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also recommended for all pregnant women with de-
tectable plasma viremia in order to optimize treat-
ment for the woman and prevent the transmission of
HIV to the newborn. However, to prevent mother-
to-infant transmission and to treat patients with an
acute primary HIV-infection syndrome, antiretroviral
therapy should be instituted promptly, before the re-
sults of resistance testing are available. Appropriate
changes in the regimen can be made as needed once
the results become available.

The study by Little et al. emphasizes the need for
new antiretroviral drugs, including agents within exist-
ing classes of reverse-transcriptase inhibitors and pro-
tease inhibitors, as well as agents that attack HIV at
different stages in its replicative cycle. Several nucle-
oside reverse-transcriptase inhibitors, nonnucleoside
reverse-transcriptase inhibitors, and protease inhibi-
tors that are active against existing resistant viruses are
under development. In addition, new classes of agents
— for example, compounds that block the attachment
of HIV or its entry into susceptible cells and agents
that block the integration of HIV into the DNA in
those cells — are in clinical trials. Therapeutic vacci-
nations and other immunotherapeutic approaches to
augment the anti-HIV effects of antiretroviral drugs
may also ultimately prove useful in reducing the prev-
alence of drug resistance.

HIV has proved to be a wily opponent and will
most likely develop resistance to any new antiretrovi-
ral drug that is introduced. It will be a continuing chal-
lenge to develop and use optimally existing and new
drug regimens and therapeutic strategies. Our goals
should include worldwide access to the most potent
antiretroviral regimens, appropriate education about
adherence to these complex treatment programs,
monitoring of all treated patients for viral suppres-
sion and emergence of resistance, and development of
long-term strategies to prevent resistance or to treat
resistant virus effectively when it develops. Only by
achieving these goals can we minimize viral drug re-
sistance and thereby maximize therapeutic options for
patients’ lifelong battle against HIV.
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YSTIC fibrosis is a heterogeneous recessive genet-
ic disorder with pathobiologic features that re-

flect mutations in the cystic fibrosis transmembrane
conductance regulator (

 

CFTR

 

) gene. Classic cystic fi-
brosis reflects two loss-of-function mutations in the

 

CFTR 

 

gene and is characterized by chronic bacterial
infection of the airways and sinuses, fat maldigestion
due to pancreatic exocrine insufficiency, infertility in
males due to obstructive azoospermia, and elevated
concentrations of chloride in sweat (Fig. 1).

 

1

 

 Patients
with nonclassic cystic fibrosis have at least one copy
of a mutant gene that confers partial function of the
CFTR protein, and such patients usually have no overt
signs of maldigestion because some pancreatic exo-
crine function is preserved (Fig. 1). Although a value
of 60 mmol per liter or higher on the sweat chloride
test is diagnostic of cystic fibrosis, the concentration
of sweat chloride is usually somewhat lower in patients
with the nonclassic form of the disease (approximately
60 to 90 mmol per liter) than in those with classic
cystic fibrosis (approximately 90 to 110 mmol per li-
ter); moreover, the test result is sometimes borderline
(40 to 59 mmol per liter) or normal (<40 mmol per
liter) in the nonclassic form.
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 Some 

 

CFTR 

 

mutations
that result in residual CFTR function have been linked
to disease of one organ, such as late-onset pulmonary
disease, congenital bilateral absence of the vas deferens,
or idiopathic pancreatitis.
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To cope with the diagnostic challenges posed by
nonclassic cystic fibrosis, a consensus statement has
been developed, which defines cystic fibrosis as the
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most (26) had a second mutation or the IVS8-5T al-
lele, which was discovered by comprehensive sequenc-
ing of the 

 

CFTR 

 

gene. The IVS8-5T allele frequently
leads to splicing out of exon 9 of 

 

CFTR, 

 

which may
reduce the function of CFTR protein to a level asso-
ciated with clinical disease.
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 Thus, in patients with
some clinical features that overlap those of cystic fi-
brosis, plus one 

 

CFTR 

 

mutation identified by geno-
type screening, intensive genetic testing of the second
allele is likely to identify a second 

 

CFTR 

 

mutation or
polymorphism. 

