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Diagnosis of Crystalline and Septic
Arthritis
Musculoskeletal complaints increase with an
aging population but are experienced by people
of all ages. According to 1995 statistics, over 40
million Americans suffer from musculoskeletal
conditions and these conditions substantially
limit the activity of over 17 million others.
Rheumatic disease accounts for 315 million
physician visits in the United States annually,
representing a significant health care expense.
Since these problems are so prevalent, knowing
when to undertake an evaluation and how to
interpret the data obtained is important for
physicians caring for patients with
musculoskeletal complaints. In this discussion,
we will review the clinical picture and
laboratory investigation of two causes of
inflammatory joint disease - crystalline and
septic arthritis. While crystalline arthritis is more
common, septic arthritis is more serious and
necessitates immediate attention.

Crystalline and Septic Arthritis
History and Physical Exam
The differential diagnosis of monoarticular
arthritis (arthritis involving only one joint)
includes trauma, infectious arthritis, and
crystalline arthritis (such as gout and
pseudogout). It may be difficult to immediately
differentiate between crystalline arthritis and
septic arthritis. The physical examination
should help clarify if there is evidence of joint
involvement and whether an inflammatory vs.
noninflammatory process is present. When
dealing with an acute arthritis, it is important
to obtain a complete history of the patient and
the current episode. Several aspects of the
current episode will help determine the most
appropriate tests to utilize. The duration of
symptoms, rapidity of onset of symptoms, and
any previous similar episodes can help
differentiate between the types of acute and
chronic arthritic processes. The pattern of joint
involvement (number of joints [monoarticular,
oligoarticular, or polyarticular], distribution of

joints [symmetric vs. asymmetric, large vs. small
joint, axial vs. peripheral]) is also important in
the identification of the most likely diagnosis
and the most appropriate testing. Family
history, evidence of inflammatory disease, and
evidence of systemic or constitutional disease
should also be noted.

Crystalline Arthritis
Gout is a disorder of purine metabolism,
characterized by a sudden onset acute arthritis
resulting from deposition of monosodium urate
crystals in connective tissues, articular cartilage,
and synovial fluid (see Photo 1). Pseudogout is
identified by the presence of calcium
pyrophosphate dihydrate (CPPD) crystals
instead of monosodium urate crystals. Many
patients with gout have a strong family history
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Q: Why should I use MML’s 13-mL urine tube when I have a different tube on hand?

A: MML provides the 13-mL urine tube to our clients for several reasons.  MML extensively tests 
various containers before approving one for our customers’ use. Use of the selected container

reduces the risk of specimen loss from container failure. The container we provide has demonstrated
resistance to breakage from freezing/thawing, crushing, and cap leakage. Additionally, the use of the 13-mL
urine tube improves turnaround time, as the specimen is instrument-ready, there is no need to aliquot or
relabel, and the small tubes thaw faster. 
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Abstracts of Interest

Improved Diagnostic Yield of Endoscopic Biliary
Brush Cytology by Digital Image Analysis

Ashwin Rumalla, MD; Todd H. Baron, MD; Olga
Leontovich, MS, CT; Lawrence J. Burgart, MD; Robert
F. Yacavone, MD; Terry M. Therneau, PhD; Piet C. de
Groen, MD; and Thomas J. Sebo, MD, PhD

•  Objective: To evaluate the accuracy of digital image
analysis (DIA) for distinguishing between benign and
malignant strictures of the biliary tract. 

•  Patients and Methods: Our pathology databank was
used to identify all biliary brush cytology specimens
obtained during endoscopic retrograde
cholangiopancreatography between June 1997 and
June 1999. Corresponding medical records were
reviewed to determine whether patients had benign
or malignant strictures. Strictures were further
classified into benign strictures with negative routine
cytology, malignant strictures with negative routine
cytology, and malignant strictures with positive

routine cytology. Papanicolaou-stained smears of
available brush cytology specimens were destained
and then restained with Feulgen dye. Nuclear images
were quantified for DNA content without knowledge
of stricture type. DNA histograms were generated
and ploidy results compared with the class of
stricture. 

