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Abstract

Serositis and intermittent fever with cyclic white cell count elevations above
normal range pose diagnostic challenges. Identifying specific biomarkers
may allow for earlier treatment and improved quality of life for those diseases
that share common symptoms and fall ambiguously in the domain of the
rheumatologist, the infectious disease specialist or the hematologist. As our
approach to diagnostics is growing increasingly sophisticated and molecular
tools are becoming more commonplace, genotype-phenotype correlations
should become immediately clinically useful.
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Introduction

Serositis and intermittent fever with cyclic white cell count
elevations above normal range pose a diagnostic challenge to the
rheumatologist, the infectious disease specialist or the hematologist
(Table 1).

These common symptoms may pique suspicion, particularly
in children and adolescents, for the autoimmune diseases juvenile
rheumatoid arthritis [1-3] and lupus erythematosus [4,5], they are
encountered in Lyme disease from infection with Borrelia burgdorferi
infection [6,7], in reactions adverse to Mycobacterium tuberculosis [8],
and in the delayed responses to the Treponema pallidum bacteria in
congenital syphilis [9-11] Episodes of fever and involvement of skin,
serous membranes, eyes, joints, gastrointestinal tract, and nervous
system, predominantly with a childhood onset are characteristic of
twelve known monogenic autoinflammatory syndromes [12]. In the
autoinflammatory syndromes, aberrant inflammasome activation
originates from innate immune system dysregulation [13] Identifying
the underlying cause for the common symptoms based on clinical
findings alone is difficult. Pathologic changes underlying the common
symptoms are characterized by unique biomarkers. Biomarkers are
anatomic, physiologic, biochemical, molecular, or genetic parameters

Table 1: Autoimmune and autoinflammatory syndromes infectious and
hematologic groups of diseases characterized by cyclic leukocytosis and
intermittent fever.

Medical Syndromes and diseases characterized by intermittent
Specialty fever and cyclic leukocytosis

¢ Juvenile rheumatoid arthritis

¢ Systemic lupus erythematosus

* Periodic fever Syndromes
Rheumatology ® Familial Mediterranean Fever

® Lyme disease
Infectious ® Tuberculosis

R . o
Disease Congenital Syphilis

® Acute and chronic myeloid leukemia
Hematolo ® Acute and chronic lymphocytic leukemia

od ® Hodgkin’s lymphoma

associated with the presence and severity of specific diseases and are
detectable in diagnostic panels by a variety of methods, including
physical examination, laboratory assays, imaging and gene probes
[14]. Spectral karyotype identify numerical and structural markers
of chromosome abnormalities. Biomarkers of autoimmunity are
conspicuously absent in the infectious and inherited febrile joint and
muscle diseases [15].

From our referral file we selected a case study describing an
individual with symptoms typically associated with rheumatologic,
infectious, and hematologic disorders and we dwell on the value of
selecting the distinctive biomarker capable of differentiating one
disease entity from others.

Case study

The individual, a middle aged white female, was referred for
investigation of chronically elevated white cell counts above the
normal range. Permission from the patient was granted to describe
the case. Born in 1959 she is of Ashkenazi Jewish heritage and she
was frequently sick at 6 years old with low grade fevers, intermittent
joint pain, and stiffness in knees with that made her too ill to attend
school. A persistence of childhood symptoms for 15 years past
adolescence was associated with episodic anemia, lymphocytosis, and
mild thrombocytopenia that the pediatrician attributed to Epstein
Barr virus but the infectivity was never confirmed. She was diagnosed
with manic depressive bipolar disorder at age 20 and began lithium
treatment. Her obesity was controlled by bariatric surgery at age
44. Her mother is in excellent health, father died from lung cancer,
younger sister was diagnosed at 14 years of age with rare brain tumor
treated with radiation, and older sister had a mature ovarian cystic
teratoma removed at age 19.

Laboratory data

To aid the search for a diagnosis, leukemia and preleukemic
syndrome were investigated when she was 20 years old. Histologic
and flow cytometry examination of bone marrow biopsies did not
show evidence of megakaryocytosis, abnormal infiltrates, or abnormal
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Table 2: Leukocyte Count from CBC laboratory results (1995 to 2005). Values
represent leukocyte counts (in billion/liter) from CBC required in the management
of lithium therapy for an unrelated psychiatric condition from 1995-2005. The
counts go as high as 13.4 billion/liter and never return to baseline, remaining
elevated at 8.4 billion/liter. Normal ranges (1.6-7.2 billion/liter).