Nevertheless, identification of a second mutation or
polymorphism in these patients does not conclusively
establish the molecular basis of their clinical syndrome.

 

Figure 1.

 

 Classic and Nonclassic Cystic Fibrosis. 
The findings in classic cystic fibrosis are shown on the left-hand side, and those of nonclassic cystic fibrosis on the right-hand side.
Patients with nonclassic cystic fibrosis have better nutritional status and better overall survival. Although the lung disease is vari-
able, patients with nonclassic cystic fibrosis usually have late-onset or more slowly progressive lung disease. Sweat-gland function,
as evidenced by the sweat chloride test, is abnormal but not to the extent noted in classic cystic fibrosis. Pancreatitis may occur in
patients with nonclassic disease. However, chronic sinusitis and obstructive azoospermia occur in both groups of patients. On the
basis of these findings, one can infer that mutations in 

 

CTFR,

 

 perhaps coupled with other genetic or environmental factors, may
confer a predisposition to sinusitis, pancreatitis, or congenital bilateral absence of the vas deferens (azoospermia) in the general
population.

Classic cystic fibrosis
(no functional CFTR protein)

Chronic sinusiitis

Severe chronic bacterial
infection of airways

Severe hepatobiliary
disease (5–10% of cases)

Pancreatic exocrine
insufficiency

Meconium ileus at birth
(15–20% of cases)

ronic sinusitisChr

Chronic bacterial
infection of airways
(later onset, but variable)

Adequate pancreatic
exocrine function (usually);
pancreatitis (5–20% of cases)

Sweat chloride value usually
60–90 mmol/liter; sometimes
normal (<40 mmol/liter)

Sweat chloride value
usually 90–110 mmol/liter;
sometimes 60–90 mmol/liter

Obstructive azoospermiaObstructive azoospermia

Nonclassic cystic fibrosis
(some functional CFTR protein,
providing survival advantage)

Classic and Nonclassic Cystic Fibrosis

 

presence of a coherent clinical syndrome, plus either
evidence of CFTR dysfunction (an abnormal value for
sweat chloride or nasal potential difference) or confir-
mation of cystic fibrosis–causing mutations on both
alleles.
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 Patients who have disease linked to mutant

 

CFTR 

 

with residual protein function but do not meet
the diagnostic criteria are considered to have 

 

CFTR

 

-
related disease.

In this issue of the 

 

Journal, 

 

Groman et al. report ex-
tensive genetic analyses of DNA samples from 74 pa-
tients with clinical features suggestive of cystic fibro-
sis.
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 Several important observations emerged. First,
of the 34 patients in whom standard screening had
identified a single cystic fibrosis–causing mutation,
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Missense mutations must be validated as disease-caus-
ing mutations by testing the prevalence in a large num-
ber of non–cystic fibrosis chromosomes or by con-
ducting functional studies, and the effect of the 5T
allele must be assessed with the use of functional as-
says.

 

6

 

 Groman et al. do not report which patients had
abnormal values for sweat chloride or nasal potential
difference, so it is difficult to determine how many of
these patients had cystic fibrosis on the basis of the
current diagnostic criteria. Such considerations un-
derscore the limitations of using extensive mutation
analysis alone to establish conclusively (or rule out)
a diagnosis of cystic fibrosis in unusual cases; exten-
sive clinical and physiological studies are required to
complement the genetic data.

The second observation is more provocative. In 40
of the 74 patients who underwent extensive genetic
testing, standard screening had shown no 

 

CFTR 

 

mu-
tations. In this group of patients, genetic assays that
included Southern blot analysis to detect genomic re-
arrangements and sequencing of a portion of the pro-
moter region showed two mutant 

 

CFTR 

 

alleles in only
three patients and a single mutation in seven patients.
In the other 30 patients, there were no 

 

CFTR 

 

muta-
tions. The simplest hypothesis is that mutant 

 

CFTR

 

was not the basis of the variant clinical syndrome in
these 30 patients. The majority of the patients did not
undergo extensive testing for evidence of CFTR-medi-
ated abnormalities in ion transport. However, the re-
sults of linkage (haplotype) analyses of 

 

CFTR 

 

and
studies of nasal and sweat-gland ion transport in four
patients from two families were consistent with this
hypothesis.

