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Terms Introduced in This Chapter





After reading Chapter 13, you should be familiar with the following terms. These terms are defined in Chapter 13 and in the Glossary.

Bacteremia

Bacteriuria

Calibrated loop

Cerebrospinal fluid (CSF)

Clean-catch, midstream urine (CCMS urine)

Clinical laboratory scientists

Clinical laboratory technicians

Clinical specimens

Clinically relevant laboratory results

Encephalitis

Fungemia

Gonococcus (pl., gonococci)

Immunohematology

Laboratory

Leukemia

Leukocytes

Meningitis

Meningococcemia

Meningococcus (pl., meningococci)

Meningoencephalitis

Parasitemia

Pathologist

Pathology

Preliminary report

Septicemia

Sputum

Toxemia

Viremia
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Specimen Quality and Clinical Relevance
Microbiology laboratory results are clinically relevant if they reveal information about the patient’s infectious disease and provide the physician with useful information that can be used to diagnose infectious diseases, monitor their progress, and guide therapy. To provide clinically relevant information, the microbiology laboratory must receive high-quality clinical specimens. The quality of the results can be no better than the quality of the specimen. If a poor-quality specimen is submitted to the laboratory, in all likelihood, the results obtained using that specimen will not be clinically relevant. In fact, results obtained from poor-quality specimens might very well be harmful to the patient.


What constitutes a high-quality clinical specimen? The best quality specimen is one that has been selected, collected, and transported properly. First, it must be an appropriate specimen—the correct type of specimen required to diagnose the suspected disease. Next, the specimen must be collected in a manner that will minimize its contamination with indigenous microflora. And finally, it must be transported to the laboratory in the proper manner—rapidly, if necessary; on ice, if necessary; anaerobically, if necessary; with the proper preservative, if necessary; and so forth. A specimen labeled “sputum,” for example, must contain sputum—not merely saliva. A urine specimen submitted for culture must be a clean-catch, midstream specimen. Adequate care must be taken to adequately disinfect the phlebotomy site when blood is drawn for culture to minimize the chance of contamination of the specimen with indigenous skin flora.

Those people who are responsible for submitting specimens to the laboratory are responsible for the quality of the specimens they submit. But, how do these people know which specimen to submit, or how to collect it, or the proper way to transport it to the laboratory? If they have not been taught such procedures in their course of study, they should consult the “floor manual,” which contains such information. A copy of the floor manual, which may be called the laboratory procedures manual or some other name, should be present on each ward or clinic and readily available for reference.


It is the laboratory's responsibility to publish and distribute such a manual. If the laboratory demands high-quality specimens, as it should, then it must take the time to educate healthcare professionals as to what constitutes an appropriate specimen for the diagnosis of each infectious disease. Only in this way will the highest quality of service be assured, and only then will the microbiology laboratory’s results be clinically relevant.
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The Medical Laboratory Professions
Have you ever wondered what happens to your blood sample or throat swab after it leaves the doctor’s office? Or, have you ever wondered how doctors diagnose diseases? Medical laboratory professionals are an important part of the answer to these questions. They are members of the highly skilled medical team who work together to collect clinical data and diagnose disease. Medical laboratory professionals include pathologists, clinical laboratory scientists (CLSs; also known as medical technologists, MTs), clinical laboratory technicians (CLTs; also known as medical laboratory technicians, MLTs), histologic technicians, cytotechnologists, blood bank technologists, phlebotomy technicians, pathologist assistants, and cytogeneticists. More than a quarter of a million people work in the medical laboratory professions. Practice settings for these professionals include hospital laboratories; clinics; nursing homes; city, state, and federal public health facilities (e.g, the CDC); molecular diagnostic and biotechnology laboratories; research laboratories; educational institutions; and commercial companies (e.g., pharmaceutical companies and food service industries).

Clinical laboratory scientists (CLSs or MTs) and clinical laboratory technicians (CLTs or MLTs) constitute the majority of medical laboratory professionals. In conjunction with pathologists and physicians, these skilled professionals work in all areas of the clinical laboratory, including blood bank, chemistry, hematology, immunology, urinalysis, and microbiology. They perform a wide variety of laboratory tests used in the detection, diagnosis, and treatment of many diseases. CLSs  have many responsibilities and are held accountable for accurate and reliable test  results. They may hold a patient’s life in their hands!

Education and training in Clinical Laboratory Science not only prepares the individual for a rewarding career in the profession, but also serves as a foundation for jobs in other fields (e.g., medicine, research, forensics). Individuals interested in pursuing a career in Clinical Laboratory Science should have a strong background in the high school and college sciences (i.e., biology and chemistry), as well as math and computer science.

