
anti-CMV immune function such as natural
killer cell–mediated or humoral immunity.
They have also suggested that lower expression
of inhibitorymolecules may allow for enhanced
T-cell proliferative capacity or an extended
lifespan. The link between lower expression
of inhibitory molecules such as PD-1 and
improved functionality provides a further
rationale for targeting “immune checkpoints”
in CLL. Indeed, perhaps one of the most
important aspects of this observation is that an
understanding of the mechanism underlying
this preservation of CMV-specific T-cell
function may offer novel insights into how
to repair the functionality of otherTcells inCLL.
For example, high expression of the transcription
factor T-bet has been recently demonstrated to
repress expression of PD-1 and to sustain virus-
specific CD81T-cell responses during chronic
infection, representing another potential
immunotherapeutic target.9 Thus, the
significance of thefindings of this report by teRaa
et al could extend well beyond CMV in CLL.
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28 days later: eosinophils stop viruses
-----------------------------------------------------------------------------------------------------

Paige Lacy1 1UNIVERSITY OF ALBERTA

In this issue of Blood, Percopo et al provide intriguing new evidence supporting
a role for eosinophils in protecting mice against the lethal effects of respiratory
virus infection.1

Eosinophils are enigmatic cells of the innate
immune system, and defining their role in

immunity is still under intense scrutiny. They
are produced in many vertebrates, including
fish, reptiles, amphibians, and birds, as well
as all mammalians thus far investigated,2

suggesting an important and highly conserved
evolutionary role. For many years, the immune

function of eosinophils was thought to be
associated with protection against invasive
helminthic parasite infections. However,
recent findings have suggested otherwise.
Mousemodels of eosinophil depletion have not
shown any significant impact on helminthic
infection, and paradoxically, some helminth
larval forms actually depend on eosinophils for

Two distinct models of Th2-driven inflammation resulting in eosinophilia suggest that eosinophil degranulation is

implicated in protection of the host against the lethal effects of infection with PVM.
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their propagation and survival.2 This has put
researchers back to the drawing board in trying
to define a coherent evolutionarily conserved
immunological role for these cells. Against
this backdrop, eosinophils are largely known
in the clinical realm for their contribution to
the pathology of allergic diseases and are
prominent in eosinophilic asthma, which is
responsive to treatment with anti–interleukin
(IL)-5 (mepolizumab).3

Several reports over the last 2 decades have
hinted at an antiviral role for eosinophils and
their granule proteins. Eosinophils express
highly cationic granule proteins, such as
eosinophil-derived neurotoxin (EDN), which
have potent antiviral activities in vitro against
single-strandedRNAviruses such as respiratory
syncytial virus (RSV) andHIV.4,5 Furthermore,
eosinophils have been shown to promote
respiratory virus clearance in animal models.6

However, a potential role for eosinophils in
maintaining survival and preventing significant
morbidity in response to respiratory viral
infection has not been explored before.

Here, the authors used 2 distinct Th2-
driven models of inflammation to determine
the effects of eosinophils on lethal inoculation
with a respiratory virus. The virus used in their
study was pneumonia virus of mice (PVM),
a mouse pathogen that is closely related to
human RSV. Because human RSV is not
a natural pathogen for mice, PVM can be
considered a more appropriate alternative
model of severe RSV infection in this species.
The highly eosinophilic double transgenic
eotaxin-2/IL-5 mouse strain,7 which possesses
constitutively activated and degranulating
eosinophils, showed a substantial twofold log
reduction in virus recovery 4 days after PVM
inoculation compared with the control strain.
When the eosinophil-deficient DdblGATA
strain was crossed with double transgenic
eotaxin-2/IL-5 mice, creating a phenotype
expressing high levels of eosinophil-specific
cytokines but negligible numbers of
eosinophils, virus recovery returned to baseline
levels. Thus, decreased virus recovery was
related to eosinophils alone and not the high
cytokine levels present in the double transgenic
eotaxin-2/IL-5 strain. These elegantly
conducted experiments confirm earlier studies
showing that eosinophils are important in
respiratory virus clearance.

