflammation. This indicates the high diagnostic value of the protein in the case of

inflammatory diseases, as well as the disease entities under consideration [31].

The  delta neutrophil index (DNI) may be another helpful marker for diagnosis. This is the

ratio of immature neutrophils to the total number of neutrophils in the peripheral circulation.

That parameter is calculated automatically. Based on the research, its concentration is slightly

lower in patients with AOSD than in those with sepsis. Studies indicate that DNI may be a

helpful  indicator  in  the  early  stages  of  the  disease.  DNI  enables  the  prognosis  of  sepsis

probably better than other parameters, such as WBC or CRP. It is a disease-specific indicator

[32].

Mean platelet volume (MPV) is a typical indicator of inflammation in the body. Its value is

routinely  given in  peripheral  blood smear  test  reports.  While  preparing  the  paper,  it  was

noticed that the MPV value was lower in patients with AOSD than in the group of patients

with sepsis. The diagnostic value increases with the simultaneous determination of ferritin

levels. Their simultaneous measurement (MPV/ferritin) may indicate a specific disease entity.

Low MPV and high ferritin are a typical picture of AOSD. In addition, the price of MPV

determination is low, thus its every-time measurement seems reasonable [33, 34].

Red cell  distribution  width (RDW) is  another  helpful  indicator  in  differentiating  between

sepsis  and  Still's  disease  in  the  early  phase  of  the  occurrence.  It  is  usually  used  in  the

diagnosis of anaemia. This is because the automatic measurement method allows differences

in red blood cell size to be determined. It was observed that in the case of sepsis, the RDW

value is higher than in the case of Still's disease, and in both of these groups - higher than in

the healthy control group. In contrast,  haemoglobin and haematocrit  values did not differ

between the two groups, and RDW was inversely proportional to them. In turn, no significant

correlations were found between RDW values and CRP, ferritin or WBC [35].

It is presumed that the RDW value may reflect precise changes in inflammation within a

narrow  spectrum  and  within  a  short  time  after  hospitalisation.  Furthermore,  it  is  worth

remembering that this is a cheap marker to implement. However, it should not be determined

as a stand-alone parameter, but only as a supplement to ferritin concentration tests, the value

of which is significantly higher in patients with AOSD [35]. 



Other parameters worth paying attention to are platelet haematocrit and lymphocytosis. The

number of  lymphocytes  is  significantly higher  in  patients  with  AOSD compared to  those

diagnosed with sepsis.  These parameters  should be considered together  with ferritin.  The

relatively low cost also argues in favour of their determination each time. The simultaneous

determination  of  PCT,  lymphocytes  and  ferritin  shows  significant  diagnostic  value  in

differentiating AOSD from sepsis [36]. At the same time, platelet haematocrit is a parameter

in the case of which many shortcomings have been found. The way in which retrospective

data are measured and analysed does not fully reflect the true value of that parameter [37].

A helpful indicator for differentiating AOSD from sepsis is the PPR — platelet anisocytosis

index (PDW) and platelets  (PLT) to  anisocytosis  index (PDW) ratio.  Its  diagnostic  value

increases when determined in combination with ferritin. In both AOSD and sepsis patients,

the PPR value is increased compared to the control group. A higher PPR value is noticed in

patients with AOSD compared to those diagnosed with sepsis. PPR — like ferritin — is easy

to determine, which further proves its significant diagnostic value [38]. However, the situation

is different in the case of PDW (platelet anisocytosis index ), which is higher in patients with

sepsis [38].

Another helpful platelet parameter to distinguish between sepsis and Still's disease may turn

out to be PMR — platelet count (PLT) to mean platelet volume (MPV). The PMR value is

significantly higher in patients with AOSD compared to those with sepsis. It is a marker that,

as one of several possible markers described above, can be determined together with ferritin

to distinguish between Still's disease and sepsis. It can also be determined on its own, the cost

of which is low. The parameters (PLT and MPV) required for PMR are not challenging to

diagnose [28].

The miRNA profile (miR-142-5p, miR-101-3p, miR-29a-3p, miR-29c-3p and miR-141-3p) is

also an interesting marker.  miRNAs are single-stranded molecules,  the length of which is

from 21 to 23 nucleotides. They do not encode genetic information but are responsible for

regulating translation and modulating messenger RNA, thereby ensuring gene expression. In

patients  with  AOSD, the  expression of  the  miRNA profile  is  significantly  higher  than in

patients diagnosed with sepsis. Moreover, the level of miRNA also correlates with the activity

of Still's disease. In the case of miR-101-3, the level increases similarly to other markers of

inflammation, i.e. IL-6 or TNF-α [39].