•  Results: We analyzed 27 specimens from 69 confirmed
benign or malignant strictures. Assuming that the
presence of any aneuploid cells indicated malignancy,
the sensitivity of DIA was 85%. Furthermore,
aneuploid cells were detected by DIA in 13 of 16
specimens in which routine cytology was
unrevealing.

•  Conclusion: Ploidy assessment by DIA has potential to
enhance the sensitivity of diagnosing malignant
strictures compared with routine cytology alone. 

Mayo Clin Proc. 76:29-33, 2001

DIA = digital image analysis; ERCP = endoscopic
retrograde cholangiopancreatography

Photo 2 – Tophaceous deposits affecting the wrist and hand.

Photo 1 - Urate crystals
under polarizing light
microscopy. Crystals
parallel to the
polarizing light appear
yellow, while those
perpendicular to
the direction of
polarization appear
blue.



As a group, Gram-positive cocci are responsible for the
majority of cases of bacterial infection. The following is a
partial list of organisms that can cause septic arthritis.

Gram-positive cocci 
Staphylococcus aureus – majority of cases

Gram-negative cocci
Neisseria gonorrhoeae – most common in healthy
adolescents and young adults, often associated
with migratory polyarthralgia, tenosynovitis,
dermatitis, purulent arthritis, meningitis, and
sepsis

Gram-negative bacilli 
Escherichia coli – most commonly seen in
neonates; other gram negative rods are
associated with immunocompromised hosts

Depending upon the presentation, the physician may also
wish to perform cultures from sources other than, or in
addition to, synovial fluid. These may include blood,
urethra, cervix, or others.

Synovial Biopsy
Synovial biopsy may be considered after synovial fluid
analysis has been performed and has been unrevealing. In
particular, the diagnosis of tuberculosis and fungal
infections may require synovial biopsy.

Blood Tests
Numerous blood tests are available to help the physician
reach a diagnosis. In the initial evaluation, the erythrocyte
sedimentation rate (ESR), and/or C-reactive protein level
may be elevated in septic arthritis. The complete blood
count (CBC) with differential for white blood cells (WBC),
neutrophil count, and band cell count, may reveal a
leukocytosis with a left shift. 

Additional blood tests may be utilized to refine a
diagnosis of autoimmune disease. There are numerous
tests available to assist the physician, including
cryoglobulins, anti-phospholipid antibodies, complement,
pANCA, rheumatoid factor (RF), and the various
autoantibodies (e.g., histones, Scl 70, Jo 1). The value of
each test is tied to its relationship with clinical disease.
The decision to perform a test should be based upon the
clinical presentation.

Radiographic Studies
If there is any question of trauma, plain x-rays should be

obtained. The x-rays may show a subtle increase in the
joint space or soft tissue changes (i.e., swelling and
edematous infiltration); however, x-rays may not be
helpful in the early stages of an infectious process. The x-
rays may be most valuable for long-term monitoring.

Summary
Rapid diagnosis to prevent joint damage is a primary goal
in differentiating between crystalline and septic arthritis.
There are numerous tests available to assist the physician
in reaching a diagnosis. However, in suspected cases of
gout and septic arthritis, synovial fluid evaluation to rule
out an infectious process is considered an essential
diagnostic test. 

The information is this article was excerpted from a 
two-part Mayo Collaborative Services Inc. Disease
Management Strategies presentation. The Disease
Management Strategies Interactive Satellite Program is
available to Mayo Reference Services clients. The Meeting
Calendar on page 5 is a partial list of the upcoming
programs for 2001. Please contact Mayo Medical
Laboratories Office of Continuing Education for
information on how to register for these programs.

3

of gout. Gout and pseudogout can be misdiagnosed as
infectious arthritis.

The classic presentation in approximately 75% of
occurrences is severe pain in the foot, especially the
great toe, which is known as podagra. Gout onset often
occurs at night and may manifest with such severe
inflammation that the patient cannot tolerate wearing a
shoe or bearing weight on the affected foot. Gout can
present in other joints such as the elbow, wrist, foot
arch, ankle, or finger and it can present as mono-,
oligo-, or polyarticular arthritis (one, few, or multiple
joint involvement). In rare cases, tophi may be present.
Tophi are depositions of urates found in the tissues
around the joints, sometimes found in the ear, kidney,
or other connective tissue (see Photo 2).