However, what was striking was that when
survival curves were evaluated in each of
these strains following PVM infection, the

eosinophil-enriched double transgenic
eotaxin-2/IL-5 strain emerged as the only one
completely protected against the lethal effects
of PVM infection (see figure). All other strains
tested—the C57BL/6, the DdblGATA,
and the eotaxin-2/IL-5/DdblGATA
strains—succumbed to the fatal effects of virus
infection by day 12 of inoculation. This
remarkable finding suggests that eosinophils
may have a critical role in protection against
lethal respiratory virus infection beyond simply
virus clearance.

However, these findings were obtained
using transgenic mouse strains that may not
reflect the pathology of viral infection. What
are the effects of antigen-induced eosinophil
recruitment to the airways, as would occur in
eosinophilic asthma, on subsequent PVM
infection?

To address this, the authors tested the effect
of sensitization and challenge of mice with
the fungus Aspergillus fumigatus to induce
eosinophil recruitment to the airways, followed
by PVM infection. There was no evidence of
eosinophil degranulation in mice treated with
A fumigatus alone, even as large numbers of
eosinophils accumulated in the lungs. It was
only after A fumigatus–treated animals
were infected with PVM that high levels of
eosinophil granule proteins appeared in the
airways (in bronchoalveolar lavage samples).

Eosinophils isolated from animals treated
withA fumigatus and PVM showed evidence of
piecemeal degranulation, a major mechanism
for the release of granule proteins from these
cells.8 The presence of granule proteins and
evidence of piecemeal degranulation also
correlated with a 1.6 log decrease in virus
recovery compared with control mice. Finally,
and perhaps most importantly, sensitization
and challenge with A fumigatus, promoting
eosinophil recruitment and activation, led to
full protection from an otherwise lethal
inoculum of PVM.

In contrast, when animals were sensitized
and challenged with ovalbumin, there was no
evidence of eosinophil degranulation even
when the animals were subsequently infected
with PVM. Consequently, there was no
reduction in virus recovery in ovalbumin-
treated, PVM-infected animals compared with
those infected with PVM alone. The reasons
for why eosinophils in ovalbumin-treated,
PVM-infected mice did not respond in an
analogous fashion to that of the A fumigatus
model are not clear. The authors speculate that

this may be related to differential effects by
A fumigatus and ovalbumin on cytokine profiles
and that the A fumigatus extract is more
complex than ovalbumin, the latter of which is
an otherwise inert substance.

In summary, these findings signify several
key events associated with eosinophils in virus-
induced mortality using two distinct models.
First, eosinophil degranulation correlated
with virus clearance and increased survival
in PVM-infected mice. Second, piecemeal
degranulation appeared to be a prominent
mechanism by which eosinophils release their
cationic granule products in viral infection.
Third and finally, antigen sensitization and
challenge of otherwise naı̈ve mice is simply
insufficient for evoking degranulation
responses from eosinophils; degranulation
only occurred on subsequent activation of
A fumigatus–treated animals with PVM. This
would support an important antiviral and
prosurvival role for eosinophils and would
argue against the concept that eosinophil
degranulationmay be a vestigial function of this
granulocyte lineage.9

For over 2 decades, eosinophil
degranulation has been characterized in
children infected with RSV.10 If the apparently
beneficial effects of eosinophils in respiratory
virus infection prove to be similar in
humans, then caution would be urged in the
application of current therapeutic strategies
aimed at profound depletion of eosinophils,
particularly in pediatric cases of asthma and
allergy.
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Anemia: a comprehensive global estimate
-----------------------------------------------------------------------------------------------------

Sant-Rayn Pasricha1,2 1UNIVERSITY OF OXFORD; 2UNIVERSITY OF MELBOURNE

In this issue of Blood, Kassebaum et al estimate that the global anemia
prevalence in 2010 was 32.9%, resulting in 68.4 million years lived with disability
(YLD).1 The results emphasize the important contribution made by anemia to
the overall global burden of disease and should help focus attention and
resources toward this problem.

