




2www.aruplab.com | www.arupconsult.com | May 2008 | Volume 4, Issue 3 | ARUP Laboratories | The One

Twenty-sixth Annual Summer Update in Clinical Immunology, 
Microbiology, and Infectious Diseases

The University of Utah’s Department of Pathology, with the 
support of ARUP Laboratories, is sponsoring the Twenty-sixth 
Annual Summer Update in Clinical Immunology, Microbiology, 
and Infectious Diseases at the Snow King Resort in Jackson, 
Wyoming, July 14–18, 2008.  Participants will receive up to 
25.75 AMA PRA Category 1 Credit(s)™. This unique opportunity 
will provide attendees with an improved knowledge of 
1) pathogenesis and clinical manifestations of infectious diseases; 
2) immunological mechanisms of disease and disease prevention; 
3) appropriate approaches to the diagnosis of infectious and 
immunologic disorders; and, 4) the utilization of the clinical 
microbiology and immunology laboratory, including selection 
and interpretation of results. 

This course will also provide a forum for the exchange of ideas 
regarding microbial infections, as well as immunity to infectious 
diseases and immunologic disorders. Faculty consists of clinicians 
involved in patient care, pathologists, and clinical laboratory 
scientists. Timely topic discussion by faculty and participants 
assures that this course will be informative, interesting, and 
relevant.

Upon completion of the course, attendees should be able to: 
Identify new emerging pathogens, infectious syndromes, ●●
and immunologic diseases, including clinical presentations

Critically analyze current practices and laboratory ●●
procedures in diagnosing infectious and immunologic 
disorders, as well as result reporting

Update current knowledge of the epidemiology and ●●
mechanisms of transmission of infectious disorders

Assess new therapeutic modalities being developed or ●●
utilized in treating infectious and immunologic diseases

Discuss genetics and molecular diagnosis of ●●
immunodeficiency

Who Should Attend?

Pathologists, clinical pathologists, laboratory scientists, pediatric, 
medicine, and family medicine clinicians, infectious disease 
specialists, clinical immunologists and allergists, microbiologists, 
residents, and postdoctoral fellows would all benefit from 
attending. Medical technologists, laboratory managers, nurse 
practitioners, hospital epidemiologists, research and development 
technologists, and pharmaceutical and diagnostic industry 
personnel will also find the course of great value. Suggested 
background: professional degrees or medical technologist 
degrees in pathology, microbiology, or immunology and infectious 
diseases.

Special Topics Covered:
Innate Immunity●●
Bacterial Meningitis●●
Diagnosis of Gastrointestinal Infections●●
Update on Blood Cultures●●

Update on Parasitology●●
Rickettsial●●  Diseases

Clinical Microbiology Q&A●●
Improving the Value of Clinical Microbiology Reports●●
Update on Susceptibility Testing●●
Update on ●● Clostridium Difficle Testing

Update on MRSA●●
Bacterial Identification by Sequencing●●
Clinical and Laboratory Diagnosis of Chronic Granulomatous ●●
Disease

Job Syndrome of Hyper IgE and Recurrent Infections●●
Common Variable Immune Deficiency●●
Adoption of Molecular Respiratory Virus Testing●●
Human Papilloma Virus: Testing, Vaccination, and Guidelines ●●
for Clinical Practice

Update on Hepatitis B and C Testing●●
Vaccine Update 2008●●
TNF●● α Blockers and Infections

Wild Infectious Disease Cases●●
Review of Epstein-Barr Virus and New Methods for Determining ●●
Serological Status

Multianalyte Analysis of Cytokines●●
Gram-Negative ●● Diplococci and Coccobacilli

Emerging Bacterial Infections●●
Diagnosis and Treatment of Pneumonia●●
Newer Treatment Strategies of HIV●●
Medical Education in the Twenty-first Century●●
Laboratory Diagnosis of Celiac Disease●●
Serologic Markers for Inflammatory Bowel Disease (IBD)●●

Registration Fees

The $750 registration fee includes a daily continental breakfast, 
a Mexican fiesta social, a barbecue ticket for course 
participants, course syllabus and materials, and a $75 non-
refundable administrative fee. Medical technologists, trainees, 
residents, and fellows will receive a discounted registration 
fee of $600.