Whether treated or not, the initial episode of gout
usually will subside completely in 3-10 days. Gout is
less likely to be the primary diagnosis with any
symptoms of over 10 days duration. The presence or
absence of hyperuricemia is not diagnostic, as the
patient may have a normal uric acid level at the time of
presentation. The primary diagnosis of gout is through
the identification of uric crystals in synovial fluid.
Even in the absence of active joint effusions, gout and
pseudogout can be diagnosed from synovial fluid. 

Septic Arthritis
Acute septic arthritis, also called infectious arthritis,
usually is caused by bacterial infection of the joint.
Other microorganisms, including tuberculosis and
fungi, also can cause infectious arthritis but are less
common. Infection can occur by hematogenous spread
(bacterial invasion through the bloodstream), direct
inoculation through surgery or injury, or from
osteomyelitis (inflammation of the bone marrow and
adjacent bone). Septic arthritis is characterized by a
very acute onset of joint pain, it is most commonly
monoarticular, and it presents with other symptoms of
localizing infection (i.e., warmth and redness). The
diagnosis is aided by arthrocentesis of the affected joint.
The physician should consider arthrocentesis with:

• Any patient with an effusion (increased fluid in
synovial cavity of a joint) who has an
undiagnosed arthritic disorder.

• Any patient with a new event relating to the
joint with the effusion.

Septic arthritis can cause joint damage very rapidly,

therefore, it is important to identify septic arthritis
quickly so that treatment can be initiated. If there is
any question of septic arthritis, arthrocentesis should
be performed to obtain synovial fluid for microscopic
examination, culture, and gram stain. However,
aspiration should be avoided if there appears to be
cellulitis over the joint, as one can "track" infected
tissue and fluid into a joint.

Testing Options
Synovial Fluid Analysis
The most important reason for performing joint fluid
analysis is to rule out septic arthritis. Inflammatory
diseases other than joint sepsis also can cause
inflammatory joint fluid. Synovial fluid analysis can
demonstrate local inflammatory response, infection,
and detect the presence of crystals (see Table 1).
Normal synovial fluid is a clear, yellowish fluid, and
transparent enough to read newsprint through (see
Photos 3 and 4). 
If the physician is concerned about the potential for
septic arthritis, the direct approach to a diagnosis is to
run the following tests on synovial fluid:

• Visual evaluation of synovial fluid
• Cell count* – A joint fluid specimen that contains

more than 100,000 WBC and 75% neutrophils is
virtually diagnostic of septic arthritis

• Cultures and Gram’s stain* for infectious agents:
for bacteria, as well as Mycobacterium tuberculosis
and fungi when indicated.

• Polarizing microscopic crystal exam – to identify
gout or pseudogout crystals, Crystal
Identification, Synovial Fluid #8719

*Neither elevated cell count nor a negative gram
stain will help discriminate between infectious
arthritis and crystalline arthritis. The physician
should have the specimen cultured if there is
suspicion for an infectious organism.
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Changes to AFP Testing
Three tests, alpha-fetoprotein (AFP), unconjugated
estriol (UE3), and total human chorionic
gonadotropin (ThCG) have been transferred to
Beckman Access instrumentation. While the change
in instrumentation does not affect reference median
values, the units for ThCG have changed from
miu/mL to IU/mL. The instrumentation change will
affect the following tests:

Alpha-Fetoprotein (AFP), Four Marker Screen, 
Maternal Serum #81149

Alpha-Fetoprotein (AFP), Single Marker Screen, 
Maternal Serum #81169

Alpha-Fetoprotein (AFP-AF), 
Amniotic Fluid #9950

At this time, MML has elected to change the risk
cut-off for Down syndrome from 1 in 200 (term risk)
to 1 in 270 (second trimester risk) and the Trisomy
18 risk cut-off from 1 in 200 (term risk) to 1 in 100
(second trimester risk); these values are consistent
with the commonly accepted cut-off values for
Down syndrome and Trisomy 18. A patient’s risk
must be greater than the risk cut-off values to be
reported as positive. These changes will affect
Alpha-Fetoprotein (AFP), Four Marker Screen,
Maternal Serum #81149.