It is not surprising that some patients have a cystic
fibrosis–like clinical syndrome (“variant cystic fibro-
sis”) reflecting environmental and genetic influences
other than mutations in 

 

CFTR,

 

3,8

 

 and some of the
patients in the study by Groman et al. may have had
such a variant form of the disease. There have been
several reports of mutations in different genes that pro-
duce similar clinical phenotypes by acting through
common pathways in biologic function, including dis-
orders with clinical features that overlap those of cyst-
ic fibrosis.
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In the absence of more extensive clinical, radio-
graphic, and physiological information, it is premature
to conclude that most (or many) of the patients in
this study who did not have any mutations in 

 

CFTR

 

had a variant form of cystic fibrosis. Since we cannot
rely on molecular testing, a diagnosis of cystic fibrosis
must be established by ruling out other disorders, be-
cause the clinical phenotype is not sufficiently distinct.

Most patients whose DNA was studied by Groman
et al. had respiratory symptoms that are common in
the general population (recurrent cough and wheez-
ing, pneumonia, reactive airway disease, and chronic

sinusitis). These symptoms may be manifestations of
a relatively common disorder (allergic disease or asth-
ma) or a less common disorder (primary ciliary dyski-
nesia, postinfectious bronchiectasis, hypogammaglob-
ulinemia, or 

 

a

 

-antiprotease deficiency) that might be
present in this highly selected group of patients. Nor
can we rely on the sweat chloride test to confirm the
diagnosis. The patient population in the study by
Groman et al. was preselected, in part, on the basis
of borderline or abnormal sweat chloride values, and
there is substantial test and biologic variability in sweat
chloride values, particularly those in the borderline
range, among normal persons.

 

2,7,13,14

 

The high prevalence of steatorrhea — in 9 of the
30 patients without 

 

CFTR 

 

mutations — is striking.
However, in the absence of a preestablished diagno-
sis of cystic fibrosis (or any condition known to cause
pancreatic insufficiency), studies of fecal fat balance
are nonspecific, and the mechanism of excessive fat
losses cannot be assigned to maldigestion rather than
malabsorption (i.e., a pancreatic cause rather than an
intestinal cause). 

Could some of the patients in this study have had
well-defined (but undiagnosed) disorders, such as a
gastrointestinal mucosal defect of absorption or the
Shwachman–Diamond syndrome, the latter of which
is also associated with recurrent respiratory infections?
Finally, Groman et al. do not report whether any of
the patients had abnormalities that are also linked to
slight increases in sweat chloride values, such as mal-
nutrition, adrenal abnormalities, or the skin changes
associated with disorders such as hypogammaglobu-
linemia.

 

15

 

 Thus, a cystic fibrosis–like constellation of
signs and symptoms may reflect, directly or indirect-
ly, the effects of several recognized clinical disorders
and their consequences, and labeling such a constel-
lation “variant cystic fibrosis” is a concern.

In theory, some patients may have a variant form of
cystic fibrosis without mutations in the 

 

CFTR 

 

gene,
although such an entity will be difficult to define,
unless an alternative genetic cause is identified, per-
haps coupled with diagnostic abnormalities of ion
transport. The study by Groman et al. highlights the
potential importance of the findings in such patients,
which provide an opportunity to gain further insight
into mechanisms underlying the pathobiology of the
cystic fibrosis phenotype. The study also underscores
the challenges encountered in the pursuit of novel
pathophysiological insights. These effects will require
not only molecular analyses, but also intensive eval-
uation of patients with the use of standard clinical,
radiographic, and biochemical techniques. Moreover,
we must broaden our approaches to evaluating ion
transport in vivo and use evolving methods (proteom-
ics) to identify biomarkers of other nearly unique fea-
tures of cystic fibrosis. We look forward to further
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definition of the clinical and biologic phenotype in
patients such as those described by Groman et al.
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