For further information on registration, fees, presenters, special 
guests, accreditation and designation details, compliance 
with the Americans with Disabilities Act, attendance records, 
accommodations, and extracurricular activities, please 
contact Jeannette Rejali by phone at (801) 581-5873, by fax at 
(801) 585-1265, or visit www.arup.utah.edu/summerupdate08.

Visit www.arup.utah.edu/summerupdate08 today and secure 
your spot in the 2008 Summer Update In Clinical Immunology, 
Microbiology, and Infectious Diseases.

www.aruplab.com
www.arupconsult.com
www.arup.utah.edu/summerupdate08
www.arup.utah.edu/summerupdate08
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Test Highlights 
Free acids, glycine conjugates, and taurine conjugates of ●●
cholic, deoxycholic, chenodeoxycholic, and ursodeoxycholic 
acids (ursodiol) are quantified.
Results for the sum of each bile acid are reported, as well as ●●
the overall total. 
Sensitive and specific LC-MS/MS method is employed.●●
Small sample volume required (0.2 mL minimum).●●
Ursodeoxycholic acid (ursodiol) is included for assessing ●●
compliance with therapy.

Clinical Background
Hepatic clearance of bile acids from portal blood is efficient ●●
in normal subjects. Low serum concentrations of bile acid are 
observed. 
Following meals, serum bile acid levels have been shown ●●
to increase only slightly in normal persons, but markedly in 
patients with various liver diseases, including Budd-Chiari 
syndrome, cholangitis, cholestasis, cholestasis of pregnancy, 
cirrhosis, hemochromatosis, hepatitis, portal-vein thrombosis, 
and Wilson disease.
Some inborn errors of bile acid metabolism result in very low ●●
concentrations of all bile acids. Patients with these diseases 
respond to therapy with specific bile acids.
Other inborn errors of bile acid metabolism result in high ●●
concentrations of individual bile acids. Patients with these 
diseases also respond to therapy with specific bile acids.

Disease Overview
Defective bile acid synthesis:●●

3◦◦ β -hydroxystero id-∆ 5-ox idoreductase/ isomerase 
deficiency is characterized by jaundice, hepatomegaly, 
pale stools, and dark urine. No normal bile acids are 
present in serum.
3-oxo-∆◦◦ 4-steroid 5β-reductase deficiency is another 
cholestatic disease with similar symptoms. Serum bile 
acid concentrations are elevated and chenodeoxycholic 
acid is the predominant species.

Abnormalities of bile acid delivery to the bowel, including ●●
intrahepatic cholestasis and extrahepatic bile duct 
obstruction, may increase the concentration of cholic acid.
Interruption of enterohepatic circulation of bile acids may ●●
lead to a decrease in serum bile acid concentrations.
Disturbances of bile acid metabolism in hepatocellular ●●
disease may lead to an increase in fasting serum bile 
acid concentrations and a larger than normal increase in 
postprandial serum bile acid concentrations.

Epidemiology 
Inborn errors of bile acid metabolism are very rare.●●

Indications for Ordering
Clinical evidence of an inborn error of bile acid metabolism. ●●
This may include evidence of cholestatic liver disease at birth, 
such as pale stools, dark urine, and progressive jaundice. 
It may also include hepatic dysfunction with increased 
serum activities of transaminases and alkaline phosphatase, 
increased concentrations of conjugated bilirubin, and 
malabsorption of vitamins D and E.
May be useful for patients receiving bile acid therapy with ●●
chenodeoxycholic acid, cholic acid, or ursodeoxycholic 
acid (ursodiol).

Interpretation
Fasting reference intervals for each bile acid and the sum of ●●
all are provided. Values may be elevated after a meal.
In cholestasis, the ratio of cholic acid to chenodeoxycholic ●●
acid increases.
In hepatitis and cirrhosis the ratio of cholic acid to ●●
chenodeoxycholic acid decreases.