Cysticercosis Serology ELISA No Longer
Offered
Cysticercosis Serology, Serum #80336, an enzyme-
linked immunosorbent assay (ELISA), was used as
the initial screening test in the diagnosis of
cysticercosis. However, the ELISA assay has been
found to lack sensitivity and produce false negative
results. Originally utilized to confirm any positive
ELISA screen results, Cysticercosis, IgG Antibody,
Western Blot Assay, Serum #81354, is now the gold
standard for cysticercosis testing and the
recommended test to order for cysticercosis.

Ordering Change for Serum Vitamin B12 and
Intrinsic Factor Blocking Antibody
In order to expedite the diagnosis of pernicious
anemia or its related neuropathy, MML has
reflexively tested for the presence of intrinsic factor
blocking antibody whenever serum vitamin B12
concentration was found to be less than 150 ng/L. 

Blocking antibody for intrinsic factor (IFBAB) occurs
in the serum of almost 50% of patients with
pernicious anemia or the neuropathy of vitamin B12
deficiency. A positive test result for IFBAB has high
specificity for this disorder. In general, if the IFBAB
test is positive, no further diagnostic tests for
pernicious anemia, such as the Schilling test, are
warranted. A negative IFBAB test does not rule out
pernicious anemia. Concerns about compliance
issues for our clients have led us to separate the
ordering of these tests. The laboratory will no longer
perform Intrinsic Factor Blocking Antibody, #9335,
reflexively. The intrinsic factor blocking antibody
test now must be ordered separately; the test can be
ordered concurrently or after the serum vitamin B12
assay has been performed. MML recommends
performance of the IFBAB test whenever the serum
B12 concentration is found to be <150 ng/L. This
change affects the following vitamin B12 tests:

Vitamin B12 Assay, Serum #9154
Vitamin B12 and Folate, Serum #9156

An alternative is to order Pernicious Anemia
Cascade, Serum #81499, an algorithm for the
diagnosis of pernicious anemia. This algorithm
includes measurement of serum gastrin
concentration and serum methylmalonic acid
concentration, as appropriate. For most patients this
algorithm also supplants the Schilling test. 

Table 1

Classifications of Synovial Effusions

Type Of Fluid              Special Features          Leukocytes/mm
3

Normal clear, colorless,

viscous <200 (<25% PMNS)
Noninflammatory clear, yellow,

viscous 200-2,000 (<25% PMNS)

Inflammatory cloudy, yellow,

watery 2,000-100,000

glucose may be low

Septic purulent, glucose

very low >80,000

(>75% PMNS)
PMNS = polymorphonuclear leukocytes

Photo 3 - Left to right
Tube 1: Water – clear.
Tube 2: Normal synovial fluid – yellowish, clear enough to read

newsprint through.
Tube 3: Turbid synovial fluid – inflamed joint fluid filled with

inflammatory cells.
Tube 4: Trauma synovial fluid – fat collection resulting from trauma.
Tube 5: Trauma synovial fluid – trauma resulting in red blood cells.

Photo 4 – Joint fluid with
synovial tissue bodies from
chronic synovitis as a result
of long-standing rheumatoid
arthritis.

National Medical Laboratory Week: Solving Today’s Medical Mysteries
National Medical Laboratory Week is a special time set aside to recognize medical laboratory professionals and
the vital role they play in health care.  Since medical laboratory professionals often work "behind the scenes,”
few people are aware of the critically important testing laboratorians perform every day.  Mayo Medical
Laboratories would like to take this opportunity to recognize and thank each of you for the contribution you
make on a daily basis to support quality health care.  

This year, please take time from your busy schedule to celebrate National Medical Laboratory Week, April 15-21. 
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