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Dr. Jenson is on the speaker’s bureau for Merck.

Synopsis: Neonatal herpes simplex virus (HSV) infection remains
a rare and serious disease. It is also treatable with early initiation
of acyclovir. The incidence of neonatal HSV infection overlaps that
of bacterial meningitis. Both entities must always be considered in

the evaluation of symptomatic neonates.

Source: Caviness AC, et al. The prevalence of neonatal herpes simplex

virus infection compared with serious bacterial illness in hospitalized

neonates. J Pediatr. 2008;153:164-169.

Aretrospective study of all 5,817 neonates (≤ 28 days of
age) admitted from the Emergency Department to Texas

Children’s Hospital from 2001 through 2005 found that 8.6% (95%
CI, 7.9-9.3%) had documented viral infections (8.4% non-HSV
and 0.2% HSV), and 4.6% (95% CI, 4.1-5.2%) had documented
serious bacterial infections. The most common viruses identified
were respiratory syncytial virus (47%), rhinoviruses (16%), and
enteroviruses (13%), with only 10 cases (2%) caused by HSV. All
three forms of neonatal HSV disease were observed: three had dis-
seminated disease, three had central nervous system disease, and
four had skin, eye, and mouth disease. There were 21 cases of bac-
terial meningitis, most commonly caused by group B streptococcus
(57%) and Escherichia coli (14%).

Neonates in the second week of life had the highest incidence of
HSV infections (0.6%), with a higher prevalence among hypothermic
neonates (1.1%) than among febrile neonates (0.3%), although this
was not statistically significant. The prevalence of all HSV infections
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(0.2%) was two times lower than bacterial meningitis
(0.4%), although confidence intervals of point estimates
overlapped.

Of the 204 neonates with fever and pleocytosis, 1%
(95% CI, 0.1-3.5%) had HSV meningitis and 5.4% (95%
CI, 2.7-9.4%) had bacterial meningitis. Febrile neonates
with polymorphonuclear cell pleocytosis had a statistical-
ly higher prevalence of bacterial meningitis (14.9%) than
HSV infection (0.0%), and febrile neonates with
mononuclear cell pleocytosis had a significantly higher
prevalence of HSV infection (1.6%) than bacterial
meningitis (0.8%).

Of the 10 neonates with HSV infection, five were
euthermic, three were febrile, and two were hypother-
mic. Of the three neonates with confirmed HSV infec-
tion that presented with fever, one was well appearing,
one was lethargic, and one had a vesicular rash on the
eyelid. Also, six of the 10 neonates with HSV infection
had a vesicular rash: five (one with central nervous sys-
tem disease and four with skin, eye, and mouth disease)
had vesicular lesions on the scalp (3), eyelid (1), or gen-
eralized lesions (1); and one (with fever and CNS dis-
ease) had vesicular lesions in the genital area after
admission to the hospital.

■■ COMMENTARY
Bacteremia and bacterial meningitis are the major

concerns when evaluating febrile neonates. Neonatal
HSV infection is a rare but important cause of neonatal

disease. It is important because of its severity and
because it is a treatable viral infection. There are three
forms of neonatal HSV infection that are often dis-
cussed: 1) disseminated disease, involving the central
nervous system, liver, and lungs; 2) central nervous sys-
tem disease only; and 3) skin, eye, and mouth disease.
There should be caution in using these discrete cate-
gories, as there is evidence of other involvement that is
inapparent at the time of treatment: cases of HSV neuro-
logical involvement and sequelae have been documented
following appropriate management for skin, eye, and
mouth disease.

This study of 5,827 hospitalized neonates found that
the incidence of HSV infection (0.2%; 95% CI, 0.1-0.3%)
was not statistically different from bacterial meningitis
(0.4%; 95% CI, 0.2-0.6%) but lower than all serious bac-
terial infections (4.6%). These results underscore that ver-
tically transmitted HSV must be considered in all
neonates who present with fever or hypothermia, or with
suggestive symptoms, even in the absence of fever. This is
especially true for neonates presenting with symptoms
during 7-21 days of life, when most cases of neonatal
HSV infection present.

These results also underscore the insensitivity of
fever to identify serious infections in neonates; five of
the 10 neonates with HSV infection were euthermic.
Other suggestive symptoms of HSV infection include
constitutional symptoms (eg, lethargy), rash (especially
any vesicular rash), seizures, or respiratory distress or
elevated hepatic enzymes, which may be evidence of
disseminated HSV infection. Focality of seizures is not
specific for HSV meningitis in neonates because, in this
age group, focal seizures usually progress rapidly to
generalized seizures.

