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Human flu: Would a vaccine be a solution?

Ghedin E, Sengamalay NA, Shumway M, Zaborsky J, Feldblyum
T, Subbu V, Spiro DJ, Sitz J, Koo H, Bolotov P, Dernovoy D,
Tatusova T, Bao Y, St George K, Taylor J, Lipman DJ, Fraser CM,
Taubenberger JK, Salzberg SL. (The Institute for Genomic Re-
search, Rockville, Maryland; National Center for Biotechnology
Information, National Library of Medicine, National Institutes of
Health, Bethesda, Maryland; Wadsworth Center, New York State
Department of Health, Albany, New York; Department of Mo-
lecular Pathology, Armed Forces Institute of Pathology, Rockville,
Maryland; Center for Bioinformatics and Computational Biology,
University of Maryland Institute for Advanced Computer Studies,
College Park, Maryland, USA.) Large-scale sequencing of human
influenza reveals the dynamic nature of viral genome evolution.
Nature 2005;437:1162–6.

SUMMARY
This study has characterized 209 complete genomes of the human
influenza A virus and found extensive genetic diversity even within
a geographically constrained region. Different novel mutations were
observed, which demonstrates the dynamic nature and evolution of
new strains.

In all, 207 H3N2 and 2 H1N2 isolates of influenza A virus
collected across several seasons within a constrained geographical
area were subjected to sequencing using a new protocol. The
sequencing covered the complete genome of the virus with an
average of 13 498 bases per isolate. All the study specimens were
received by the Virus Reference and Surveillance Laboratory at New
York as part of outbreak investigations since the year 2001. The viral
culture was set up using primary Rhesus monkey kidney (pRhmK)
cells. The viral RNA was extracted and RT-PCR was performed
using a one-step RT-PCR Qiagen kit. Overlapping primers were
designed approximately every 200–250 nucleotides. To capture the
extreme ends of each segment of viral genome, an RNA circulariza-
tion step was used before the RT-PCR. Eight pairs of primers were
designed to span the ligated ends of each segment to capture the end
sequences. Sequencing was performed on a standard high-through-
put sequencing system using big-dye terminator chemistry (ABI
3730). Each amplicon was sequenced from each end using M13
primers. The average Phred quality value was 33 with an error rate
of 3.2×10–19; the erroneous bases were corrected by the AutoEditor
program software.

Multiple, novel mutations were observed including point muta-
tions, deletions and segment exchanges and, importantly, the muta-
tions were also detected in the segments other than haemagglutinin
(HA) and neuraminidase (NA). Interestingly, epidemiologically
significant genetic reassortment was detected in a strain (Fujian/
411/2002-like strain), which appeared during the season 2003–04
and for which the existing vaccine had limited effectiveness. While
most of the strains were reassortants in the HA segment, there were
two strains of minor clade, A/NewYork/269/2003 (H3N2) and A/
NewYork/32/2003 (H3N2), which continued to circulate during the
season 2003–04 without any changes in the HA segment, whereas all
the other segments showed numerous differences. In total, 186
positions had an amino acid change in 207 isolates of H2N2 virus

during the period November 1999–February 2002. Moreover, there
were some important mutations that might have affected the recep-
tor-binding affinity and potentially increased viral replication.

COMMENT
Humans can be infected with influenza types A, B and C viruses.
Subtypes of influenza A that are currently circulating among
people worldwide include the H1N1, H1N2 and H3N2 viruses.
Influenza A virus is well known for its capability for genetic
changes either through antigen drift or antigen shift. Antigen shift
is derived from reassortment of gene segments between viruses,
and may result in an antigenically novel virus that is capable of
causing a worldwide pandemic.1 The human influenza A virus
continues to be a major cause of morbidity and mortality. In the
twentieth century alone, there were three overwhelming pandemics
(in 1918, 1957 and 1968), caused by H1N1 (Spanish flu), H2N2
(Asian flu) and H3N2 (Hong Kong flu), respectively. In 1957 and
1968, excess mortality was noted in infants, the elderly and
persons with chronic diseases, similar to what occurred during the
interpandemic periods. The 1918 influenza pandemic’s most
striking feature was the unusually high death rate among healthy
adults aged between 15 and 34 years, which consequently lowered
the average life expectancy in the USA by more than 10 years.2

Leukopenia and haemorrhage were prominent clinical features.
Acute pulmonary oedema and haemorrhagic pneumonia contrib-
uted to a rapidly lethal outcome in young adults. Autopsies
disclosed multiple organ involvement, including pericarditis,
myocarditis, hepatitis and splenomegaly. These findings are, in
part, consistent with the clinical manifestations of human infec-
tion with avian influenza A H5N1 virus, in which reactive haemo-
phagocytic syndrome was a characteristic pathological finding
that accounted for pancytopenia, abnormal liver function and
multiple organ failure.3

The virus mutates from year to year, making the existing
vaccines ineffective on a regular basis, and requiring that new
strains be chosen for a new vaccine. The study by Lu et al.4 has
shown antigenic mismatch between the vaccine strain and the
circulating viruses. Moreover, some of the mutations play a major
role in the pathogenicity of the virus—the mutations at 183, 186
and 226 in the HA segment could affect receptor-binding affinity5

and the positions 131, 222, 225 and 226 are important for efficient
replication of the virus.4 A recent study with the 1918 Spanish flu
viruses has shown extraordinary virulence factors with these
viruses such as the ability to replicate in the absence of trypsin.
They caused death in mice and embryonated chicken eggs and
displayed a high growth phenotype in human bronchial epithelial
cells in contrast to contemporary human influenza H1N1 viruses.6

The study by Ghedin et al.7 has shown the significance and
advantage of a sequenced-based approach over the traditional
serological-based technique, although the sequencing operations
of the complete genome of RNA viruses are technically very
difficult.

India has experienced several outbreaks of influenza all these
years and isolated the virulent strains.8–10 The most prevalent
strain was H3N2, followed by H1N1.11–14 Four Asian nations
confirmed the presence of the deadly H5N1 strain of avian flu.
However, the recent appearance of the deadly H5N1 bird flu strain
in Maharashtra and extending to Gujarat and Madhya Pradesh is
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alarming. This avian flu has killed several thousands of chickens
and has led to several thousands of chickens being culled, al-
though there was no reported human case. The recent avian flu has
resulted in heavy losses to the poultry industry in many states of
India. Although the vaccines will be beneficial to some extent, the
very high rate of mutations in the strains renders the vaccine
useless very rapidly. Hence, constant monitoring of changes in the
circulating viruses is important for maintaining the efficacy of
influenza vaccines in combating disease.
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