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The variability among patients in their
response to therapy of chronic HCV in-
fection has remained largely unexplained.
The IDEAL study randomized 3070 treat-
ment-naive patients with chronic infection
due to HCV genotype 1 to receive either
interferon-alfa-2a or interferon-alfa-2b at
1 of 2 doses, with all subjects also receiving
ribavirin [1]. There was no significant dif-
ference between the treatment groups in
the incidence of sustained virological re-
sponse, which ranged from 38.0% to
40.9%. Consistent with previous findings,
however, the odds ratio for sustained vi-
rological response in white persons versus
African American persons was 3.039 (P
! .001). The reason for the significantly
impaired therapeutic response of individ-
uals of African ancestry relative to those
of European ancestry has been unknown,
but the IDEAL study provided an oppor-
tunity for Ge and colleagues to perform a
genome-wide association study on 11000
subjects from that study, as well as an ad-

ditional 67 subjects from another pro-
spective treatment trial. They detected a
polymorphism on chromosome 19q13
that is 3 kb upstream of the IL28B gene
that was associated with a 2-fold difference
in treatment response in both those of Eu-
ropean ancestry and those of African-
American ancestry. The favorable poly-
morphism (C/C) is more prevalent among
those of European ancestry than among
African Americans, and it was estimated
that this polymorphism accounts for ap-
proximately one-half of the difference in
response rates between the 2 populations.

Two other groups of investigators also
applied genome-wide association in ex-
amining this issue in different patient co-
horts—patients of European origin in the
study by Suppiah and colleagues and Jap-
anese patients in the study by Tanaka and
colleagues. Both groups also identified
polymorphisms in proximity to the IL28B
gene as predictors of response to treatment
of chronic HCV infection. Although the
polmorphisms identified by both the
study by Tanaka and colleagues and the
study by Suppiah and colleagues differed
from those found by Ge and colleagues,
both were in physical proximity up-
stream of the IL28B gene, and the 2 dis-
tinct polymorphisms are in linkage dis-
equilibrium, especially in European
populations.

In addition to differences in treatment
response, there are also significant dif-
ferences in spontaneous clearance of
HCV infection among different popula-
tion groups. It turns out that polymor-
phisms adjacent to the IL28B gene not
only play a role in determining the re-
sponse to therapy of chronic HCV in-
fection, they also play a role in immune
clearance of the infection. Overall, ∼30%
of individuals spontaneously clear HCV
infection, but there is significant vari-
ability depending on ethnic background,
with such clearance occurring in ∼36%
of individuals of non-African ancestry
but in only 9% of those with an African

genetic background. The C/C genotype is
present in 30%–50% of sub-Saharan Af-
ricans and in ∼90% of Chinese and Jap-
anese persons, with an intermediate fig-
ure for Americans of European ancestry.
Thomas and colleagues have now dem-
onstrated that genetic variation in the
IL28N gene is an important factor in pre-
dicting clearance of HCV and accounts
for a significant portion of the variability
in clearance among groups.

Interferon-l-3 (L28B) is a type III in-
terferon. The type III interferons (inter-
feron l-1, interferon l-2, and interferon
l-3) are encoded by IL29, IL28A, and
IL28B, respectively. Although interferon-l
binds to a receptor distinct from that of
interferon-a, a type I interferon, their ef-
fects each flow through the same JAK-
STAT activation pathway. Interferon-l has
activity against HCV (and human im-
munodeficiency virus) in vitro.