To confirm HSV as the etiology, PCR of the CSF for
HSV DNA is the most sensitive test for central nervous
system involvement, and cultures of vesicular lesions are
the most useful test if such lesions are present.
Disseminated disease is suggested by respiratory distress
or elevated hepatic enzymes. The addition of acyclovir to
antibiotics for treatment of neonates with fever or lethar-
gy should always be considered, and acyclovir should be
administered if the presentation and initial laboratory
findings suggest possible HSV infection, pending PCR
results of the CSF, and cultures of the conjunctiva and
any vesicular rash, if present. If the neonate is clinically
unstable and unable to tolerate a lumbar puncture, appro-
priate antibiotics for bacterial meningitis and acyclovir
for HSV meningitis is usually begun pending subsequent
re-evaluation.   ■
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A Pathogen to Consider
More Broadly in Patients
with Pneumonia: Legionella
A B S T R A C T  &  C O M M E N T A R Y

By Brian G. Blackburn, MD
Clinical Assistant Professor of Medicine, Division of
Infectious Diseases and Geographic Medicine, Stanford
University School of Medicine
Dr. Blackburn reports no financial relationships relevant to this field of study.

Source: Neil K, Berkelman R. Increasing incidence of
legionellosis in the United States, 1990-2005: changing epi-
demiologic trends. Clin Infect Dis. 2008;47:591-599.

Synopsis: The incidence of legionellosis in the United
States increased significantly in 2003-2005 compared
to previous years. This was due mostly to an upsurge of
cases in the northeastern and southern United States
and a shift of disease from elderly to middle-aged
adults. Legionellosis should be considered as a poten-
tial cause of pneumonia in a broad range of patients,
rather than a small subset with specific risk factors. 

Legionella spp. are gram-negative bacteria found
primarily in freshwater environments; they cause dis-

ease (including outbreaks) often linked to man-made
water systems.1 They primarily cause two clinical syn-
dromes: a self-limited, influenza-like illness known as
Pontiac fever, and a form of serious bacterial pneumonia.
Traditionally accepted risk factors for legionellosis
include older age, alcohol use, smoking, diabetes, chron-
ic lung disease, renal failure, and immunosuppression.1

An increase in the incidence of legionellosis has been
noted in the United States since 2003. To investigate this
recent increase, the authors analyzed legionellosis cases
reported to the CDC from 1990-2005. These data were
obtained through the voluntary National Notifiable
Diseases Surveillance System. Both confirmed and
probable cases were included from 1990-2003, but only
included confirmed cases from 2004-2005.

In 2003, the number of reported legionellosis cases in
the United States increased by 70%, compared to 2002
(from 1,310 cases to 2,223). This increase was sustained
through 2005 (the last year for which complete data were
available), with > 2,000 annual cases reported in 2005.
During 1990-2002, the mean annual legionellosis case
count was ~ 1,270, whereas for 2003-2005, the yearly
mean was ~ 2,200 cases, a significant increase. The popu-

lation-based US incidence rate of legionellosis increased
65%, from 0.45 cases per 100,000 in 2002 to 0.75 in 2003.

Although the 65- to 74-year-old age group had the
highest mean number of reported annual cases from
1990-1999, the 55- to 64-year-old age group had the
highest mean annual case count from 2000-2005, fol-
lowed by the 45- to 54-year-old age group; males com-
prised 61% of the case-patients in the more recent years.

Overall, the Northeast region reported the largest per-
centage of cases (31.5%), followed by the Midwest
(30.6%), the South (26.7%), and the West (11.2%). The
increase in legionellosis cases after 2002 was mainly
attributable to an increase in states east of the
Mississippi River. The Northeast and Southern regions
showed the greatest increase (104% in the Northeast and
113% in the South); there was little increase in the
Midwest and almost none in the West. Regional popula-
tion-based incidence rates revealed similar findings.
Overall, legionellosis cases were most frequently report-
ed in the fall and summer, although in the West there was
little monthly variation.