IL-18 is a pro-inflammatory cytokine belonging to the IL-1 family. It is produced by, e.g.,

monocytes  and  macrophages.  Most  possibly,  it  is  responsible  for  the  activation  of  Th1

lymphocytes, which play a key role in the production of interleukins [IL-2, interferon gamma

(INF-γ), TNF-α] in patients with AOSD [40]. FGF-2, in turn, is a fibroblast growth factor

responsible for, e.g., embryogenesis, cell growth, healing processes but also tumour growth

and development [41]. As studies have shown, relatively high levels of IL-18 are observed in

AOSD patients compared to sepsis patients.  IL-18 levels correlate positively with FGF-2,

which is also a useful marker for differentiating AOSD and sepsis [40, 41].

Another diagnostically relevant marker may be the neutrophil (n) CD64 index profile. nCD64

is a high-affinity receptor for IgG, localised on neutrophils. That receptor is helpful in the

diagnosis of sepsis, as its expression on neutrophils increases after contact with inflammatory

cytokines or IFN-γ. A higher expression of nCD64 is observed in patients with Still's disease

— compared to those diagnosed with sepsis. It should be mentioned that there is a positive

correlation between nCD64 and procalcitonin or CRP [42].

sCD163 is a serum marker, the role of which in the diagnosis may be of great importance

since its concentration is linked to ferritin produced by macrophages. The concentration of

that marker is higher in people with active Still's disease, whereas no significant difference in

sCD163 concentration was observed in patients with AOSD and sepsis. This means that the

marker should not be used to differentiate between AOSD and sepsis, but only for active or

inactive Still's disease. However, a positive correlation between sCD163 and ferritin levels

was observed in patients with AOSD, which ultimately allows, thanks to the use of the second

marker, to differentiate between AOSD and sepsis. In a study from 2014, the concentration of

sCD163 in the lymph nodes of patients was detected using the ELISA method, which enabled

the scientists to draw the above conclusions [43].

Below, there is a comparison of the described diagnostic markers and a determination of their

usefulness in the differential diagnosis of AOSD and sepsis based on a review of the literature

(Tab. 2).

Table 2.  Biomarkers and their relevance in the differential diagnosis of Adult-onset Still's

disease  (AOSD) and sepsis

Biomarker Diagnostic significance

Ferritin Further studies are needed to include the biomarker in the



Yamaguchi criteria

Glycated ferritin Further  studies  are  needed  to  determine  the  diagnostic

utility

Haem oxygenase 1 (HO-1) Further studies are needed to include the biomarker in the

Yamaguchi criteria

Heparin-binding protein Useful for diagnosis

Delta  neutrophil  index

(DNI)

Useful  for  diagnosis  in  the  early  disease  stage,

complementary to ferritin

Mean  platelet  volume

(MPV)
Useful for diagnosis, complementary to ferritin

PMR  —  platelet  count

(PLT)  to  mean  platelet

volume (MPV) ration

Useful  for  diagnosis  as  a  single  or  complementary

biomarker

PPR — platelet anisocytosis

index  (PDW)  and  platelets

(PLT) to anisocytosis  index

ratio

Useful for diagnosis, correlation of PPR and ferritin

Platelet haematocrit (PLT) Useful for diagnosis, complementary to ferritin

Red cell  distribution  width

(RDW)
Useful for diagnosis in the early disease stage

Lymphocytes Useful for diagnosis

Non-coding RNA molecules Further  studies  are  needed  to  determine  the  diagnostic

utility

Interleukin 18 (IL-18) Useful for diagnosis, correlation of IL-18 and ferritin

Useful for diagnosis, correlation of IL-18 and FGF-2

sCD163 Useful for diagnosis, positive correlation with ferritin

nCD64 Useful for diagnosis

Conclusions

To sum up, this review shows that the determination of the described biomarkers in serum can

be  used  in  diagnosis  for  the  early  differentiation  of  AOSD  and  sepsis.  Additionally,  the

determination of these parameters may be useful in monitoring the progress of Still's disease.

Higher concentrations of ferritin, haem oxygenase 1, lymphocytes, some platelet parameters

and interleukin-18 strongly support the diagnosis of AOSD, whereas an increase in heparin-



binding  protein  or  an  elevated  delta  neutrophil  index  suggest  the  occurrence  of  sepsis.

Nevertheless, further studies are necessary to confirm the findings and justify their application

in clinical practice.
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