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Introduction

Molecular diagnostic tools and de-
tection methods such as nucleic acid
amplification are being used increas-
ingly in the clinical microbiology lab-
oratory to enhance the identification
of microbial pathogens and to assist
physicians in the diagnosis and man-
agement of a variety of infectious dis-
eases. The principle of this technique is
to detect and amplify a unique gene of
the microorganism. This speeds the
identification and reporting of micro-
bial pathogens without reliance on
their phenotypic characteristics.

Effective clinical management of
infectious diseases depends primarily
on accurate identification of the
causative pathogen. The early recog-
nition of an infectious agent allows
clinicians to make sound therapeutic
decisions and avoid the indiscrimi-
nate use of antibiotics, which ulti-
mately favors the development of
antimicrobial resistance.

To attempt to make nucleic acid
amplification techniques (NAATS)
understandable, we discuss the limi-
tations of conventional diagnostic
methods and how NAATSs and poly-
merase chain reaction (PCR), in partic-
ular, can overcome these limitations.

Conventional Clinical
Microbiology

Microbiology  laboratories  have
developed many dependable ap-
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proaches for detecting and character-
izing pathogens within a reasonable
time frame. These methods include
microscopy, culture, antigen detec-
tion, immunoserology, and more re-
cently, nucleic acid probes. Conven-
tional identification of microbial
pathogens relies on discerning the
phenotypic  characteristics of the
organisms. Bacterial metabolic char-
acteristics, fungal conidiogenesis,
parasitic morphology, and viral cyto-
pathic effect are some of the pheno-
typic characteristics used commonly.
Unfortunately, phenotypic charac-
teristics often are not sufficiently dis-
criminatory for strain differentiation.
DNA probes, which identity nucleic
acid sequences by hybridization, have
replaced biochemical reactions and
morphology for definitive identifica-
tion of some infectious agents. Probes
are used to identify slowly growing
mycobacteria and to detect fastidious
organisms such as Chlamydia tracho-
matisand Neisseria gonorrboeae. DNA
probes offer somewhat greater speci-
ficity than do immunoassays, although
like immunoassays, they are not suffi-
ciently sensitive to replace conven-
tional culture in most cases.

Limitations of Conventional
Diagnostics

Although conventional diagnostic
methods are dependable, most ap-
proaches have limitations.

Culture
Certain microbes require special me-
dia (eg, Lowenstein-Jensen selective
media for Mycobacterinm tuberculosis
and other mycobacteria and Martin-
Lewis media for N gonorrhoeae); oth-
ers require special conditions (medi-
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cally important anaerobes require an
atmosphere devoid of oxygen and
media containing reducing sub-
stances such as cysteine). Cultivat-
able microbes may fail to grow after
exposure to antimicrobials or poor
specimen handling. Certain patho-
gens, such as Bordetelln pertussis,
Bartonelln henselne, and Legionelln
pnenmophiln, are fastidious and, con-
sequently, difficult to isolate. Others,
such as M leprae, Treponema palli-
dum, and Pnewmocystis carinii, can-
not be cultivated in vitro. Viruses
such as human papillomavirus, hepa-
titis C virus, and hepatitis B virus also
resist cultivation. The detection of M
tuberculosis requires prolonged peri-
ods of cultivation, and empiric ther-
apy frequently is initiated pending
the accurate identification.

Direct Antigen Detection
The direct detection of microbial an-
tigens in clinical specimens is an es-
sential component of diagnostic mi-
crobiology. These tests demonstrate
the reaction of an antibody that has a
target antigen in the clinical speci-
men. Some of the methods used for
microbial antigen detection include

immunofluorescence (IF), radio-
immunoassay (RIA), and enzyme-
linked immunosorbent assay

(ELISA), which largely has replaced
RIA. With the advent of highly spe-
cific monoclonal antibodies, immu-
noassays provide technical simplicity,
specificity, and rapidity.