■■ COMMENTARY:
These data support the hypothesis that the incidence of

legionellosis in the United States increased significantly
beginning in 2003, and that this increase has been sus-
tained since that time. Other data suggest that this trend
has continued through at least 2006.2 The data presented
in this study suggest the increase in legionellosis has been
driven, in part, by a change in the epidemiology of this
disease. Although legionellosis was previously regarded
as occurring most commonly in the elderly or debilitated,
the trend since 2000 indicates that younger, otherwise
healthy persons now comprise the majority of the cases.
Middle-aged men are now the most commonly diagnosed
patients with legionellosis. Data from Europe similarly
suggest the need to consider legionellosis as a cause of
community-acquired pneumonia in all hosts.3

Intriguing geographic data from this study suggest
that Legionella spp. thrive particularly well in the
Northeastern and Southern United States. Not only are
incidence rates highest in these regions, but the increase
in the post-2002 period was driven largely by higher
rates there. Previous work has suggested that increasing
Legionella incidence may be related to higher average
monthly rainfall.4 However, in some areas, Legionella
incidence subsequently continued to increase despite
decreased rainfall, or even drought, calling into question
the relationship between monthly rainfall totals and
Legionella incidence. Other data suggest the relationship
between climate and legionellosis may be more com-
plex, as a study in Philadelphia identified an overall
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association between Legionella incidence and increased
temperature (with most cases occurring in summer), but
most notably, increased case clustering occurred 6-10
days after heavy rainfalls and with increased humidity.5

Although further study is needed, it seems possible that
the increase in legionellosis is related, in part, to climactic
changes that we are only beginning to understand.

Although the data in this report are subject to the
inherent biases of a passive reporting system, there did
not appear to be ascertainment bias from year-to-year,
nor from region-to-region, to explain the findings.
Overall, these data provide provocative insights into
the regional and demographic trends surrounding the
recent increase in reported Legionella cases, and sug-
gest the need to consider this pathogen in all patients
with pneumonia.   ■

References:
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Autoimmunity in Children
Associated with Chronic
Minocycline Treatment
A B S T R A C T  &  C O M M E N T A R Y

By Hal B. Jenson, MD, FAAP

Synopsis: Chronic minocycline treatment for acne can
result in autoimmune phenomenon with constitutional
symptoms, polyarthralgia and polyarthritis, and rash.
Although symptoms usually resolve with cessation of
minocycline, sometimes requiring non-steroidal anti-
inflammatory drugs, approximately one-quarter of
children develop chronic autoimmune disease.

Source: El-Hallak M, et al. Chronic minocycline-induced
autoimmunity in children. J Pediatr. 2008;153:314-319.

Of 583 children < 18 years of age tested for
anti-neutrophil cytoplasmic antibody (ANCA) at

Boston Children’s Hospital from 1996 to 2006, 27
children had a history of minocycline administration,
with clinical and laboratory findings of autoimmunity.
Of these 27 children, 19 were female (70%). All patients
had minocycline prescribed for treatment of acne, with a
mean duration of 13 months.

Clinical manifestations included fever, weight loss,
and malaise in all 27 (100%), polyarthralgia in 22
(81%), and frank polyarthritis in 17 (62%). The small
joints of the hands were most commonly affected (82%),
followed by the wrists (64%), ankles (35%), feet (35%),
and shoulders (10%). Rash, including livedo reticularis,
was present in 8 (30%), Raynaud’s phenomenon in 6
(22%), and morning stiffness in 14 (51%).

Leukopenia was present in 7 (26%), and serum
transaminases (AST, ALT) were mildly-to-moderately
elevated in 11 (41%). The erythrocyte sedimentation rate
was increased in 12 of 24 patients (50%), and the C-reac-
tive protein was increased in 14 of 25 patients (56%). The
anti-nuclear antibody (ANA) test was positive in 20 of 27
(74%), with titers from 1:40 to 1:2560. Specific autoanti-
bodies, including anti-dsDNA, Sm, and RNP, were nega-
tive in all patients except one, and antihistone antibodies
were negative in all six children tested. The ANCA was
positive in 18 (67%), with perinuclear fluorescent stain-
ing and a positive anti-myeloperoxidase (anti-MPO)
specificity in 11, and a nuclear staining pattern (atypical
ANCA) and negative anti-MPO in seven.

The clinical outcome was highly variable after cessa-
tion of minocycline: in 14 children (52%), the symptoms
resolved upon cessation, or required only a short course
of non-steroidal anti-inflammatory drugs (NSAIDs); six
(22%) had eventual resolution within one year, requiring
treatment with either NSAIDs or corticosteroids; and
seven (26%) had chronic autoimmune disease, primarily
manifesting as persistent arthritis, with a mean follow-up
of 31.2 ± 13.5 (range, 13-48) months after onset. These
patients required long-term treatment that included cor-
ticosteroids, methotrexate, and anti-tumor necrosis fac-
tor alpha agents. There was no correlation of the clinical
course with the cumulative dose or duration of minocy-
cline administration.