Limitations
The current method does not quantify sulfated or glycoside-●●
conjugated forms of bile acids. 
The current method does not measure any form of lithocholic ●●
acid. However, lithocholic acid is usually present at low 
concentrations in serum.
This assay has only been validated for serum.●●

Methodology
Deuterated internal standards are added to the sample and ●●
proteins are precipitated. 
Two-dimensional HPLC is performed, followed by electrospray ●●
ionization tandem mass spectrometry with negative ion 
monitoring.

Related Tests
Bile Acids, Total (●● 0070189)
Hepatic Function Panel (●● 0020416)

References
Barnes S, et al. Diagnostic value of serum bile acid estimations 1.	
in liver disease. J Clin Pathol 1975; 28:506–509.
LaRusso NF, et al. Dynamics of the enterohepatic circulation 2.	
of bile acids. N Eng J Med 1974; 291:689–692.
Björkhem I, Boberg KM, Lietersdorg E. Inborn errors in bile acid 3.	
biosynthesis and storage of sterols other than cholesterol. 
In The Metabolic & Molecular Bases of Inherited Disease, 
8th ed. CR Scriver, et al., eds. 2001; New York: McGraw-Hill, 
2961–2988.
Dufour DR. Liver Disease. In 4.	 Tietz Textbook of Clinical Chemistry 
and Molecular Diagnostics, 4th ed. CA Burtis, ER Ashwood, DE 
Bruns ,eds. 2006; St. Louis: Elsevier Saunders,1782–1787.
Setchell KDR, et al. Defects in bile acids biosynthesis-diagnosis 5.	
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Bile Acids, Fractionated and Total
For the measurement of individual bile acids in serum

For specific collection, transport, and testing information, refer to Bile Acids, Fractionated and Total by LC-MS/MS (0092610) on the 
ARUP Web site at www.aruplab.com. For information on test selection, ordering, and interpretation, refer to ARUP Consult® at 
www.arupconsult.com.

www.arupconsult.com
www.aruplab.com
http://www.aruplab.com/guides/ug/tests/0070189.jsp
http://www.aruplab.com/guides/ug/tests/0020416.jsp
http://www.aruplab.com/guides/ug/tests/0092610.jsp
www.aruplab.com
www.arupconsult.com
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Cytokeratin 19 Fragment (CYFRA 21-1), Serum
For prognosis and treatment monitoring of patients 

with non-small cell lung cancer

Test Highlights 

CYFRA 21-1 is the most sensitive serum tumor marker for non-●●
small cell lung cancer.

Serum concentrations of CYFRA 21-1 correlate with tumor ●●
burden.

CYFRA 21-1 is an independent prognostic factor for non-small ●●
cell lung cancer.

Decreasing concentrations of CYFRA 21-1 after chemotherapy ●●
appear to be a reliable marker of treatment efficacy.

Disease Overview

Lung cancer is the most frequently occurring cancer ●●
worldwide and is responsible for 1.2 million deaths each year. 
The greatest risk factor for the development of lung cancer 
is cigarette smoking, which is estimated to be responsible for 

~87 percent of lung-cancer cases. 

The prognosis for patients with lung cancer is poor. While the ●●
five-year survival rate is ~70 percent in those diagnosed early 
(stage I), it becomes progressively worse with advancing stage 
(2 percent in stage IV). Unfortunately, the majority of patients 
with lung cancer have advanced disease at diagnosis. 

Lung cancers are classified histologically as small cell or non-●●
small cell lung cancer. Non-small cell lung cancer accounts 
for 75−85 percent of lung cancer cases and consists of 
several subtypes, including squamous cell carcinomas, 
adenocarcinomas, and large cell carcinomas.

Epidemiology 

In the United States, 213,000 new cases of lung cancer and ●●
160,000 deaths from lung cancer occur each year. 

Although lung cancer deaths have begun to decrease ●●
among men, the number of lung cancer deaths in women 
continues to increase. 

Pathophysiology

Cytokeratins are intermediate filament structural proteins ●●
found in the cytoskeleton of epithelial tissue. They are 
divided into two types based on sequence homology: acidic 
type I cytokeratins and basic or neutral type II cytokeratins. 
Cytokeratins are usually found as dimers composed of a 
type I and a type II cytokeratin, which are further organized 
into filamentous structures by forming tetramers. The release 
of cytokeratins into the circulation likely occurs by numerous 
mechanisms, such as cellular apoptosis, abnormal mitosis, or 
spill-over from proliferating cells. When present, cytokeratins 
are detected as partially-degraded, single-protein fragments 
or complexes and not as intact molecules.