There are two levels of Clinical Laboratory Science training available. The minimum formal education requirements for a CLT are a 2-year associate degree in completion of an accredited CLT program. CLTs perform routine tests in all areas of the laboratory under the supervision of a CLS.

The CLS requires formal education, which includes a baccalaureate degree and clinical experience in an accredited Clinical Laboratory Science program. CLSs are able to correlate results with disease states, establish and monitor quality control, and operate complex electronic equipment and computers. CLSs must be able to work in stressful situations and they must be reliable, self-sufficient, precise, and thorough. Clinical education programs for CLSs may be located in hospitals or university settings and include instruction in microbiology, chemistry, hematology, immunology, blood banking, virology, phlebotomy, urinalysis, management, and education. To ensure competency, graduates of both CLS and CLT clinical education programs must be certified by one or both of the two national credentialing agencies: the American Society for Clinical Pathology (ASCP), or the National Credentialing Agency (NCA).

Careers in the medical laboratory professions, particularly as a CLS or CLT, offer a great opportunity for students interested in microbiology! Jobs are plentiful across the nation and offer competitive salaries. The Bureau of Labor Statistics of the U.S. Department of Labor projects that the employment of CLTs and CLSs will increase by 10 to 20% through the year 2008. According to Jobs Rated Almanac: The Best and Worst Jobs, by Les Krantz (2002), clinical laboratory science had 25% job growth and good job security. Among health-related professions, it ranked number 3. In 2004, the average starting salary for CLTs was about $26,000 to $30,000, and $38,000 to $43,000 annually for CLSs, based on geographic location. Currently, there is a shortage of laboratory scientists in many parts of the country, guaranteeing employment and higher salaries for graduates. For more information regarding the medical laboratory professions, see the “Increase Your Knowledge” section that follows.
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 Increase Your Knowledge







1.
For more detailed information about specimen collection, refer to A Guide to Specimen Management in Clinical Microbiology, 2nd ed., published by ASM Press, Washington, D.C., 1999.

2.
For more information regarding the medical laboratory professions, visit the following web sites:


National Accrediting Agency for Clinical Laboratory Sciences (www.naacls.org)


National Credentialing Agency (www.nca-info.org)


American Society for Clinical Laboratory Science (www.ascls.org)


American Society for Clinical Pathology (www.ascp.org)

3.
A Closer Look at the Polymerase Chain Reaction. The polymerase chain reaction (PCR) is used to make a huge number of copies of a particular gene of interest in just a few hours; it is referred to as an amplification procedure. There are three steps in a PCR, which are repeated over and over for 30 to 40 cycles. The three steps are: (1) denaturation, (2) annealing, and (3) extension. During a PCR, there is an exponential increase in the number of copies of the gene. If there was only one copy of the desired gene to begin with, there will be two copies after one cycle, four copies after two cycles, eight copies after three cycles, and so on. There would be over 1 billion copies after 30 cycles and over 1 trillion copies after 40 cycles. The PCR was originally described by Kary B. Mullis in 1990. The patent rights to the PCR were reportedly sold for $300 million in 1992. For their contributions to the development of DNA-based chemistry methods, Mullis and Michael Smith were awarded the 1993 Nobel Prize in Chemistry. After only a little more than a decade of use, the PCR has revolutionized the Clinical Microbiology Laboratory. At some time in the near future, traditional microbiologic procedures, such as culturing and biochemical testing of isolates, might be completely replaced by PCR technology. As Mark Terry (ADVANCE for Medical Laboratory Professionals 14: 8, 2002) has stated, “It wouldn’t seem farfetched at all to imagine sputum, blood, or urine being placed in a test tube that contained a DNA chip or real-time PCR machine capable of analyzing—in a very short period of time—for every known bacterium and virus.”

4.
The Clinical and Laboratory Standards Institute (CLSI; formerly the National Committee for Clinical Laboratory Standards [NCCLS]) is a global, interdisciplinary, nonprofit organization that enhances the value of medical testing and healthcare services by developing and disseminating consensus standards. These standards, in the form of published documents, contain step-by-step instructions for how to perform laboratory tests. Laboratories are expected to purchase these documents and perform laboratory testing in the exact manner described in the documents. Students interested in learning more about the CLSI should visit their web site (www.clsi.org).

5.
For a more in-depth discussion of laboratory safety, consult Essential Procedures for Clinical Microbiology (1998, with subsequent updates) and the 7th edition of the Manual of Clinical Microbiology (1999), both published by ASM Press, Washington, D.C.

6.
To learn more about the U.S. Army Medical Research Institute of Infectious Diseases (USAMRIID) at Fort Detrick, MD, visit their web site: www.usamriid.army.mil.