Antigen detection methods pro-
vide diagnostic information within a
few hours for viruses such as respira-
tory syncytial virus (RSV), influenza,
rotavirus, herpes simplex virus, cyto-
megalovirus, hepatitis B virus, and
human immunodeficiency  virus
(HIV). The rapid diagnosis of bacte-
rial antigens such as group A beta-
hemolytic streptococci in pharyngeal
specimens has a significant impact on
management. Antigen detection as-
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says for Giardia sp and Cryptospo-
ridium sp have replaced the tradi-
tional ova and parasite examination
in many laboratories.

The sensitivity and specificity of
antigen detection tests vary accord-
ing to the test method and the patho-
gen antigen. Despite their rapidity
and simplicity, these tests often have
relatively poorer sensitivities, result-
ing in low negative predictive values.
In such cases, a negative result re-
quires further confirmatory testing
by conventional cultures.

Nucleic Acid Detection and
Amplification

Over the past decade, nucleic acid
amplification has emerged as a diag-
nostic strategy that competes suc-
cessfully with biologic amplification
(culture) and, in some settings, sig-
nificantly improves microbial detec-
tion and characterization by increas-
ing sensitivity further while retaining
relatively high specificity. This results
in a significant impact on the diagno-
sis and management of infectious dis-
eases. Nucleic acid amplification also
provides a sensitive alternative for the
diagnosis
slowly growing pathogens.

Several strategies for the amplifi-
cation of nucleic acid have been de-
scribed, including amplification of
target nucleic acid (eg, PCR and
transcription-mediated ~ amplifica-
tion), amplification of nucleic acid
probe (eg, ligase chain reaction), and
signal amplification (eg, branched-
probe DNA assay). As these molecu-
lar methods become more widely
available, physicians need to under-
stand their clinical applications, in-
terpretation, potential advantages,
and limitations. In this article we
focus on the PCR and its applications
because it currently is the molecular
diagnostic tool used most widely.

of noncultivatable or

PCR

PCR exploits the ability of the poly-
merase enzyme to synthesize DNA
from the four precursor molecules
(adenine, guanine, cytosine, and thy-
mine) and reproduce the genetic ma-
terial of any organism in essentially
unlimited quantities to use for detec-
tion of any organism containing nu-
cleic acid. The primary principle of
PCRis exponential amplification of a
target DNA or RNA sequence, re-
sulting in the generation of millions
ofidentical copies of DNA fragments
starting from just a few copies. The
reaction can be completed in less
than 1 hour. The essential reagents
required for nucleic acid amplifica-
tion are: 1) template: the sequence of
nucleic acid (DNA or RNA) thatis to
be amplified; 2) nucleotides: (ade-
nine, guanine, cytosine, and thy-
mine) building blocks needed for
making the product DNA; 3) primer:
a short sequence of nucleotides com-
plementary to template nucleic acid;
4) Tag DNA polymerase: a heat-
stable enzyme that makes a new com-
plementary copy of the template nu-
cleic acid by adding nucleotides to
the annealed primer; and 5) reverse
transcriptase: an enzyme that con-
verts RNA into a complementary
DNA copy (¢cDNA) for reverse tran-
scriptase (RT)-PCR.

PCRis based on the ability of the
thermostable 72 DNA polymerase
to make a new complementary copy
of the template DNA sequence. Ini-
tially, the nucleic acid (DNA or
RNA) is extracted from the clinical
specimen. The basic technique of
PCR includes repeated cycles of
heating and cooling to amplify the
nucleic acid sequence (DNA frag-
ments) (Figure). Each cycle consists
of three steps: 1) DNA denaturation,
in which heat (95°C) is used to sep-
arate the extracted double-stranded
DNA into single strands; 2) anneal-
ing, in which cooling to about 55°C
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Figure. Schematic representation of the polymerase chain reaction.

allows specifically designed primers
to adhere or anneal to their comple-
mentary template sequence; and
3) extension, in which the thermo-
stable enzyme (72 DNA polymer-
ase) and nucleotides are added to
extend the sequence between the
primers. Consequently, at the end of
cach cycle a new DNA fragment
(product DNA) complementary to
the template DNA is created, and the
quantity of PCR product is doubled.
The amplified template (target
DNA) is usually a 100- to 400-base
pair and represents a small but
unique portion of the gene. The en-
tire procedure is carried out in a pro-
grammable instrument that has the
ability to change to the different tem-
peratures required for repeated PCR
cycles. Generally, the performance of
30 to 40 thermal cycles results in the
generation of greater than 1 billion
copies of product DNA.