Leukocyte Count (in billion/liter) from 1995-2005

1995 | 1996 | 1997 | 1999 2000 @ 2001 | 2002 | 2003 | 2004 2005
11.0 | 109 | 9.2 9.1 134 114 | 105 | 88 10.5 | 13.2
134 114 114 | 91 8.4 8.7 1.2 | 108 12.1
109 | 124 110 109 114 | 89 1.4 114 13.1
11.0 | 100 | 9.0 9.1 1.2 114 134 125 171
134 | 129 | 9.8 9.1 105 | 84 10.5 12.2
10.9 123 | 109 | 88 10.1

cell maturation. The Philadelphia chromosome, a translocation
between chromosomes 22 and 9, was not detected in the spectral
karyotype analysis. Flow cytometry results on peripheral blood were
unremarkable. Autoimmune disorder was ruled out by reports of
negative test results for antinuclear antibody, anti-DNA antibody,
anti- smooth muscle antibody, and anti- mitochondrial antibody. The
unexplained leukocytosis was rediscovered in 1995 blood counts to
monitor her lithium therapy when she was 36 years of age. In Table
2, bimonthly leucocyte counts taken from CBC test results in years
1995, 1997, 1999, 2000, 2005 are presented. Although no data was
found for year 1998, and data presented for 1996, 2001, 2002 and
2004 is incomplete, test results compiled in Table 2 demonstrate a
clear pattern of cyclic leukocytosis with counts reaching above 13
billion per Liter in 5 instances, two of them occurring in 1995. At 8.4
billion per Liter the lower counts are significantly above the normal
range of 1.6 to 7.2 billion per Liter.

In Table 3 uric acid and micro-albumin to creatinine ratio
test results confirm previous findings in year 2003 of mild renal

impairment. C -reactive protein a biomarker of chronic inflammation
is measured by highly sensitive antibody assay. Result at 0.2mg/dL is
elevated above the upper limit of the normal range (0.08 mg/dL).

In figure 1 reproduced with permission, C-reactive protein
also measured by highly sensitive antibody assays in pediatric
inflammatory bowel disease, patients with measurable standard
C-reactive protein levels between 0.01 and 1 mg/L had active disease
[16].

Tentative diagnosis

We considered familial Mediterranean Fever for the lifelong

100 X Patients with active disease
.t @ Patients with quiescent
10k alliac disease
5 mg/L B Patients that had measurable
1k x* standard CRP levels
X
< .
[=1] *x
E 01 )'(:o
xxx,:
Xx
0.01 | v
0.001
CRP (mg/L)

Figure 1: Reproduced with permission, C-reactive protein measured by
highly sensitive antibody assays in peadiatric inflammatory bowel disease,
patients with measurable standard C-reactive protein levels between 0.01
and 1 mg/L had active disease [16].

Table 3: Laboratory Data from 1 year prior to referral. The table illustrates the laboratory findings significant for elevated triglycerides, elevated uric acid, and elevated
micro-albumin to creatinine ratio. C-reactive protein a biomarker of chronic inflammation was elevated at 0.2mg. Elevated C-reactive protein and elevated microalbumin
were first identified when she had a gastric bypass in 2003. They were interpreted as indicating early renal damage as well as a chronic inflammatory condition.

