
the rapid degradation of SMX-NO as suggested by
Naisbitt et al.1

This discussion refers to the role of reactive metabolites
in drug hypersensitivity. Decades ago, it was proposed
that alterations in the detoxification pathways and in-
creased production of reactive metabolites were key
factors, with most medications small, inert compounds
considered not capable of inducing an immune response.
Actually, the list is already long of human T-lymphocyte
clones that react to the parent form of drugs.3 For example,
Naisbitt et al5 demonstrated that T-lymphocyte clones
from patients hypersensitive to lamotrigine recognized
lamotrigine and none of several metabolites tested.

We obviously have a different interpretation of the
results of Schnyder et al3 on the role of reactivemetabolites.
We invite those interested to read that article. The
introduction states, ‘‘The majority of drug-reactive T cells
from allergic individuals recognize the noncovalently
bound sulfamethoxazole directly and do not respond to
SMX-NO-modified APC. This pattern of Ag reactivity
suggests that in sulfamethoxazole hypersensitivity the
major part of the primary stimulation may be directed to
the noncovalently bound sulfamethoxazole.’’3

These discussions should not obscure the most impor-
tant finding of our study. Until now, the demonstration of
drug-reactive T lymphocytes in humans was based on
clones derived from the blood or from positive skin tests
of hypersensitive patients. Because these clones had been
obtained after several reactivations by the drug in culture,
their clinical relevance remained questionable. By finding
a specific reactivity in T cells obtained directly at the site
of active lesions without rechallenge, our results provide
strong support to these previous studies on immune re-
activity to medications.

Jean-Claude Roujeau, MD
Pierre Wolkenstein, MD, PhD
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Hôpital Henri Mondor
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Institut National de la Santé et de la Recherche Médicale and the

French Ministry of Health (grant #4CH09G), and by the 5th PCRD

of the European Union (contract QLG1-CT-2002-01738).

REFERENCES

1. Naisbitt DJ, Pirmohamed M, Park BK. Drug presentation to T cells. J

Allergy Clin Immunol 2005;115:877-8.

2. Nassif A, Bensussan A, Boumsell L, Deniaud A, Moslehi H, Wolkenstein

P, et al. Toxic epidermal necrolysis: effector cells are drug-specific

cytotoxic T-cells. J Allergy Clin Immunol 2004;114:1209-15.

3. Schnyder B, Burkhart C, Schnyder-Frutig K, von Greyerz S, Naisbitt DJ,

Pirmohamed M, et al. Recognition of sulfamethoxazole and its reactive

metabolites by drug-specific CD41 T cells from allergic individuals.

J Immunol 2000;164:6647-54.

4. Reilly TP, Lash LH, Doll MA, Hein DW, Woster PM, Svensson CK.

A role for bioactivation and covalent binding within epidermal keratino-

cytes in sulfonamide-induced cutaneous drug reactions. J Invest Dermatol

2000;114:1164-73.

5. Naisbitt DJ, Farrell J, Wong G, Depta JPH, Dodd CC, Hopkins JE, et al.

Characterisation of drug-specific T cells in lamotrigine hypersensitivity.

J Allergy Clin Immunol 2003;111:1393-403.

doi:10.1016/j.jaci.2005.01.012

J ALLERGY CLIN IMMUNOL

APRIL 2005

878 Correspondence
Laboratory diagnostics for hereditary
angioedema: An economic, evidence-based
standpoint

To the Editor:
We commend the principle of the Canadian 2003

International Consensus for providing a working algo-
rithm for the diagnosis, therapy, and management of
hereditary angioedema (HAE).1

We have compared the economic impact of this di-
agnostic approach with that used within our center from
a health economics viewpoint. Our diagnostic algorithm
undertakes a primary screen of serum complement factor 4
(C4) and quantitation of C1 inhibitor antigenic protein
(C1-Inh) for all individuals presenting with the clinical
features mentioned in Figure 2 of the Canadian 2003
International Consensus article. Both of these tests are
normal in the vast majority of individuals presenting with
isolated angioedema. For such individuals, no further
testing is undertaken, and HAE/acquired angioedema
(AAE) is excluded. We are aware that a minority of
patients with HAE2,3 may have normal C4 and C1-Inh
levels outside of an attack (approximately 1 per 1 3 106

population), andwe undertake a C1-Inh functional assay if
clinical suspicion remains high despite normal primary
screening tests (ie, family history, poor response to
antihistamines, good response to C1-Inh, and so forth).
For those with a low C4, in particular those below 30% of
the lower limit of the reference range,3 we would strongly
consider a C1-Inh pathway abnormality. In these circum-
stances, we repeat the test with an additional C1 functional
assay. If the functional test C4 and C1-Inh are low, we
diagnose type I HAE, and if the C1-Inh is normal or
elevated, we diagnose the less common (1 in 0.253 106)
type II HAE. If in either of these circumstances the clinical
presentation is suggestive of an AAE (ie, age of onset, pre-
existing autoimmune or malignant disease), we undertake
C1q testing to establish a diagnosis of AAE. Because the
laboratory reference ranges for both C4 and C1-Inh are set
to 2 SD of the mean of a normal population, 2.5% of
patients will have a C4 and C1-Inh below the normal limit.
For such individuals, we undertake secondary screeningwith
C1 functional assay and repeatC4andC1-Inh assay, recogni-
zing that most of these patients will not have HAE/AAE.