Elevated serum concentrations of specific cytokeratins are ●●
observed in patients with lung cancer of all histologic types. A 
fragment of cytokeratin 19, cytokeratin fragment 21-1 (CYFRA 
21-1), has been extensively studied in patients with non-small 
cell lung cancer and has been demonstrated to be clinically 
useful.

Indications for Ordering

Determining prognosis in patients with non-small cell lung ●●
cancer.

Monitoring treatment of non-small cell lung cancer.●●

Clinical Utility

Among tumor marker tests for non-small cell lung cancer, ●●
CYFRA 21-1 has consistently been shown to have the highest 
diagnostic sensitivity (~70 percent).  In a prospective study of 
211 patients with newly-diagnosed, non-small cell lung cancer 
(stages I-IV), the sensitivity of CYFRA 21-1 determined after 
diagnosis but before treatment was 76 percent.1 In another 
study of 180 patients suspected of having lung cancer, 
CYFRA 21-1 detected 65 percent of the cancers that were 
not detected by bronchoscopy and increased the negative 
predictive value for malignancy to 88 percent, compared to 
72 percent with bronchoscopy alone.2

CYFRA 21-1 is a prognostic marker in patients with non-●●
small cell lung cancer. A meta-analysis of 2,063 patients 
(85 percent ≥stage IIIa) concluded that an elevated pre-
treatment CYFRA 21-1 concentration was an independent 
and unfavorable prognostic determinant at 12 and 18 months 
in all patients studied.3 The same was true at one and two 
years for patients who did not have surgical treatment and 
for those who did, respectively.

Decreasing concentrations of CYFRA 21-1 have been shown ●●
to predict objective response and survival in patients with 
advanced non-small cell lung cancer. A prospective study 
of 117 patients with advanced (stage III–IV) nonresectable 
disease reported that a ≥20 percent reduction in CYFRA 21-1 
from baseline values after two cycles of chemotherapy was 
achieved in 81 percent of patients with an objective response 
compared to 45 percent of non-responders.4 The responders 
also had a significantly longer median survival time 
(11 months) when compared to non-responders (six months).

www.aruplab.com
www.arupconsult.com
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Limitations

This test is not suitable for lung cancer screening in either ●●
asymptomatic or high-risk individuals (e.g., smokers).

CYFRA 21-1 may also be elevated in benign respiratory disease, ●●
as well as in urological, gastrointestinal, and gynecological 
cancers.

Methodology

CYFRA 21-1 is measured on an automated two-site ●●
chemiluminescent enzyme immunoassay analyzer. This 
assay utilizes two monoclonal antibodies to detect soluble 
fragments of cytokeratin 19, with results expressed in ng/mL. 

A reference interval study conducted by ARUP using serum ●●
samples collected from 150 healthy volunteers (75 males, 
75 females) aged 19–60 years identified a CYFRA 21-1 
concentration of 1.9 ng/mL as the upper 97.5th percentile.

References
Molina R, et al. Tumor markers (CEA, CA 125, CYFRA 21-1, 1.	
SCC and NSE) in patients with non-small cell lung cancer 
as an aid in histological diagnosis and prognosis. Tumor Biol 
2003;24:209–218.
Bates J, et al. Clinical value of CYFRA 21-1, carcinoembryonic 2.	
antigen, neuron-specific enolase, tissue polypeptide specific 
antigen and tissue polypeptide antigen in the diagnosis of 
lung cancer. Eur Respir J 1997;10:2535–2538.
Pujol J-L, et al. CYFRA 21-1 is a prognostic determinant in 3.	
non-small-cell lung cancer: results of a meta-analysis in 2063 
patients. Br J Cancer 2004;90:2097–2105.
Ardizzoni A, et al. Decline in serum carcinoembryonic antigen 4.	
and cytokeratin 19 fragment during chemotherapy predicts 
objective response and survival in patients with advanced 
nonsmall cell lung cancer. Cancer 2006;107:2842–2849.