Laboratory test Concentration Normal range Significance
Vitamin D 16ng 15.0-57.0ng Within normal range
C-peptide 47ng 0.5-5.0 ng Marker for high levels endogenous insulin after high glucose intake or insulin resistance
RBC folate 556 ng/mL <281 ng/mL Adequate
Hematocrit 42.3% 35.4-44.2% Within normal range

Pre-albumin 39.1 mg/dL 18-45 mg/dL Within normal range

Cholesterol 187 mg/dL <200 mg/dL Within normal range
Triglyceride 252 mg/dL <200 mg/dL Elevated

Low Density Lipoprotein 78 mg/dL <100 mg/dL Within normal range
Uric Acid 6.9 mg/dL 2.4-6.0 mg/dL Elevated

TSH 1.30 IU/mL 0.5-5.0 lU/mL Within normal range

Hemoglobin A1C 5.5% 3.5-6.0 Borderline elevated

Vitamin B-12 490 pg/mL 271-870 Within normal range
Microalbumin: creatinine ratio 74 mg/dL 3-30 mg/dL Elevated
C-reactive protein 0.2 mg/dL 0-0.08 mg/dL Elevated
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fluctuating leukocyte counts, chronic cyclic joint pain and
stiffness, intermittent fever, anemia, elevated acute phase response
C-reactive protein, absence of hematopoietic disorder, and elevated
microalbumin to creatinine ratio indicative of altered kidney function.
Familial Mediterranean Fever is an autoinflammatory disorder, one
of four monogenic periodic fever disorders [17]. Nonetheless, at age
44 years, her European heredity, her lifelong symptoms, and the
biochemical and molecular parameters detected in the laboratory,
none characterize familial Mediterranean Fever to the exclusion of
all other disorders.

Clinical suspicion of familial Mediterranean Fever remains
closely coupled with a history of acute serosal episodes, ethnicity,
and a positive family history [18]. Physical exam may demonstrate
febrile symptoms during an attack, however patients are typically
asymptomatic between episodes. Patients are often misdiagnosed
with appendicitis due to presentation with an acute abdomen [19].
Laboratory studies are also nonspecific, with elevated levels of
acute phase plasma proteins and possible proteinuria secondary
to amyloidosis depending on the age of the patient and relative to
time elapsed since the last episode. Erysipelas-like skin symptoms as
well as Henoch-Schonlein purpura-like vasculidities have also been
described in familial Mediterranean Fever [20-22].

Unique Biomarkers

In our case study, familial Mediterranean Fever diagnosis was
confirmed by the finding of two polymorphisms, E148Q and V726A,
previously characterized as disease-associated alleles [22-24]. Her
mother carries both polymorphic E148Q and V726A alleles and the
inherited E148Q allele from her father distinguishes her as carrier
of the disease. Both E148Q and V726A polymorphisms have been
associated with a more mild, waxing and waning form of familial
Mediterranean Fever with amyloidosis occurring later in life relative
to other mutations [23], however, it is highly likely that there are
numerous environmental and genetic modifying factors associated
with alterations in phenotype [25-27]. This case study illustrates
the concept of genotype-phenotype correlation within familial
Mediterranean Fever, and aligns with current epidemiological data
that suggests numerous different clinical presentations of familial
Mediterranean Fever due to various interactions of different alleles as
well as interactions on an epigenetic level [26,27]. Specific genotype-
phenotype relationships have already been elucidated particularly
regarding differential presence and severity of amyloidosis within
the E148Q allele [26,28]. The genotype present in this patient likely
explains the somewhat atypical presentation without the classic
abdominal and serosal symptoms. Inheritance of E148Q from two
parents with good renal function may explain the relatively late
onset of her mild renal impairment. She was prescribed colchicine
0.5 mg tablets twice daily that she claimed she could not tolerate and
she requested a referral to another academic medical center. Repeat
testing of the patient’s pyrin gene confirmed both polymorphisms
and she was advised to take colchicine and again she abstained. Her
psychiatric condition constitutes a major concern. In regular reports
from her nephrologist her kidney functions remain stable. The
possible relationship between non-target pharmacologic alterations
of FMF symptoms, perhaps with long term lithium therapy, as
potentiation or attenuation, does not appear to be detailed in the
literature and certainly merits further study.

Analysis and Interpretation
Epidemiology

Classic familial Mediterranean Fever is a monogenic
autoinflammatory disorder occurring almost exclusively among
ethnic groups of the Mediterranean basin [12,29]. A population
based survey reveals an extremely high familial Mediterranean Fever
carrier incidence of 1:3 in Armenia with a prevalence estimated to
be 1:500 in Armenians. In Sephardic Jews the prevalence of FMF is
estimated to be 1 per 250 to 1 per 1,000, with a much lower carrier
incidence (1 per 73,000) in Ashkenazi Jews. Familial Mediterranean
Fever is also found in Arabs, Greeks, Cubans, Belgians, and in
Sweden, Germany, Korea, Japan, with a worldwide prevalence
estimated at 100,000 - 150,000 patients [12,29]. It is now understood
that disease presentations may not include the classic findings and
atypical clinical symptoms are frequently reported in individuals of
non-Mediterranean origin. In Table 4 non-Mediterranean ancestry is
not cause to rule out the diagnosis [30-38].