Our tertiary practice serves a population of 1.5 million
and reviews approximately 300 cases of isolated angio-
edema per year with a cohort of 18 patients with type I
HAE. We diagnose most of our patients with HAE from
family studies of an index case and identify a new case of
HAE within our isolated angioedema population approx-
imately once every 5 years. A 5-year cost analysis using
the diagnostic algorithms is shown in Tables I and II with



Reply

To the Editor:
We thank Krishna et al1 for their comments regarding

the cost implications of the algorithm we proposed.2 We
stated in figure and in text that suspicion for C1-INH
deficiency requires at least the presence of ‘‘recurrent
angioedema without urticaria, abdominal pain, etc.’’
These scenarios may be different from those of isolated
angioedema, which are considered in the Southampton
protocol and for which C1-INH measurement may be
questionable. The finding of 1 positive every 5 years out of
300 screenings per year (1 positive every 1500 tests)
confirms the questionable appropriateness of the screen-
ing. Using our algorithm, we make the diagnosis of
hereditary angioedema (HAE) in 1 to 2 cases out of the
approximately 300 patients with isolated angioedema
tested annually. In their letter, they stated that the costs
of both the detection of a single case of HAE/acquired
angioedema (AAE) and the exclusion of this disorder in all
other cases of angioedema are higher if performed using
our consensus recommendations compared with their
Southampton approach. However, if one reviews our
text, one sees that our approaches are essentially the
same. The confusion may come from our Fig 2, the line
diagram algorithm, but is clarified in the text beneath the
figure, Section 3.a, and we use the indication of recurrent
angioedema. In the text of our article, we stated that the
screening is first performed only with C4 and C1-INH
proteinmeasurements (p. 632, 3.a), as they also propose. If
the test results are low and AAE is not suspected, the
diagnosis is likely type I HAE. If the C4 and C1-INH
antigenic proteins are both normal but clinical suspicion is
strong, then we recommend testing C1-INH functional
level. If low, this is suggestive of type II HAE. We
recommend C1q testing only when AAE is suspected,
again in agreement with Krishna et al.1 We described that
repeated testing of C4 and C1-INH antigenic level during
an acute attack is necessary only in a small percentage of
cases in which these parameters are both normal but
clinical suspicion is strong (<1% of patients with HAE
have normal C4 between attacks; see p. 632, 3.a.ii). We
appreciate the clarification of Krishna et al1 of our line
diagram algorithm by confirming what we have outlined
in our text, Section 3.a, and what could have been more
clearly outlined in a larger line diagram algorithm.

Tom Bowen, MD, FRCPCa

Marco Cicardi, MDb
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the costing of tests as follows (all in pounds sterling): C4
and C1-Inh@ £15/test, C1 functional@ £25/test, and C1q
@ £5/test.

The price for both the detection of the single case of
HAE/AAE and the exclusion of this disorder in all other
cases of isolated angioedema is £106,125 for the
International Consensus (Table I) and £25,540 for the
Southampton approach (Table II). If the International
Consensus approach is applied across the National Health
Service within the United Kingdom, the total projected
excess expenditure per annum for screening for 1 rare
disease would amount to approximately £600,000.

We believe that our approach is cost-effective and
no less evidence-based than that of the International
Consensus panel and that it would bemore easily accepted
from an economic standpoint in most laboratories and
health economies.

Mamidipudi T. Krishna, PhD, MRCP, MRCPatha,b

Rajee Goswami, MSca

Anthony J. Frew, MD, FRCPb

John L. Smith, PhD, FRCPatha

Anthony P. Williams, PhD, MRCP, MRCPatha,b

aDepartment of Immunology

Southampton General Hospital

Tremona Road

Southampton SO16 6YD
United Kingdom

bMedical Specialties Clinical Group

Infection, Inflammation and Repair Division

School of Medicine
University of Southampton

Southampton, United Kingdom

TABLE I. International algorithm*

Primary screen

1500 3 £45 = £67,500

Secondary screen

Results

Normal (N)

C4 and

N C1-Inh

#C4 and

N/#C1-Inh
N/#C4 and

#C1-Inh

#C4
(<30%) and

#C1-Inh Total

Number 1425 37 37 1

Cost 1425 3 £25 37 3 £40 37 3 £40 1 3 40

Total £35,625 £1480 £1480 £40 £38,625

*Total for primary and secondary screen = £106,125.

N, Normal.

TABLE II. Southampton, United Kingdom, algorithm*

Primary screen

1500 3 £15 = £22,500

Secondary screen

Results

Normal

C4 and

N C1-Inh

#C4 and

N/#C1-Inh
N/#C4 and

#C1-Inh
#C4 (<30%)

and #C1-Inh Total

Number 1425 37 37 1

Cost — 37 3 £40 37 3 £40 1 3 40

Total — £1480 £1480 £40 £3000

*Total for primary and secondary screen = £25,500.
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