(RT)-PCR
(RT)-PCR is a modification of the
standard PCR that was developed to

amplify RNA templates. Because Tag
polymerase uses only DNA as a tem-
plate, the use of PCR to amplify RNA
requires the inclusion of a reverse
transcription step. The major steps of
the (RT)-PCR assay are isolation of
RNA, reverse transcription of RNA
into cDNA, and amplification of the
c¢DNA by PCR. In this process, the
RNA template is converted initially
to cDNA, which then can be ampli-
fied by standard PCR methods.
(RT)-PCR has played an important
role in the identification of RNA-
containing viruses, including HIV,
hepatitis C virus, enteroviruses, RSV,
influenza viruses, and parainfluenza
viruses. (RT)-PCR also can be ap-
plied to detecting messenger RNA.
The evaluation of bacterial 16S
ribosomal RNA (16S rRNA) is an-
other significant contribution of
(RT)-PCR. Several segments of bac-
terial 16S rRNA gene are highly con-
served in almost all bacterial species.
Other segments are more variable
and, thus, more species-specific.
PCR amplification of the 16S rRNA

sequence has identified specifically
the noncultivatable Tropheryma whip-
pelii and B henselne, which are the
causative agents for Whipple disease
and bacillary angiomatosis, respec-
tively.

PCR Product Identification
and Confirmation

Following target amplification, the
PCR product DNA can be detected
by a variety of methods. The meth-
ods used play an important role in
defining the sensitivity and specificity
of the essay.

PCR has been applied successfully
to the diagnosis of virtually all classes
of microorganisms. Organisms that
are detected commonly by NAAT are
listed in the Table.

Although PCR is a powerful tool
that has extreme rapidity, sensitivity,
and specificity in diagnosing infec-
tious diseases, it may have potential
technical difficulties. These include
false-positive reactions due to the
amplification of contaminating DNA
and false-negative reactions due to
the presence of PCR inhibitors inter-
fering with the nucleic acid amplifi-
cation.

Quantitative PCR and
Real-time PCR

PCR and other amplification meth-
ods have been adapted to measure
the amount of target nucleic acid
present in clinical specimens. The
most accurate of these methods is
the real-time PCR. With specially de-
signed thermocyclers, attached opti-
cal systems, and labeled probes, the
amplification process is monitored in
cach tube as it occurs. A labeled
probe added to the PCR mix con-
firms and quantifies the PCR product
as it is being generated (in real-time).
No additional postamplification de-
tection or confirmation systems are
required, thereby shortening the ef-
fective assay time markedly.
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Table. Microorganisms Commonly Detected in Clinical Specimens by
Nucleic Acid Amplification Methods for the Diagnosis of Laboratory

Infectious Diseases

Organism

Bordetella pertussis

Chlamydia trachomatis

Cytomegalovirus

Epstein-Barr virus

Enteroviruses (coxsackie,
ECHO, and polio)

Hepatitis B virus

Hepatitis C virus

Human immunodeficiency
virus (RNA)

Herpes simplex virus

Mycobacterium
tuberculosis

Neisseria gonorrhoeae
Toxoplasma gondii

Varicella zoster virus

Specimen

Nasopharyngeal swab

Genital tract

CSF, blood, ocular
fluid, amniotic fluid

CSF, blood
CSF, blood
Blood

Blood

Blood

CSF, blood, ocular fluid

Sputum

Genital tract specimen

CSF, amniotic fluid,
ocular fluid, tissue,
blood, BAL

CSF, ocular fluid,
dermal lesions

Clinical Application

Diagnosis

Diagnosis

Diagnosis of CNS infection,
systemic infection, retinitis,
congenital infection;
monitoring of preemptive
therapy