[image: image6.jpg]


Critical Thinking










1.
If you were a clinical laboratory scientist (medical technologist) working in a CML, what are some of the actions you would take to protect yourself from becoming infected?

2.
You are a nurse and are accompanying a physician who is conducting ward rounds. After examining a patient, the physician turns to you and says, “I think this patient has Lyme disease. Get a specimen down to the lab, right away.” The physician then leaves the room. Assuming that you don’t recall what the appropriate specimen is to diagnose Lyme disease, where would you turn for assistance?

3.
The organism most commonly isolated from positive blood cultures is Staphylococcus epidermidis, and yet S. epidermidis is not the most common cause of either bacteremia or septicemia. Can you explain this apparent contradiction?

4.
A female patient has submitted a urine specimen as part of her prenatal screening appointment. Her urine culture yielded greater than 100,000 CFU/mL of mixed bacterial species, even though she does not have a urinary tract infection. Can you offer a possible explanation for her urine culture results?   
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Answers to the Chapter 13 Self-Assessment Exercises in the Text
1.
D

2.
C

3.
C

4.
D

5.
A

6.
D

7.
C

8.
D

9.
D

10.
D
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Additional Chapter 13 Self-Assessment Exercises


(Note: Don’t peek at the answers before you attempt to solve these self-assessment exercises.)

Matching Questions

(Read CD-ROM Appendix 4 before attempting to answer these questions.)
A.
agar dilution method

B.
disk diffusion method

C.
macro broth dilution method

D.
micro broth dilution method


_____
1.
Because the _______________ of antimicrobial susceptibility testing uses large numbers of test tubes, this method is impractical for use in the Clinical Microbiology Laboratory.

_____
2.
The _______________ of antimicrobial susceptibility testing is also known as the “Kirby Bauer method.”

_____
3.
The _______________ of antimicrobial susceptibility testing is considered to be the “gold standard.”

_____
4.
In the United States, the _______________ is currently the most popular method for performing antimicrobial susceptibility testing.

_____
5.
Agar plates are used in both the agar dilution method and the _______________ of antimicrobial susceptibility testing.

A.
Bacteriology Section

B.
Mycology Section

C.
Mycobacteriology Section

D.
Parasitology Section

E.
Virology Section


_____
6.
Mycoses are diagnosed in the _______________ of the Clinical Microbiology Laboratory.

_____
7.
Tuberculosis is diagnosed in the _______________ of the Clinical Microbiology Laboratory.

_____
8.
Hair clippings, nail clippings, and skin scrapings are most often processed in the _______________ of the Clinical Microbiology Laboratory.

_____
9.
Susceptibility testing is routinely performed only in the Bacteriology Section and the _______________ of the Clinical Microbiology Laboratory.

_____
10.
Miniaturized biochemical test systems—known as minisystems—are most often used in the _______________ of the Clinical Microbiology Laboratory.

True/False Questions

 _____
1.
Poor-quality clinical specimens are unlikely to produce clinically relevant results.

_____
2.
The director of the Clinical Microbiology Laboratory (CML) is ultimately responsible for the quality of clinical specimens submitted to the CML.

_____
3.
Special disinfection procedures are required to prevent indigenous microflora of the skin from contaminating blood cultures.

_____
4.
Bacteriuria is a sure sign of urinary tract infection.

_____
5.
CSF specimens are treated as “stat” specimens in the Clinical Microbiology Laboratory.

_____
6.
CSF specimens should be refrigerated en route to the Clinical Microbiology Laboratory.

_____
7.
There is no need to refrigerate urine specimens for culture if they are clean-catch midstream specimens.

_____
8.
Many clinical specimens labeled “sputum” are actually saliva specimens.

_____
9.
The Clinical Microbiology Laboratory is part of the Clinical Pathology Division of the Pathology Department.

_____
10.
(-Lactamase testing is always performed on isolates of Neisseria gonorrhoeae and Haemophilus influenzae.
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Answers to the Additional Chapter 13 Self-Assessment Exercises
Matching Questions
1.
C

2.
B

3.
A

4.
D

5.
B

6.
B

7.
C

8.
B

9.
C

10.
A

True/False Questions

1.
True

2.
False (the people who collect clinical specimens are responsible for the quality of those specimens)

3.
True

4.
False (very often, the bacteria causing bacteriuria are contaminants; thus, bacteriuria does not necessarily mean that the patient has a urinary tract infection)

5.
True

6.
False (CSF specimens should not be refrigerated; refrigeration might kill pathogens that are present in the specimens)

7.
False (even clean-catch, midstream urine specimens will contain contaminants, so they must be refrigerated if there will be a delay between collection and processing)

8.
True

9.
True

10.
True