Cytokeratin 19 Fragment (CYFRA 21-1), Serum (continued)

For specific collection, transport, and testing information, refer to Cytokeratin 19 Fragment (CYFRA 21-1), Serum (0081344) on the 
ARUP Web site at www.aruplab.com. For information on test selection, ordering, and interpretation, refer to ARUP Consult® at 
www.arupconsult.com.

www.arupconsult.com
www.aruplab.com
http://www.aruplab.com/guides/ug/tests/0081344.jsp
www.aruplab.com
www.arupconsult.com
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T. cruzi (Chagas’ Disease) IgG Antibody Detection by Rapid Test
For the qualitative detection of anti-Trypanosoma cruzi antibodies

Disease Overview

Chagas’ disease is caused by the protozoa ●● Trypanosoma 
cruzi, which is transmitted through insects of the Triatominae 
(kissing bugs) subfamily.

The symptoms of acute infection are flu-like (i.e., fever, swollen ●●
lymph glands), but chronic Chagas can be responsible 
for gastrointestinal complications and severe cardiac 
distresses, including cardiomyopathy, apical aneurysm, 
thromboembolism, congestive heart failure, and death.

Epidemiology

Chagas’ disease is endemic in South and Central America ●●
and currently affects 16–18 million people.

Two-thirds of all active infections occur in Brazil.●●

Thousands of individuals become infected each year through ●●
blood transfusions.

Indications for Ordering

This test should be ordered if exposure to ●● T. cruzi is suspected 
and Chagas’ disease symptoms exist.

Individuals who have recently traveled to areas endemic for ●●
Chagas’ disease and present with flu-like symptoms should 
be considered for testing.

Symptoms may present years following initial infection.●●

Interpretation

A positive result of six units or greater indicates that serum IgG ●●
antibodies exist against T. cruzi antigens.

A result of one to five units is considered equivocal, and ●●
retesting is suggested.

Limitations

This test has been validated for serum and plasma samples ●●
only. No other sample types may be used.

Serological testing has limited utility in acute diagnosis.●●

Due to cross-reactivity in patients with other parasitic infections ●●
or autoimmune diseases, it is recommended that positivity 
be confirmed on at least two other methodologies, such as 
complement-fixation and immunofluorescence tests.

Methodology

Patient sample is added to the base of a nitrocellulose strip. ●●

The strip is then placed in a buffer that travels through an ●●
indicator dye and past an immobilized antigen strip that 
binds antibodies present in the patient’s serum. 

The presence of a solid line after 10 minutes of incubation ●●
indicates a positive result.

References

Mandell G, Bennett J, Dolin R, eds. 2000 1.	 Principles and Practice 
of Infectious Diseases, 5th ed. New York: Churchill Livingston.

Tarleton RL, et al. The Challenges of Chagas Disease — Grim 2.	
Outlook or Glimmer of Hope? PLoS Med 2007;4(12): e332.

“The World Health Organization report 2004. Changing 3.	
history.” World  Health Organization. Retrieved February 15, 
2008 <www.who.int/whr/2004/en.> 

Package Insert for Trypanosoma Detect™ Rapid Test. InBios, 4.	
2007.

For specific collection, transport, and testing information, refer to Trypanosoma cruzi Antibody, IgG (0051076) on the ARUP Web 
site at www.aruplab.com. For information on test selection, ordering, and interpretation, refer to ARUP Consult® at 

www.arupconsult.com.

www.aruplab.com
www.arupconsult.com
http://www.who.int/whr/2004/en.
http://www.aruplab.com/guides/ug/tests/0051076.jsp
www.aruplab.com
www.arupconsult.com
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PCT < 0.5 ng/ml: PCT levels below 0.5 ng /mL on the ◦◦
first day of admission indicate a low risk of progression to 
severe sepsis and/or septic shock. 

PCT levels less than 0.5 ng/mL do not exclude infection. •	
Localized infections (without systemic signs) may also be 
associated with low levels.  
If PCT levels are measured soon after the systemic infection •	
process has started (usually less than six hours), values may 
still be low.
Various noninfectious conditions are known to induce PCT.  •	
Levels between 0.5 ng/mL and 2.0 ng/mL should be reviewed 
carefully, taking into account the clinical background and 
condition of the individual patient.