Diagnosis of AlDS-associated
primary CNS lymphoma, PTLD

Diagnosis of encephalitis,
meningitis

Monitoring of therapeutic
efficacy

Diagnosis of active infection,
monitoring of therapeutic
efficacy

RNA: prognosis and monitoring of
therapeutic efficacy

Diagnosis of encephalitis,
meningitis, acute retinal
necrosis

Diagnosis in conjunction with
culture

Diagnosis

Diagnosis of Toxoplasma
encephalitis, retinitis,
congenital infection

Diagnosis of encephalitis, myelitis,
congenital infection

Comments

Significantly more sensitive than
culture and antigen detection
by FA

10% to 30% more sensitive than
culture; United States Food
and Drug Administration
(FDA)-approved*

Approximately twice as sensitive
as culture; FDA-approved*

Quantitative measures used to
monitor PTLD

10% to 30% more sensitive than
culture

Routine culture unavailable

Routine culture unavailable;
FDA-approved*®

Several FDA-approved*
quantitative RNA assays are
available

Method of choice for CNS
disease and acute retinal
necrosis

Same-day diagnosis in >90% of
smear-positive sputum
specimens and ~50% sensitive
for smear-negative specimens;
FDA-approved*®

FDA-approved*

Routine culture unavailable

Significantly more sensitive than
cultures in all settings.

FA=fluorescent antibody, CSE=cerebrospinal fluid, CNS=central nervous system, AIDS=acquired immunodeficiency syndrome,
PTLD=posttransplantation lymphoproliferative disorder; BAL=bronchoalveolar lavage
“United States Food and Drug Administration/FDA-Approved Molecular Diagnostic tests (http://www.ampweb.org/).

Adapted from Graman PS, Menegus MA. Microbiology laboratory tests. In: Betts RF, Chapman SW, Pen RL, eds. A Practical Approach To Infections Diseases.

Philadelphia, Pa: Lippincott Williams & Wilkins; 2003:929-956.

Clinical Applications

Case 1
A 19-year-old Caucasian male pre-
sented to the emergency department
with fever and alteved mental status.
He was combative and had difficulty
speaking. After the initial evaluation,
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he developed a seizure that started with
shaking of the left upper extremity and
progressed  to  become  generalized.
Computed tomography showed no le-
stons or hydvocephalus. Cerebrospinal
fluid (CSF) analysis demonstrated o
white blood cell count of 250 cells/ mm’

(12% polymorphonuclears, 78% lym-
phocytes), red blood cell count of
560 cells/mm?>, protein of 85 myg/dL,
Hlucose of 75 myg/dL (4.2 mmol/L),
and o negative Gram stain.

PCR detection of HSV DNA in
the CSF has become the method of



choice for the diagnosis of HSV en-
cephalitis (HSE). Historically, the di-
agnosis of HSE required a brain bi-
opsy with cell culture because the
virus rarely can be detected by rou-
tine culture of the CSFE. The sensitiv-
ity and specificity of HSV PCR for
the diagnosis of HSE are estimated
to be 96% and 99%, respectively, thus
negating the need for brain biopsy.

Although the carly initiation of
acyclovir improves the prognosis for
patients who have HSE, PCR as an
adjunct to careful clinical assessment
also may be used to achieve ecarly
diagnosis and minimize the unneces-
sary use of acyclovir. However, it
must be emphasized that although
used increasingly, PCR assays for
herpes simplex DNA currently are
not standardized, and the accuracy
and reliability may vary widely
among laboratories. Therefore, care-
ful clinical assessment prevails.

Case 2
A 4-year-old African-American boy
presented in August with o 2-doy his-
tory of fever and headache. On the day
of the presentation, he began to com-
plain of neck pain. On physical exam-
ination, he had a temperature of
102.7°F (39.3°C), otherwise normal
vital signs, mild photophobin, positive
Brudzinski and Kernig signs, no
rashes, and intact neurvologic exami-
nation findings. A complete blood
count showed a white blood cell count
of 9,300 cells/mm?> with 45% polymor-
phonuclears and 40%  lymphocytes.
Analysis of the CSF revealed a white
blood cell count of 75 cells/mm? with
72% neutrophils, 8% lymphocytes, and
20% monocytes; protein of 22 my/dL;
Hlucose of 60 myg/dL (3.3 mmol/L);
and o negative Gram stain. Intrave-
nous ceftriaxone was started. Blood,
wrine, and CSF bacterial cultures
were negative. He was discharged on
the fourth hospital day. After dis-

chavge, bis CSF viral cultures became
positive for enterovirus.