■■ COMMENTARY
The principal adverse events associated with minocy-

cline include gastrointestinal intolerance, vertigo, and
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various rashes. There is much overlap of minocycline-
induced autoimmunity with the less common adverse
events of minocycline, including hypersensitivity reactions
(eg, serum sickness, hypersensitivity pneumonitis, peri-
carditis), pseudotumor cerebri, autoimmune hepatitis,
drug-induced lupus, arthritis, and vasculitis. The pathogen-
esis of minocycline-induced autoimmunity is unknown.
Unlike other drugs that cause drug-induced lupus with
equal distribution between males and females, 70% of
these cases of minocycline-induced autoimmunity were
females.

This report suggests that minocycline-induced autoim-
munity is a rare condition; during this 10-year period, it
was diagnosed in only 0.05% of all children referred to
this clinic. It is possible that the incidence is greater,
given the usual resolution in most children with cessation
of minocycline and the widespread use of chronic
minocycline for treatment of acne. Minocycline is one of
the most prescribed treatments for acne, with more than
15 million pediatric patients taking minocycline each
year. Physicians should be aware of this association and
consider this in children taking minocycline with consti-
tutional or musculoskeletal symptoms.   ■

When is the Best Time to
Obtain Blood Cultures from
My Potentially Septic Patient?
A B S T R A C T  &  C O M M E N T A R Y

Ellen Jo Baron, PhD, D(ABBM)
Professor of Pathology and Medicine, Stanford University
Medical School Director; Clinical Microbiology Laboratory,
Stanford University Medical Center
Dr. Baron reports no financial relationships relevant to this field of study.

Many physicians have followed the historical
practice of ordering blood cultures to be drawn as

close as possible to the time of the peak of the febrile
episode (fever spike). In the absence of prescient knowl-
edge of this moment, physicians order blood cultures to be
drawn at intervals ranging from 30 minutes to 2 hours. A
paper by Jaimes et al suggested that many factors, other
than fever, such as shaking chills, WBC counts, hypoten-
sion, and more were needed to better predict whether a
patient was experiencing bacteremia.3

For many years, the only data comparing the yield of
blood cultures in relationship to the patient’s fever was
from a study that was presented as an abstract but never

officially published. Dr. Richard Thomson performed the
study when he was a new microbiology laboratory director
in Akron, Ohio, soon after leaving his post-doctoral fellow-
ship at the Mayo Clinic.6 The results were presented in the
abstracts of the 1989 American Society for Microbiology
Annual Meeting and included in an American Society for
Clinical Pathology Check Sample exercise distributed in
1991.6 Only a few contemporary microbiologists ever even
had a copy of the report. Thomson et al looked at numbers
of clinically relevant positive blood cultures obtained dur-
ing four different time periods relative to a patient’s fever
spike.

Although there was a trend toward more true positive
blood cultures being obtained in the period directly
before the fever spike, there were no statistically signifi-
cant differences among the four time periods.

These data served as the basis for most microbiolo-
gists’ recommendation to obtain all of the blood cultures
as soon as a patient becomes febrile, without any time
period between draws. A 1994 publication by Li et al
basically corroborated the Thomson results.4 The 1994
study showed that the yield of clinically significant blood
cultures performed during a 24-hour period did not vary
whether the blood was obtained all at once or over a peri-
od of several time intervals. Without stronger data, physi-
cians have continued to pursue their idiosyncratic blood
culture ordering practices. By asking phlebotomists to
obtain blood cultures at intervals spanning several hours,
unnecessary additional time is spent in the process and
the overall cost and inefficiency of procuring blood cul-
tures is increased. And if antibiotic therapy is withheld
while blood cultures are being obtained, patient care also
suffers.

Dr. Gary Doern set out to perform the definitive study
to answer the question without nuance. He enlisted the aid
of six additional medical centers in addition to his own,
University of Iowa. Workers collaborating from Geisinger
Medical Center (Danville, PA), VA Boston Healthcare
System, Johns Hopkins University School of Medicine,
Barnes-Jewish Hospital Washington University School of
Medicine (St. Louis), University of Texas Health Science
Center in San Antonio, TX, and the VA Medical Center
(Portland) enrolled 1,436 adult patients with clinically sig-
nificant episodes of bacteremia and fungemia during
2006.5 For each patient enrolled, the workers noted the
time at which the highest temperatures were recorded in
both the 24 hours preceding and those following the time
that the first positive blood culture was obtained, as well
as the temperature of the patient recorded closest to the
time of that blood culture. Clinical relevance was deter-
mined by criteria in place at each medical center. The
patients were two-thirds male, average age 59 years, and

Infectious Disease Alert 17



their blood cultures grew a variety of microorganisms,
including 54% gram-positive bacteria such as staphylo-
cocci (38%, 42% of which were coagulase negative) and
Enterococcus (10%); 38% gram-negative bacteria such as
Enterobacteriaceae (> 23%) and Pseudomonas aerugi-
nosa (4%); 3% anaerobic bacteria; and 5% yeast.