Clinical Background
Identifying patients with bacterial infection and sepsis is •	
a major challenge in emergency departments and critical 
care units, where mortality from sepsis remains high due to 
delayed diagnosis and treatment. The traditional clinical signs 
of infection and routine laboratory tests used to diagnose 
bacterial infection and sepsis (e.g., C-reactive protein, WBC, 
or lactate) lack diagnostic accuracy and can be misleading.
Procalcitonin (PCT) is a protein that can act as a hormone and •	
a cytokine. It can be produced by several cell types and many 
organs in response to pro-inflammatory stimuli, particularly 
bacterial infection. It is released under the stimulation of 
sepsis. 
PCT levels rise within six–12 hours of bacterial infection with •	
systemic consequences.  In patients with sepsis, severe sepsis, 
and septic shock, PCT levels can reach 1,000 ng/mL. Once the 
bacterial infection is resolved, PCT levels rapidly decrease.
A large database of literature and clinical experience is •	
available for PCT, and several tests are now FDA-cleared.

Interpretation of Results
PCT concentrations in healthy individuals: < 0.1 ng/mL•	
Published data supports the following interpretative risk •	
assessment criteria: 

PCT > 2 ng/ml:  PCT levels above 2.0 ng/mL on the first ◦◦
day of admission indicate a high risk of progression to 
severe sepsis and/or septic shock. 

 Limitations
Increased PCT levels may not always be related to systemic •	
infection. 
Noninfectious conditions that may increase PCT levels •	
include: 

Major trauma, surgical trauma (including extracorporeal ◦◦
circulation), and burns.
Neonate (first two days of life).◦◦
Medullary C-cell carcinoma, small cell lung carcinoma, or ◦◦
bronchial carcinoid.
Treatment with OKT3 antibodies, interleukins, TNF-α, and ◦◦
other drugs stimulating the release of pro-inflammatory 
cytokines.
Prolonged or severe cardiogenic shock, prolonged severe ◦◦
perfusion anomalies, Child-Pugh Class C liver cirrhosis, 
and peritoneal dialysis treatment.

Results of the PCT assay should be evaluated within the •	
context of other laboratory findings and the clinical status of 
the patient.
A hook effect has been reported at PCT concentrations •	
> 2500 ng/mL.  If clinical presentation and/or previous results 
are inconsistent with reported results, then retesting with a 
dilution should be requested.

Procalcitonin (PCT)
For diagnosis of bacterial infection and sepsis
Test Highlights

Provides early evaluation of patient risk for developing sepsis.•	
Differentiates between bacterial infection and other causes of inflammatory reaction. •	
Serum levels correspond to severity of infection and response to treatment. •	
BRAHMS PCT sensitive KRYPTOR assay has improved sensitivity and measurement range (0.06 ng/mL•	 –5,000 ng/mL) 
compared to other formats of procalcitonin measurement.

The PCT test has been cleared by the FDA for use with •	
critically-ill patients on their first day of ICU admission, as an 
aid in determining their risk of developing severe sepsis and 
septic shock.
The 2008 guidelines for evaluation of new fever in adult ICU •	
patients, as established by the American College of Critical 
Care Medicine and the Infectious Disease Society of America, 
state that: “Serum procalcitonin levels and endotoxin activity 
assay can be employed as an adjunctive diagnostic tool for 
discriminating infection as the cause for fever or sepsis 
presentations (level 2).”

Indications for Ordering

Methodology
Immunofluorescence (homogeneous sandwich immunoassay). •	
Measuring principle based on Time-Resolved Amplified •	
Cryptate Emission (TRACE®) technology, which measures 
the signal from an immunocomplex with time delay.

This test will be available on May 27, 2008

www.aruplab.com
www.arupconsult.com
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Test Information

0020763		  Procalcitonin 

This test will be available on May 27, 2008.
For specific collection, transport, and testing information, refer to the ARUP Web site at www.aruplab.com.
For information on test selection, ordering, and interpretation, refer to ARUP Consult® at www.arupconsult.com.
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