Aseptic meningitis refers to clini-
cal and laboratory evidence of men-
ingeal inflammation in patients who
have negative bacterial CSF cultures.
Aseptic meningitis affects an esti-
mated 30,000 to 50,000 individuals
each year in the United States. Viral
infections are the most common
cause, with enteroviruses accounting
for approximately 85% of the cases.
Occasionally, bacteria such as Borre-
lin burgdorferi may cause aseptic
meningitis; noninfectious  causes
such as drug-induced aseptic menin-
gitis rarely are reported following
ibuprofen ingestion. In the past,
identification of a specific agent has
been difficult; 30% to 50% of the
cases remained of an undetermined
cause. Compared with cell culture,
the traditional “gold standard,” PCR
of CSF for detection of enteroviruses
exhibits sensitivities of 86% to 100%
and specificities of 92% to 100%.
(RT)-PCR currently is superior to
cell culture in terms of speed and
sensitivity for the detection of en-
teroviruses in infants and children.
Recent reports indicate that (RT)-
PCR could have an impact on the
clinical management of patients in-
fected with an enterovirus, resulting
in ecarlier hospital discharge, fewer
diagnostic tests, decreased antibiotic
use, and increased diagnostic cer-
tainty.

Case 3
A 16-year-old HIV-positive girl nc-
quirved hepatitis C virus (HCV) (ge-
notype 1a) following a contaminated
intravenous immune globulin trans-
fusion. She was otherwise healthy, com-
pliant with her antivetrovival therapy,
and had undetectable HIV plasma vi-
ral loads. Her liver transaminase con-
centrations were chronically elevated.
A liver biopsy was performed to deter-
mine the risk of disease progression.

Subsequently, combination therapy
with pegylated interferon (peginter-
fervon) plus ribavirin was initinted.
HCYV plasma viral loads were moni-
tored by real-time quantitative PCR.
A 2 log,g drop in viral load was not
realized within 6 months of initiating
therapy. In keeping with 2002 Na-
tional Institutes of Health guidelines
regarding the management of HCV
infection, treatment was discontin-
ned.

In this case, (RT)-PCR identified
the HCV infection, provided quanti-
fication to monitor therapy, and per-
mitted genotyping of the HCV as a
prognostic indicator. Six distinct
HCV genotypes and multiple sub-
types have been identified. In the
United States and Western Europe,
genotypes la and 1b are the most
common, followed by genotypes
2 and 3. Knowledge of the genotype
is crucial because it has predictive
value in terms of the response to an-
tiviral therapy, with better responses
associated with genotypes 2 and
3 and poorer response with genotype
1. The recent development of effec-
tive regimens, including interferon
and ribavirin, has increased the use-
fulness of HCV RNA loads in treat-
ment follow-up and in defining pa-
tients who require therapy.

NAATS have been modified to de-
termine viral loads. Viral load testing
now is being used routinely to assess
prognosis and monitor response to
therapy for patients who have infec-
tion with HIV, hepatitis B virus,
HCV, and cytomegalovirus. When
used with other markers, such as
CD4 cell count, plasma HIV viral
load is an early and accurate marker
of disease progression and a decisive
factor in the initiation or modifica-
tion of antiretroviral medications.
Estimation of cytomegalovirus or
Epstein-Barr virus viral loads may
mark and predict the onset of reacti-
vation. This allows better identifica-
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tion of patients at high-risk for
cytomegalovirus- or Epstein-Barr
virus-related diseases and is especially
useful in immunocompromised indi-
viduals.