The highest recorded fevers, determined as the one of
the three temperatures that was 0.5° C higher than the
other two, occurred during the time of the blood culture
draw in 44% of episodes. It was noted that 10%-31% of
maximum fevers occurred before or after the blood draw
in the remaining patients. In general, none of the results
were statistically significantly different from each other.
In addition, no significant associations were found
between temperatures of patients and their genders,
white blood counts, or even when organism types were
evaluated. Unfortunately, not enough cultures yielded
fungi to allow reliable statistical analysis. One caveat
was that for patients 18- to 30-years-old, the maximum
temperature was significantly more likely to occur one to
< 24 hours after the first positive blood culture. For other
age groups (majority of patients enrolled), there were no
differences.

Riedel et al concluded that the best practices for col-
lecting blood cultures are to obtain enough blood vol-
ume (recent studies summarized in the ASM Cumitech
and the CLSI guideline on blood cultures have suggest-
ed from 40-60 mL), to obtain suitable numbers of sepa-
rate blood cultures (at least two), and to use stringent
aseptic technique to avoid contamination.   ■
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P. falciparum Malaria in a
Man with Sickle Cell Disease,
Four Years after Exposure 
A B S T R A C T  &  C O M M E N T A R Y

By Michele Barry, MD, FACP
Dr. Barry is a Professor of Medicine and Public Health;
Director of International Health Program, Department of
Medicine, Yale University School of Medicine, New Haven, CT.
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Synopsis: A case of symptomatic P. falciparum malaria
manifested itself four years after a visit to an area of
malaria endemicity in an 18-year-old male with sickle
cell disease. The exceptionally long incubation period
raises questions of how and where P. falciparum para-
sites could reside for several years before causing disease.

Source: Greenwood T, et al. Plasmodium falciparum malar-
ia 4 years after exposure in a man with sickle cell disease.
Clin Infect Dis. 2008;47:e39-41.

An 18-year-old man from togo was admitted to
a hospital in Sweden with a three-day history of

chest, stomach, and back pain, with recurrent episodes of
sweating and fever. He was known to have hemoglobin
SC disease and splenomegaly; he was admitted for pre-
sumed sickle cell crisis. Fever continued despite intra-
venous antibiotics and fluids. Results of bacterial cultures
of blood, nasopharynx, urine, and stool specimens were
normal, as were results of serological tests for Epstein-
Barr virus and cytomegalovirus. A blood smear revealed
P. falciparum in < 0.01% of erythrocytes, with large ring
forms noted on the peripheral smear, but also a few
trophozoites, schizonts, and gametocytes. PCR analysis,
performed by two methods, confirmed the presence of P.
falciparum. A species-specific PCR test detected only one
clone of P. falciparum. The patient was treated successful-
ly over three days with oral atovaquone/proguanil.

The patient was born in Togo but had lived for the past
14 years in Sweden. His last visit to Togo was four years
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prior to hospital admission. The patient had taken meflo-
quine prophylaxis weekly during this visit, but he
recalled one episode of fever during which he was treat-
ed with a different antimalarial, and then continued tak-
ing mefloquine again. He had not received blood transfu-
sions, visited an airport, nor been living close to anyone
in Sweden with malaria. Blood smear specimens saved as
part of a routine hematologic exam four years before the
trip to Togo were reanalyzed and found to be negative for
parasites. Greenwood et al postulate that this case
demonstrates clinical symptoms that can develop from a
chronic infection with P. falciparum.

■■ COMMENTARY
This is a very unusual case! In contrast to P. vivax and

P. ovale, P. falciparum, and P. malariae infections do not
have dormant liver hypnozoite stages in their life cycles.
P. malariae infections may have very long incubation
periods — as long as several decades — but it is not
clearly understood where the parasites reside. P. falci-
parum-associated malaria usually presents in > 95% of
cases within two months of exposure.1 Resistance to
malaria associated with sickle cell trait (genotype AS) has
been offered as an example of genetic selection for more
than half a century. Nevertheless, the mechanism of
malaria resistance remains the subject of considerable
debate. Abnormal hemoglobins (S, C, E) lead to a “bal-
anced polymorphism” within malaria-endemic areas, in
that they are associated both with a reduction in the num-
ber of homozygous individuals whose life expectancy is
limited by vaso-occlusive crisis or infections and with an
extension of the duration of life of heterozygous individu-
als due to protection against severe malaria. Individuals in
malaria-endemic areas who have sickle cell anemia or
sickle cell trait have reduced levels of parasitemia when
compared to individuals with normal AA hemoglobin.2,3