Thus, there is clear evidence indicating
that genetic variation in the gene encoding
interferon-l-3 is highly predictive of both
spontaneous and therapy-induced clear-
ance of HCV infection. This may prove
of great value in making decisions regard-
ing the institution and continuation of ex-
isting therapies and may also provide a
new therapeutic agent. One potential ben-
efit of therapy with interferon-l may be
reduced toxicity, because in contrast to in-
terferon-a, hematopoietic cells lack recep-
tors for interferon-l, suggesting that ther-
apeutic administration of the latter may
be associated with less related toxicity. In
a Phase 1b study of patients with relapsed
chronic HCV genotype 1 infection, in a
small number of patients, pegylated in-
terferon-l-1A (PEG-IFN-l and PEG-rIL-
29) demonstrated potent antiviral effect,
with undetectable plasma HCV RNA
achieved by 3 of 6 patients in one dosing
group [2].
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Extreme Leukocytosis
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There is an enormous literature to as-
sist clinicians in the evaluation of patients
with fever. There is much less informa-
tion available to guide us in dealing with
afebrile patients with leukocytosis, espe-
cially when infection is not obviously pres-
ent—a condition that could be called “leu-
kocytosis of unknown origin” (LUO). A
subset of cases leukocytosis, including
those in the differential diagnosis of LUO,
are termed “leukemoid reactions,” which
are variably defined as white blood cell
(WBC) counts of 130,000 cells/mm3 to
150,000 cellls/mm3. Another category, ex-
treme leukocytosis, is defined by some as
a WBC count 1100,000 cells/mm3.

Granger and Kontoyiannis identified
3770 patients with a WBC count 140,000
cells/mm3 over a 3-year period; 758 pa-
tients (20%) had solid tumors. The ex-
treme leukocytosis was associated with ad-
ministration of hematopoietic growth
factors in 522 patients (69%); the cause

was infection in 112 patients (15%), para-
neoplastic leukemoid reaction in 77 pa-
tients (10%), “high-dose” corticosteroid
and/or vasopressor therapy in 38 patients
(5%), and newly diagnosed leukemia in 9
patients (1%). Most of the infections do
not appear to have been occult, with 49%
of patients having pneumonia, 27% hav-
ing bacteremia, 16% having urinary tract
infection, 13% having peritonitis, 12%
having wound abscess, 1% each having
meningitis and colitis, and 24% having
multiple sources of infection. Only 3 pa-
tients, amounting to 3% of those with a
diagnosis of infection, had “sepsis, without
diagnostic culture or radiograph.” The
single case of colitis was diagnosed on the
basis of clinical and radiography data,
without a specific etiology defined.

Most of the 77 patients with paraneo-
plastic leukemoid reaction were judged to
have a heavy tumor burden, and 60 (78%)
had evidence of multiple metastases, with
primary tumors involving a wide variety
of sources. Their mean WBC count was
53,000 cells/mm3 (range, 40,600–115,000
cells/mm3), most with neutrophil pre-
dominance. Two-thirds of patients with
available information had a recorded
WBC count of 20,000–40,000 cells/mm3

in the previous month. Fever was absent
in 75 of 76 patients at the time of presen-
tation. Three-fourths died �12 weeks af-
ter presentation. Only 8 (10%) patients
survived 1 12 months; all had resolution
of leukocytosis after receiving chemother-
apy or surgery for their malignancy.

In some patients with persistent marked

leukocytosis, it becomes important to dif-
ferentiate a leukemoid reaction from pri-
mary hematopoietic disorders, including
chromic myelogenous leukemia, myelo-
dysplasia, and the very rare chronic neu-
trophilic leukemia. This may require mor-
phological, cytogenetic, and molecular
analyses of peripheral blood and bone
marrow specimens; clonality analysis and
immunophenotyping; measurement of
leukocyte alkaline phosphatase and vita-
min B12 levels; and, in some cases, mea-
surement of serum granulocyte colony-
stimulating factor levels [1].

Noninfectious etiologies, in addition to
those identified in this report, include tis-
sue necrosis, severe hemorrhage or hemo-
lysis, acute alcoholic hepatitis, and lith-
ium administration. Additional infec-
tious causes include disseminated tuber-
culosis with bone marrow involvement
and severe shigellosis. The absence of
Clostridium difficile–associated diarrhea
in this series is most surprising, given the
high incidence of the disease and the fre-
quency with which it is associated with
marked leukocytosis. Thus, in one series,
20 (6.0%) of 334 patients had a periph-
eral WBC count 135,000 cells/mm3 [2].
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