Conclusion

PCR and related NAATs now are
used widely by clinical microbiolo-
gists for diagnostic purposes (eg,
Chlamydia, HCV, and HIV infec-
tion in the newborn) as well as for
monitoring of therapeutic efficacy
(HIV and HCV viral loads assays). In
addition, molecular methods are
gaining acceptance in identifying re-
sistance genes (eg, mecA gene in
methicillin-resistance staphylococci),

detecting viral mutations associated
with drug resistance (eg, HIV, cyto-
megalovirus, HSV), and characteriz-
ing organisms for epidemiologic pur-
poses. Molecular methods already
are an important part of our daily
lives, and their role is bound to ex-
pand significantly within the next few
years. Therefore, it is important to
understand the strengths and weak-
nesses of molecular testing methods
and to stay abreast of developments
in this rapidly evolving field.
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Azole antifungals consist of two pri-
mary classes: imidazoles and triazoles.
Both classes are fungistatic agents and
share similar mechanisms of action. The
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azoles interfere with the synthesis and
permeability of fungal cell membranes
by inhibiting cytochrome P450-
dependent 14-alpha-sterol demethyl-
ase. This enzyme is required for the
synthesis of ergosterol, the major sterol
of most fungal cell membranes. The loss
of cell membrane integrity inhibits cell
division by causing intracellular swell-
ing and interferes with cellular adhe-
sion and epithelial penetration by al-
lowing the protrusion of cytoplasm
through the membrane. Currently avail-
able imidazoles include clotrimazole,
miconazole, ketoconazole, econazole,
and butoconazole. The triazoles used
most widely are fluconazole, itracon-
azole, and terconazole.

Among the imidazoles, ketoconazole
gained widespread popularity after its
release as the only available oral agent
for the treatment of systemic fungal
infections. Its usefulness has been over-
taken since by the new triazoles, but

ketoconazole remains effective as a
second-line agent against certain can-
didal species, histoplasmosis, blastomy-
cosis, coccidioidomycosis, and paracoc-
cidioidomycosis.  Itraconazole  and
fluconazole offer less drug-related tox-
icity and have been found to be more
effective in the treatment of immuno-
compromised patients who have sys-
temic fungal infections.

The absorption of oral ketoconazole
depends on an acid pH. Antacids, his-
tamine, blockers, and foods that neu-
tralize gastric acid may interfere with
drug solubility. Ketoconazole is 99%
serum protein-bound, with drug pene-
tration to the epidermis, skin append-
ages, synovial fluid, lung, saliva, and
vaginal secretions. Penetration into ce-
rebrospinal fluid is poor, thus limiting
the drug's effectiveness against menin-
geal infections. Ketoconazole is metab-
olized in the liver. Dose adjustments are
not required for patients who have



renal insufficiency, but many clinically
significant drug interactions have been
reported, thus restricting its use.

The most common adverse reactions
to ketoconazole are dose-dependent
anorexia, nausea, and vomiting, which
occur in 20% of users. Patients also
may experience rash or pruritus (2% to
49)), alopecia (8%), and diarrhea. By
interfering with steroid biosynthesis,
ketoconazole may contribute to the
development of menstrual irrequlari-
ties, gynecomastia, impotence, and a
decrease  in  adrenocorticotrophic
hormone-stimulated adrenal cortisol
production. Approximately 5% to 10%
of patients develop increases in serum
transaminases, with symptomatic hep-
atitis occurring much less frequently
(~1:100,000 patients). If it must be
used, the ketoconazole dose should be
adjusted for patients who have signifi-
cant hepatic dysfunction.

The primary triazoles, fluconazole
and itraconazole, are now the first-line
agents for the treatment of a variety of
fungal infections, including oropharyn-
geal and esophageal candidiasis, for
which they largely have replaced keto-
conazole.

Fluconazole is highly absorbable
from the gastrointestinal tract regard-
less of the gastric environment. In fact,
oral fluconazole produces therapeutic
drug levels as well as the intravenous
preparation does. It is effective against
oral, esophageal, and vaginal candidia-
sis; ringworm; histoplasmosis; mucor-
mycosis; cryptococcosis; and coccid-
ioidomycosis. Fluconazole is distributed
widely throughout the body, penetrat-
ing well into saliva, urine, vaginal se-
cretions, liver, skin, eye, and brain. Its
excellent penetration into cerebrospinal
fluid makes fluconazole useful in the
treatment of cryptococcal and coccid-
ioidal meningitis, usually in conjunction

with amphotericin B. Fluconazole is
excreted largely through the kidneys,
thus requiring dose adjustment for pa-
tients who have renal compromise.
Nausea (4%), vomiting (2%), and head-
ache (2%) are its most common adverse
effects, along with rash (2%), abdomi-
nal pain (2%), and diarrhea (1.5%).
Reversible alopecia has been reported,
as has hepatotoxicity, limiting its use
by patients who have liver insufficiency.