Longitudinal cohorts of children followed with sickle cell
trait have revealed that levels of parasitemia are lower in
AS individuals during the first two years of life, and AA
children are more often hospitalized with malaria.3 This
differential protection by sickle cell trait against malaria is
most marked in the first five years of life.4

The mechanism by which HgS trait or HgB SS disease
protects is not fully understood, but involves both
impaired parasitic growth and parasitic death within sick-
le trait erythrocytes. Carriers of sickle cell trait have a
dramatic acceleration of sickling rates in parasitized cells,
followed by subsequent clearance of the parasite. Recent
studies also suggest enhanced innate immunity, among
individuals with sickle cell disease or trait, may also be
playing a role in reducing malaria mortality and morbid-
ity in young children.2

A recent study has shown that individuals with sickle

cell anemia and malaria also have deformed red blood
cells that are unable to develop adequate sticky knobs that
adhere to endothelial cells in blood vessels, one mecha-
nism felt to be responsible for the severity of P. falciparum
malaria.5 Overall, it has been postulated that hemoglobin
S trait in early childhood provides 90% protection against
severe or cerebral malaria, and 60% protection against
malaria that is not severe.4 Hemoglobin C also protects
against malaria through the inhibition of parasite growth.

This case is particularly interesting, in that light micro-
scopic examination detected not only ring forms but also
trophozoites and schizonts, despite a low percentage of
infected erythrocytes on peripheral smear. This finding
perhaps signifies the inability of sticky knobs to form on
this patient’s red blood cells, which usually causes seques-
tration of the more mature schizonts and trophozoites.
One might also postulate that splenic dysfunction, which
can occur in SC disease associated with splenomegaly,
resulted in an inability to clear late stage parasites. 

This case really challenges the standard teaching that P.
falciparum rears its head within the life-span of an erythro-
cyte (ie, 120 days). Many questions are raised. Had these
parasites been multiplying in the blood and remained at
subpatent levels? Does P. falciparum have a dormant stage
in splenic or lymphoid tissue? Was this patient’s admission
really only precipitated by a sickle crisis? Do the malarial
parasites found on smear reflect an incidental persistent
low-level parasitemia? Did P. falciparum malaria trigger a
sickle crisis, or did a sickle crisis cause a chronic subpatent
parasitemia to develop into clinical malaria by overwhelm-
ing splenic function? There have been isolated case reports
of acute P. falciparum malaria following splenectomy for
lymphoma after prolonged absence from endemic areas, as
well as recrudescence in cases after removal of the spleen
for misdiagnosed tropical splenomegaly syndrome.6,7 Did
splenic dysfunction in this patient, which can occur despite
splenomegaly, precipitate malaria parasitemia? Whatever
mechanism, this case report should alert clinicians to the
possibility of malaria in patients from endemic areas who
present in sickle crisis, even if there is a history of a pro-
longed time period since clear exposures to the parasite.   ■
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Synopsis: In the United States, tuberculosis (TB) case
rates and drug resistance are much higher in foreign-
born persons. The greatest risk of active TB is associated
with individuals from sub-Saharan Africa and south-
east Asia, and those of older age at arrival. Although
risk is higher in persons who arrived recently in the U.S.,
the majority of TB cases have occurred in foreign-born
persons who have lived in the U.S. for more than 2 years.

Source: Cain KP, et al. Tuberculosis among foreign-born
persons in the United States. JAMA. 2008;300:405-412.

Cain et al analyzed the cases of tuberculosis
that occurred in the United States among foreign-born

persons from 2001-2006. During this period, 46,970
cases of TB were reported among foreign-born per-
sons, of whom 28% were recent entrants who were
within two years of entry to the United States; 69%
were not recent entrants. TB case rates were highest in
recent entrants. When analyzed by country of birth, case
rates in recent entrants were 3-7 times higher than among

non-recent entrants. Recent entrants born in sub-Saharan
Africa and Southeast Asia had annual case rates >
250/100,000 persons. Cases in persons born in sub-
Saharan Africa and southeast Asia account for 53% of all
TB cases in foreign-born individuals, although people
born in these regions account for only 22% of the for-
eign-born population in the United States. Recent
entrants from Central America, Eastern Europe, the
Pacific Islands, and South, East, and Central Asia had
annual case rates of > 100/100,000 persons.