Several previous efforts have summarized
the global prevalence and impact of

anemia. In 1985, theWorldHealthOrganization
(WHO) estimated that about 30% of the world
population was anemic.2 In 1992, the WHO
estimated that 37% of all women were anemic.3

A 2008 WHO analysis reported that anemia
affected 24.8% of the world’s population,
including 42% of pregnant women, 30% of
nonpregnant women, and 47% of preschool
children.4 Most recently, global anemia
prevalence was estimated at 29% in pregnant
women, 38% in nonpregnant women, and 43%
in children, with reductions since 1995 in each
group.5 The Global Burden of Disease (GBD)
2000 report estimated that anemia accounted for
2% of all YLD and 1% of disability-adjusted
life-years6; the GBD 2004 update had similar
findings.7

Kassebaum et al have furthered these
analyses to provide detailed estimates of
the prevalence and epidemiology of anemia,
its impacts on global health (see figure), and its
key determinants, stratified by age and sex, and
compared these between 1990 and 2010. To
achieve this, the authors used data from 409
data sets from the Demographic and Health
Surveys (which are national, weighted surveys
of health status, with anemia measured by
capillary hemoglobin) andWHOdatabases that
contain data from national and subnational

epidemiologic surveys. The 17 specific causes
that contribute to anemia were then apportioned
by using data from the Global Burden of
Diseases, Injuries and Risk Factors 2010 (GBD
2010) study, with residual prevalence after
attribution assigned to other causes, including
iron deficiency anemia.

Next, the authors estimated the impact of
anemia on global health (disease burden). To
appreciate disease burden estimates, it is worth
looking under the hood at their calculation.
The first concept is the disability weight (DW),
a value representing the severity of health loss
associated with a clinical condition. Previous
DW estimations were criticized for being
determined by expert committees; thus,
for GBD 2010, DWs were developed by
opinion from the general public through
a comprehensive international study (30 230
participants) comprising household surveys in
Bangladesh, Indonesia, Peru, Tanzania, and
theUnitedStates, togetherwith an open-access
Internet survey.8 Participants were given
descriptions of 2 hypothetical patients with
particular health states and asked which
individual they considered healthier. The
Internet survey also asked respondents to
compare the value of various life-saving or
disease prevention programs. Thus, 220 health
conditions (including mild, moderate, and
severe anemia) were ranked, and DWs were

assigned (with 0 for the mildest and 1 for the
equivalent of death).Mild anemia was the third
mildest of all conditions (DW of 0.005, more
serious only than “mild impairment in distance
vision” and “treated, long-term fractures”),
whereas moderate and severe anemia had DWs
of 0.058 (similar to “moderate hearing loss with
ringing”) and 0.164 (similar to “amputation of
one leg, long term”). The DWs for mild,
moderate, and severe anemia were each higher
inGBD2010 than in the previous report (GBD
2004).8 The YLD, an estimate of the total
number of years lived in less-than-ideal health
due to a condition, is calculated by multiplying
its prevalence by its DW, and this figure
estimates the burden of each disease.9

By using this approach, the authors found
that anemia accounts for 8.8% of the world’s
YLD, but that the prevalence of anemia
worldwide has decreased from 1990 to 2010,
with most of the improvement coming from
a genuine reduction in the conditions that cause
anemia. This raises an important research
question: What combination of improvements
in proximal and distal determinants of anemia
have effected this change? Children younger
than age 5 years still have the highest
prevalence of, and the most severe, anemia and
had rising prevalence in contrast to the overall
trend and findings from other reports.5 South
Asia accounted for 37.5% of the global anemia
burden, whereas sub-Saharan Africa
contributed 23.9%. Themain causes of anemia
worldwide were attributable to 3 syndromes:
iron deficiency (iron deficiency anemia,
hookworm, and schistosomiasis),
hemoglobinopathy (sickle cell disorders and
thalassemia), and malaria. Coexistence of iron
deficiency and malaria as top causes of anemia
in sub-SaharanAfrica highlight the paradox for
anemia control in such regions, insofar as iron
supplementation might increase malaria risk.
Another important finding of this study is the
increasing contribution from chronic kidney
disease, which increased over the 2 decades of
the study and is the chief cause of anemia in the
801 age group. Readers should note that the
supplemental material for Kassebaum et al1

contains many of the key results: supplemental
Figure 9 depicts the proportion of anemia
attributable to each cause, by age, and
supplemental Table 7 is a summary of the
prevalence of anemia in each of 187 countries.

WHO10 and the US Centers for Disease
Control and Prevention define anemia in
children younger than age 5 years as hemoglobin
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