Like fluconazole, itraconazole is
available orally and intravenously and is
metabolized predominately by the liver.
Although the two drugs share a similar
mechanism of action, itraconazole has
a broader spectrum of activity. In addi-
tion to its use as an alternative to
fluconazole, it has activity against blas-
tomycosis and paracoccidioidomycosis,
as well as subungual onychomycosis,
sporotrichosis, tinea corporis, and tinea
versicolor.  Itraconazole  penetrates
poorly into the cerebrospinal fluid, lim-
iting its effectiveness against infections
involving the central nervous system.
Common adverse effects include nau-
sea and vomiting (10%), hypertriglyc-
eridemia (9%), hypokalemia (6%), and
rash (2%). Prolonged use has been as-
sociated with adrenal insufficiency and
hypertension, and chemical phlebitis is
a risk with the intravenous preparation.

With the increasing use of the imi-
dazoles and triazoles, resistant organ-
isms have emerged, prompting the de-
velopment of new antifungal agents.
Voriconazole, a second-generation tria-
zole, inhibits both 14-alpha-sterol and
24-methylene-dihydrolanosterol  de-
methylation, giving it a broader cover-
age than its predecessors, including
activity against invasive aspergillosis
and non-albicans candidal species. It
has good bioavailability both intrave-
nously and orally. Reversible visual dis-
turbances occur in as many as 30% of

patients who use voriconazole. Because
it is metabolized in the liver, it poses a
risk for hepatotoxicity.

In addition to the azoles, other
classes of antifungal agents are coming
into use. Caspofungin is the first of the
echinocandins to be released. It inhibits
beta-1,3-glucan synthase, which is
critical for the formation of the fungal
cell wall. Not well absorbed from the
gastrointestinal tract, caspofungin is
available only for intravenous use. It is
particularly useful against refractory
aspergillosis and as an adjunct to am-
photericin B. Caspofungin is fungicidal
and has relatively few adverse effects.
Some patients experience fever, infu-
sion site reactions, or headache. Serum
transaminases may become elevated
during use and should be monitored in
patients who have hepatic insuffi-
ciency.

Ee Tein Tay, MD

Albert Einstein College of Medicine
Children’s Hospital at Montefiore
Bronx, NY

Comment: Back in 1998, comment-
ing on an In Brief about amphotericin, |
expressed my dismay that so old an
agent, with all its unpleasant adverse
effects and serious toxicity, remained
the drug of choice for almost every
serious fungal infection a pediatrician
might have to treat. | said, "Somehow,
in the age of nth generation cephalo-
sporins, monobactams, quinolones, and
ever newer macrolides, we should have
available a 'kinder' antifungal agent.”
We are not yet ready to send ampho-
tericin into retirement, but that day
may be approaching.

Henry M. Adam, MD
Editor, In Brief
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ATTENTION ARTISTS AGES 5 TO 16 YEARS
ART CONTEST FOR COVERS OF THE
YEAR 2006 AND 2007 ISSUES OF
PEDIATRICS IN REVIEW

INSTRUCTIONS TO ARTISTS:

Your drawing should be no smaller than 8.5” X 11” and no larger than 18” X 24". Remember that your drawing
will be reduced to 5.5” X 6" on the cover of the journal, so:

Make your drawing COLORFUL. Try to make your drawing fit the space (vertical, not horizontal). Draw

about . . .

Your favorite thing to do
Your dream of what you would like to happen someday
What you would like to be doing when you grow up

Entry Information (please fill in ALL information):

Name: Age:
Address:
City/State /Zip:

Pediatrician’s Name: Telephone #

Artwork should be submitted WITH THIS FORM TO:

Sydney Sutherland

Editorial Assistant, PIR

c/0 Dept. of Pediatrics, Box 777

University of Rochester Medical Center, Room 4-8104
601 Elmwood Avenue

Rochester, NY 14642

ALL ENTRIES MUST BE RECEIVED BY DECEMBER 30, 2005

CLINICIANS: Please post this notice in your office FOR YOUR PATIENTS!
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