Moreover, TB rates among foreign-born persons
remained at > 10/100,000 persons, even among those who
have lived in the United States for more than two decades,
four times higher than among US-born persons. When ana-
lyzed by age of arrival to the United States, TB rates rose
with increased age of arrival. In recent entrants, annual case
rates increased from 25-30/100,000 persons in those who
arrived at age < 5 years to > 100/100,000 persons in those
who arrived at age > 50 years. Similarly, in non-recent
entrants, the annual case rates were increased from
5/100,000 persons in those who arrived at age < 5 years to >
60/100,000 persons in those who arrived at age > 60 years.

Drug resistance is another problem in foreign-born per-
sons with tuberculosis, occurring in 10%-11% of bacterial
isolates, compared to 4% in US-born persons. INH-resist-
ance was highest in recent entrants from Vietnam (20%),
Peru (18%), the Philippines (17%), and China (16%).
Multidrug-resistant TB occurred in 6% of recent entrants
from Peru and China, compared to 0.6% among US-born
persons.

Cain et al assessed pre-arrival screening, which current-
ly includes chest radiography in persons ≥ 15, plus sputum
smear, if found to have abnormal radiograph. They found
that 4,499 foreign-born persons were reported with TB
within three months of arrival to the United States, with
91% having pulmonary disease. Abnormal chest radi-
ographs and positive sputum smears were found in 1,211,
which could have been identified by current overseas
screening. Another 1,502 had an abnormal chest radi-
ograph, negative sputum, but positive sputum culture.
Screening with CXR, sputum smear, and culture would
identify the latter group of individuals, 46% of whom are
from Vietnam or the Philippines.

■■ COMMENTARY
Mycobacterium tuberculosis infects about 30% of the

world’s population.1 In 2006, there were 9.2 million new
TB infections and 1.7 million deaths attributed to TB.2 In
the United States, the majority of TB cases occur in for-
eign-born persons and racial/ethnic minorities.3 In 2007,
foreign-born persons in the United States had a TB rate
that was 9.7 times higher than in US-born persons.3 The
CDC found TB rates to be much higher among Hispanics,
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blacks, and Asians (7.4, 8.3, and 22.9 times higher, respec-
tively) than in non-Hispanic whites; foreign-born persons
comprised the vast majority of TB cases among Hispanics
(77.2%) and among Asians (96.1%).3

From October 1998-October 1999, the CDC assessed
the ability of overseas screening with chest radiographs,
plus three AFB sputum smears for those with abnormal
chest radiographs to detect pulmonary TB among US-
bound immigrants. At that time, overseas screening in
Vietnam found that among 1179 adult immigration appli-
cants with abnormal chest radiographs, 82 (7.0%) had
positive acid-fast bacilli smears and 183 (15.5%) had pos-
itive Mycobacterium tuberculosis cultures.4 The sensitivi-
ty of chest radiographs plus AFB smears was only 34%,
and inadequate to control tuberculosis among foreign-
born persons.4

In 2007, the CDC initiated additional TB screening for
US-bound immigrant applicants, which included targeted
tuberculin skin testing of children 2- to 14-years-old who
live in countries with high TB incidence (ie, WHO-esti-
mated rates of > 20 cases per 100,000 population) and all
known TB contacts and adding cultures and drug-suscep-
tibility testing for persons with suspected TB.3 These new
initiatives were started in 2007 in Mexico, Nepal, the
Philippines, and Thailand, and are being expanded in 2008
to Vietnam and some African countries.3

The report by Cain et al substantiates data from past
TB analyses, and highlights the following:

• Foreign-born individuals who arrived in the United
States within two years are 3-7 times more likely to have
active TB infection than non-recent entrants.

• Persons born in sub-Saharan Africa and Southeast
Asia have the highest risk of having been infected with TB

• Older age at arrival to the United States is associat-
ed with increased case rates.

• TB drug resistance is more common in foreign-born
persons compared to US-born persons.

• Pre-arrival TB culture in addition to chest radi-
ograph and sputum smear should be useful for screening
persons born in Vietnam or the Philippines.

• Non-recent entrants comprised the majority (69%)
of the TB cases in foreign-born persons, clearly an
important group to target for diagnosis and treatment.