Listed in Table 5 are the predominant MEFV genetic
polymorphisms altering pyrin function in various Ethnic Groups
adapted from Gershoni-Baruch R, [23]. Several polymorphisms
in MEFV occur at increased frequency in different ethnic groups.
The M694V mutation is associated with the most severe, classic
presentation of familial Mediterranean Fever. The V726A and
E148Q mutations are associated with a less severe form of familial
Mediterranean Fever.

Table 4: Predominant MEFV genetic polymorphisms altering pyrin function
in various Ethnic Groups. Familial Mediterranean Fever patient phenotype is
variable and partially predictable based on genotype. Several polymorphisms
in MEFV have been observed to occur at increased frequency in different
ethnic groups. The M694V mutation is associated with the most severe, classic
presentation of familial Mediterranean Fever. The V726A and E148Q mutations
are associated with a less severe form of familial Mediterranean Fever. Adapted
from Gershoni-Baruch R [23].

MEFV genetic
Ethnic Groups polymorphisms that alter
pyrin function
Jordanians, Syrians, Egyptians, Moroccans,
Tunisians, Iranians, Turks, North African Jews, M694V
Iragi Jews

Jordanians, Egyptians, Algerians M6941
Iranians, Turks M680I
Jordanians, Egyptians, Israelis, Ashkenazi Jews V726A
Ashkenazi Jews E148Q

Table 5: Mutations commonly detected in the pyrin protein secondary to MEFV
genotyping in patients indicating a diagnosis of FMF. These mutations are
estimated to account for 85% of FMF patient disease causing polymorphisms
[7]. Various combinations of these alleles as well as of yet uncharacterized
polymorphisms have been associated with differing clinical presentations and
are disproportionately prevalent depending on the particular population being
surveyed.

Commonly Encountered FMF Mutations in pyrin protein
E148Q*

M680I

M694Vt

M694I

V726A*
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Patients with atypical clinical presentation are prone to first
experience symptoms at a later age (approximately 21.6 years), they
are more likely to be misdiagnosed, and less likely to experience
arthralgia. The most dire consequence of chronic untreated familial
Mediterranean Fever is renal amyloidosis. Excessive release of the
amyloid AA protein isa consequence of the hyperactive inflammatory
response [28]; it is fully preventable with proper colchicine therapy
[31-32]. In untreated individuals amyloidosis and subsequent renal
disease typically occurs by age 40 [30]. In Mediterranean and non
Mediterranean individuals, proper colchicine therapy dramatically
reduces the incidence of febrile and serosal symptoms and also
prevents the renal disease caused by amyloidosis [30-35,37,38].

The diagnostic tool with the highest specificity and sensitivity is
analysis of the MEFV gene to detect disease-causing polymorphisms
[23] Prior to the advent of the genetic testing for MEFV mutations,
diagnosis of familial Mediterranean Fever was based on the response
of the patient to prophylactic colchicine therapy [22]. Targeted
molecular diagnostic testing is typically initiated by first screening
for the most common polymorphisms with subsequent full gene
sequencing if negative [24]. Diagnosis of familial Mediterranean
Fever based on gene sequencing allows for determination of those
whose clinical presentation does not match the classic definition
of the disease [29]. Ashkenazi Jews with familial Mediterranean
Fever are most frequently V726A homozygotes versus non-
Ashkenazi Jews with familial Mediterranean Fever who tend to be
M694V homozygotes. Compound heterozygosity is also frequently
encountered in Ashkenazi Jews with familial Mediterranean Fever
[37]. Patients of Ashkenazi Jewish heritage may be more prone to
a familial Mediterranean Fever of mild clinical features relative to
non-Ashkenazi Jews although it is reported that 3.5% of familial
Mediterranean Fever Ashkenazi Jews develop renal failure without
treatment [37]. Detection of the disease in these individuals is of
the utmost importance as even mild renal failure is associated with
increased mortality and decreased quality of life and may be clinically
significant [37].

