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are similar to those of other common respiratory
diseases, making a specific diagnosis of SARS pos-
es difficulties to medical professionals. Our en-
hanced real-time (ERT) polymerase-chain-reac-
tion (PCR) method (first presented in June 2003 at a
symposium on SARS1) has been designed for the
detection of SARS-CoV with high sensitivity and
easy-to-interpret results.2 The power of the ERT
technique has now been extensively explored with
the development of ERT-based diagnostic tests for
various infectious diseases, including avian influ-
enza and foot-and-mouth disease.

Since the first report of ERT results for SARS,2

the ERT technique has been modified to increase
its sensitivity for the detection of SARS-CoV by at
least 10 times (Fig. 1). This improved sensitivity
has been achieved by combining the reverse-tran-
scriptase (RT) and PCR steps into a single step (de-
scribed in Supplementary Appendix 1, available
with the full text of this letter at www.nejm.org).
In addition, the procedural change makes the di-
agnostic procedure more convenient. These salient
features of one-step RT-PCR have thus far been
overlooked by other researchers in this field. Be-
cause the single RT-PCR step and the subsequent
real-time PCR step require only 35 cycles, the detec-
tion of SARS-CoV by the modified ERT technique
yields results quickly and with higher sensitivity
than regular real-time PCR assays reported to date.

As noted by the World Health Organization with
respect to the shortcomings commonly seen in
available diagnostic tests for SARS,3 it is important
to unify a molecular test for SARS that can provide
sensitive, reliable, and accurate results. Currently,
many research groups claim that their methods are
accurate, but the way in which they evaluate accura-

cy is not clearly described.4 The usefulness of an ac-
curate test that lacks sensitivity has yet to be deter-
mined. Unless a unified molecular test for SARS
with high sensitivity and reliability is available, we
may face the risk of false negative test results, which
would allow infected patients to slip into the com-
munity and avoid control measures set up to isolate
carriers.

Over a year after the start of the 2003 SARS out-
break, many people are still struggling to recover
from the physiological and psychological scars in-
flicted at that time. Identifying potential SARS-CoV
carriers by a method with high sensitivity and reli-
ability and as early as possible is crucial to avoid a
repetition of the 2003 outbreak.
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Central Nervous System and Limb Anomalies in Case Reports 
of First-Trimester Statin Exposure

to the editor: The cholesterol-lowering statin
drugs are contraindicated in pregnancy1; therefore,
few data exist regarding their safety in human ges-
tation. We reviewed 178 cases of first-trimester stat-
in exposure reported to the Food and Drug Admin-
istration (FDA) from 1987 through 2001 for patterns
suggesting possible drug-related effects on embryo-
genesis. After the exclusion of cases involving first-
trimester elective or spontaneous abortions (46 and
42 cases, respectively), pregnancy loss due to ma-

ternal illness (15), fetal genetic disorders (3), tran-
sient neonatal disorders (5), or loss to follow-up
(15), 52 cases were considered evaluable (Table 1).

Among these cases, there were 20 reports of mal-
formation, including 5 severe defects of the central
nervous system (2 of which were holoprosenceph-
aly) and 5 unilateral limb deficiencies; one patient
had both of these malformations. The two simva-
statin-exposed cases of limb deficiency were com-
plex lower-limb anomalies including both long-
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bone shortening and aplasia or hypoplasia of the
foot structures. The infant in one of these cases and
a lovastatin-exposed infant also had rare forms of
the VACTERL association (i.e., three or more of the
following findings: vertebral,  anal, cardiac, trache-
al, esophageal, renal, and limb defects).

In all cases of adverse outcomes at birth, the as-
sociated statin was lipophilic. Cerivastatin, simva-
statin, lovastatin, and atorvastatin all achieve em-
bryoplacental concentrations similar to those of
maternal plasma.1 In studies in animals, lipophilic
statins have been shown to have adverse reproduc-
tive effects in the axial skeleton, viscera, or central
nervous system. No malformations were reported
among 14 infants exposed to pravastatin; this statin
is hydrophilic, has low tissue penetration, and has
not caused reproductive toxic effects in animals.1

Holoprosencephaly and the VACTERL associa-
tion have been linked to inhibition of cholesterol
biosynthesis, down-regulation of the cholesterol-
dependent sonic hedgehog morphogenetic path-
way, or both.3,4 These malformations as well as
neural-tube and cardiac defects are also associat-
ed with maternal diabetes; thus, diabetes might
confound the association between statin use and
these malformations. However, maternal diabetes
was identified in only 7 of 178 case reports and 1 of
20 cases of malformation (spina bifida).

It is thought that only a small proportion of
adverse events are reported to the FDA2; however,
reports are likely to be biased toward severe out-

comes. The number of births after first-trimester
exposures to statin are unknown. Table 1 presents
both the number of reported exposures and the pre-
dicted number of exposures on the basis of prescrip-
tion data and birth rates. There would be no expect-
ed cases of most of the malformations listed in the
table, even allowing for the imprecision of estimat-
ing exposures; yet three rare anomalies3-5 are each
observed twice in this small series.

Data from case series cannot be used to test hy-
potheses of teratogenicity. However, these findings
support the need for controlled epidemiologic stud-
ies evaluating the potential teratogenic effects of
individual drugs in this class.

Robin J. Edison, M.D., M.P.H.
Maximilian Muenke, M.D.
National Institutes of Health
Bethesda, MD 20892-1852
muenke@nih.gov
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CORRECTION

Gestational Exposure to Lovastatin Followed by
Cardiac Malformation Misclassified as
Holoprosencephaly

To the Editor: In 2004, we reported central nervous system and

limb anomalies that followed exposure to statin drugs in the first

trimester of pregnancy (April 8, 2004, issue).1 One case, in which

there had been exposure to lovastatin, was described as involv-

ing holoprosencephaly on the basis of three separate reports of a

`̀ cerebral/brain ventricular septal defect,´́ with accompanying cardiac

malformations that had been submitted to the Food and Drug Ad-

ministration adverse-event database. We recently learned that the

manufacturer considered the structural anomalies to be solely car-

diac, and therefore we requested source documentation to clarify the

conflicting reports. A detailed clinical report that was located among

archival documents clearly described an atrial septal defect, a ven-

tricular septal defect, and aortic hypoplasia leading to cardiac failure,

with secondary central nervous system dysfunction. It was apparent

that a data-extraction error had occurred, incorrectly categorizing the

ventricular septal defect as an intracranial anomaly. Correcting this

misclassification reduces our reported number of lovastatin-exposed

fetuses with midline central nervous system anomalies from three to

two. We still believe that the preponderance of the evidence supports

the hypothesis that early gestational exposure to statin drugs may be

teratogenic and that prospective studies should be initiated.

Robin J. Edison, M.D., M.P.H.

Maximilian Muenke, M.D.

National Institutes of Health

Bethesda, MD 20892-3717

muenke@nih.gov
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