
101. van der Woude FJ, Rasmussen N, Lobatto S, et al. Autoantibodies against
neutrophils and monocytes: tool for diagnosis and marker of disease activity in
Wegener’s granulomatosis. Lancet 1985;1:425–9.

102. Colby TV, Specks U. Wegener’s granulomatosis in the 1990s: a pulmonary
pathologist’s perspective. Monogr Pathol 1993;36:195–218.

103. Katzenstein AL, Locke WK. Solitary lung lesions in Wegener’s granulomatosis.
Pathologic findings and clinical significance in 25 cases. Am J Surg Pathol
1995;19:545–52.

104. Mark EJ, Matsubara O, Tan-Liu NS, et al. The pulmonary biopsy in the early
diagnosis of Wegener’s (pathergic) granulomatosis: a study based on 35 open lung
biopsies. Hum Pathol 1988;19:1065–71.

105. Mark EJ, Flieder DB, Matsubara O. Treated Wegener’s granulomatosis: distinctive
pathological findings in the lungs of 20 patients and what they tell us about the
natural history of the disease. Hum Pathol 1997;28:450–8.

106. Travis WD, Hoffman GS, Leavitt RY, et al. Surgical pathology of the lung in
Wegener’s granulomatosis. Review of 87 open lung biopsies from 67 patients.
Am J Surg Pathol 1991;15:315–33.

107. Yoshikawa Y, Watanabe T. Pulmonary lesions in Wegener’s
granulomatosis: a clinicopathologic study of 22 autopsy cases. Hum Pathol
1986;17:401–10.

108. Fienberg R. The protracted superficial phenomenon in pathergic (Wegener’s)
granulomatosis. Hum Pathol 1981;12:458–67.

109. Yousem SA, Lombard CM. The eosinophilic variant of Wegener’s granulomatosis.
Hum Pathol 1988;19:682–8.

110. Potter MB, Fincher RK, Finger DR. Eosinophilia in Wegener’s granulomatosis. Chest
1999;116:1480–3.

111. Krupsky M, Landau Z, Lifschitz-Mercer B, et al. Wegener’s granulomatosis with
peripheral eosinophilia. Atypical variant of a classic disease. Chest 1993;104:1290–2.

112. Amin R. Endobronchial involvement in Wegener’s granulomatosis. Postgrad Med J
1983;59:452–4.

113. Yousem SA. Bronchocentric injury in Wegener’s granulomatosis: a report of five
cases. Hum Pathol 1991;22:535–40.

114. Mark EJ, Ramirez JF. Pulmonary capillaritis and hemorrhage in patients with
systemic vasculitis. Arch Pathol Lab Med 1985;109:413–8.

115. Misset B, Glotz D, Escudier B, et al. Wegener’s granulomatosis presenting as
diffuse pulmonary hemorrhage. Intensive Care Med 1991;17:118–20.

116. Myers JL, Katzenstein AL. Wegener’s granulomatosis presenting with massive
pulmonary hemorrhage and capillaritis. Am J Surg Pathol 1987;11:895–8.

117. Uner AH, Rozum-Slota B, Katzenstein AL. Bronchiolitis obliterans-organizing
pneumonia (BOOP)-like variant of Wegener’s granulomatosis. A clinicopathologic
study of 16 cases. Am J Surg Pathol 1996;20:794–801.

118. Churg A. Pulmonary angiitis and granulomatosis revisited. Hum Pathol
1983;14:868–83.

119. Churg A. Recent advances in the diagnosis of Churg-Strauss syndrome. Mod Pathol
2001;14:1284–93.

120. Katzenstein AL. Diagnostic features and differential diagnosis of Churg-Strauss
syndrome in the lung. A review. Am J Clin Pathol 2000;114:767–72.

121. Zander D. Allergic bronchopulmonary aspergillosis: an overview. Arch Pathol Lab
Med 2005;129:924–8.

122. Myers J, Kurtin P, Katzenstein A, et al. Lymphomatoid granulomatosis. Evidence of
immunophenotypic diversity and relationship to Epstein-Barr virus infection.
Am J Surg Pathol 1995;19:1300–12.

A potential method for development of a bird flu vaccine

The mechanisms by which animal strains of the influenza virus adapt themselves to invade
human hosts are not fully understood, leading to difficulty in effective immunisation and
treatment. Attempts are now being made to use structurally modified mutants to develop
vaccines and therapeutic antibodies to pre-empt the emergence of human-adapted H5N1 strains
of the avian influenza virus.

The viral haemagglutinin (HA), which is defined as the receptor binding domain (RBD) of its
spike, binds to specific sialic acid (SA) receptors in the respiratory epithelium. Avian virus
particles which adapt to humans preferentially bind to a2,6-SA receptors rather than a2,3-SA
receptors.

The authors created mutants with this altered recognition (pseudoviruses) by causing
structural changes in amino acid sequences. Their infectivity was confirmed by inoculation into
293A renal epithelial cells. The SA specificity of the different HA mutants was then analysed by a
modified glycan microarray method and a resialylated HA assay was used to confirm the SA
recognition in the mutants. Immunogenic and antigenic differences were further identified by
vaccination of mice and generation of monoclonal antibodies (mAbs).

They identified mutations in the avian H5 haemagglutinin that alter its SA specificity.
Moreover, they induced mAbs which can more effectively inhibit these mutants. Whether this
can lead to the development of a viable vaccine and mAbs for use in clinical practice remains
uncertain. However, this attempt is unique in its novelty of approach and may have implications
for further research which targets hitherto unexplored viral components.

c Zhi-Yong Yang, Chih-Jen Wei, Wing-Pui Kong, et al. Immunization by avian H5 influenza hemagglutinin mutants with altered receptor
binding specificity. Science 2007;317:825–8
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