Autoinflammatory Syndromes

Familial Mediterranean Fever described in 1908 is one of three
known monogenic periodic fevers and one of the twelve monogenic
autoinflammatory syndromes comprehensively reviewed [39,40,43].
Autoinflammatory syndromes differ mechanistically from the
more common and better characterized autoimmune disorders.
Autoinflammation is a disorder of innate immunity whereas
autoimmunity is a disorder of the adaptive immune system. In
autoimmunity, the loss of one’s ability to distinguish self from non
selfis from B and T cell dysfunction and the effectors of inflammation
are autoantibodies produced by B cells and by auto-reactive T
lymphocytes.  Autoinflammatory diseases are characterized by
genetic polymorphisms in the mechanisms which initiate and control
inflammation [41-43].

Inflammasome is a multiprotein intracytoplasmic scaffold
complex that synthesizes the biologically active interleukin (
IL1). Inflammasome is the cell crucial to the regulation of innate
immunity: its proper assembly allows for regular activation of caspase
1 and physiological production of proinflammatory cytokines.
Interleukin (IL 1) is the prototypic master cytokine affecting nearly

all cell types. The erroneous assembly of the inflammasome leads
to an exaggerated conversion of pro IL 1 beta to its active form
and subsequent disproportionate overwhelming inflammatory
response arising without provocation or attack by auto-antibodies
or dysfunctional cytotoxic lymphocytes [43-46].
monogenic inflammatory syndromes, the inflammasome represents
an ideal point of convergence of most of these diseases. The classic
familial Mediterranean Fever phenotype is an autosomal recessive

For the various

condition. Familial Mediterranean Fever is caused by nonsense or
missense mutations on chromosome 16p13.3 in the MEFV gene,
which codes for the pyrin protein [45]. The MEFV gene is expressed
in myeloid cells, and its expression is stimulated by tumor necrosis
factor and interferon gamma. Pyrin is a 781 amino acid expressed
in the cytoplasm of mature monocytes and neutrophils; it is detected
in spleen lung and muscle [46]. In the inflammatory process, pyrin
is an intranuclear regulator of the transcription of inflammatory
peptides and the absence of pyrin function leads to unregulated
production of IL-1 beta and oversecretion of inflammatory cytokines
within neutrophils [47,48,49]. A partially predictable relationship
exists between specific MEFV genotypes and the timing and severity
of the disease, frequently quantified by the degree of associated
renal amyloidosis. M694V homozygotes generally have the most
severe clinical phenotype when compared to other characterized
homozygous mutations as well as various compound heterozygote
allele combinations [50].

Furthermore, the particular genotypes characterized and the
associated haplotypes are differentially assorted between cultural and
ethnic groups suggesting a predictable disease severity and course
given a particular patient’s ethnicity and severity of the particular
pyrin mutation [50,51]. Acute intermittent attacks in familial
Mediterranean Fever develop because of neutrophil activation at
the serosal surface. Serum amyloid AA deposition represents a late
complication of untreated familial Mediterranean Fever. The precise
trigger of the inflammation has been associated with numerous
behavioral and physiological phenomena including strenuous exercise
and cyclic hormone withdrawal in females. These inflammatory
episodes subsequently cause the associated febrile symptoms [38].

Conclusion

Identification of genesinvolved in the modulation of inflammatory
and apoptotic processes have improved our understanding of
mechanisms linked to the aberrant activation of inflammasomes.
The study case presented in this article illustrates the importance
of recognizing a biomarker specific to the diagnosis of diseases
that share common symptoms. As our approach to diagnostics
grows increasingly sophisticated and molecular tools become more
commonplace, it is likely that genotype-phenotype correlations will
become more frequent and immediately clinically useful. Alterations
in the approach to diagnostics with less rigid distinctions may allow
for earlier treatment and improved quality of life for diseases whose
symptoms fall ambiguously in the domain of the rheumatologist, the
infectious disease specialist or the hematologist.
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