The great proportion of TB among foreign-born per-
sons underscores the importance to screen persons born in
high-incidence countries for TB. Screening for latent TB
is even more important in foreign-born persons who came
to the United States before the enhanced overseas screen-
ing was instituted. A model of lifetime TB reactivation
estimated the risk to be at least 20% among most persons
with > 10 mm of PPD induration who have either evi-
dence of old healed TB or are HIV infected.5 The lifetime

risk is estimated to be 10%-20% among persons with
recent tuberculin skin test conversion, among persons
younger than 35 years of age who are on infliximab treat-
ment and have > 15 mm of induration, and in children < 5
years of age with > 10 mm induration.5

The development of whole-blood interferon-γ release
assays holds promise as alternative TB screening tools.
These tests avoid the cross reactivity due to immunization
with BCG, which has plagued the interpretation of tuber-
culin skin tests in the past. The tests have recently been
approved by the FDA, and wider use is anticipated in the
near future.6,7

We can contribute to the TB control efforts through the
screening of travelers who were born in high-risk coun-
tries for TB (sub-Saharan Africa and Southeast Asia in
particular, but also Central America, Eastern Europe, the
Pacific Islands, and South, East, and Central Asia).
Travelers who are visiting friends and relatives are espe-
cially at risk, even if prior TB screenings were negative,
when they plan to spend time in countries with high risk
for TB. The TB screening can be done when travelers pres-
ent for pre-travel evaluations, or can be performed after the
travelers return. If available, screening can utilize an inter-
feron-γ release assay when there is concern about BCG-
associated positivity contributing to the positive tuberculin
skin test. ■
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CME Questions

4. Which of the following is correct?
a. HSV infection is more common in the neonate

than bacterial meningitis.
b. All neonates with HSV infection are febrile.
c. The incidence of HSV infection in neonates is

highest in the second week of life.
d. The most sensitive test for HSV infection in the

cerebrospinal fluid of neonates with HSV menin-
gitis is the antibody test.

5. Which of the following is correct with regard to the timing of
phlebotomy for blood cultures in the febrile patient?
a. The blood culture must be drawn at the peak of

fever.
b. The blood cultrue must be drawn as soon as the

fever peak resolves.
c. For paired blood cultures, the samples must be

obtained after an interval of at least two hours.
d. At least two blood cultures should be drawn using

stringent aseptic technique.

6. Which part of the United States has the highest reported
incidence of legionellosis?
a. Northeast
b. Midwest
c. Southeast
d. West

CME Objectives
The objectives of Infectious Disease Alert are to:
• discuss the diagnosis and treatment of infectious

diseases;
• present current data regarding the use of new antibi-

otics for commonly diagnosed diseases and new uses for
traditional drugs;

• present the latest information regarding the pros,
cons, and cost-effectiveness of new and traditional diag-
nostic tests; and

• discuss new information regarding how infectious
diseases (eg, AIDS) are transmitted and how such infor-
mation can lead to the development of new therapy.   ■
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Coxsackie B-1 Virus
Infection in Neonates 

MMWR Weekly, May 23, 2008; 20:
553-556.

An increase in coxsackie b-1
virus (CVB-1) infections was

observed in 2007 in the United States,
associated with an increase in neona-
tal cases and multiple deaths.
Infections in neonates resulted in
myocarditis and central nervous sys-
tem infection, as well as coagulopathy
and hepatitis, generally observed with
enterovirus 11 infections. As reported
in MMWR, a total of 514 enteroviral
infections were reported from 36
states by February of this year. This is
likely an underestimate of the true
prevalence of this infection, as many
infections go unrecognized.

Twenty-five percent were due to
CVB-1. For those cases with suffi-
cient demographic information, 65 of
95 CVB-1 infections (68%) occurred
in children less than 1 year of age,
including 50 cases in infants less
than one-month-old. Five of these
resulted in death, all of whom devel-
oped multisystem organ failure with
the first four days of life. Four of the
five mothers were reported to have
developed fever or chorioamnitis,
suggesting perinatal or intrauterine
transmission of infection.

A majority of these infections
were reported from California and
Illinois. Following a report by the
Los Angeles Public Health
Department alerting clinicians in the
area to the occurrence of 3 CVB-1
myocarditis cases in neonates (2
fatal), the PHD received a total of 30
reports of enteroviral infection in

neonates from 7 hospitals. Half of the
cases were < 1-15 days old (73% were
less than one month old), nearly half
required ICU care, and four (13%)
died. Most of the patients had menin-
gitis (n = 22) and/or myocarditis (n =
12), although coagulopathy occurred
in six, sepsis-like febrile illness in
five, respiratory difficulties in three,
and hepatitis in two. Eleven patients
had multisystem organ failure, includ-
ing all nine patients who were < 7-
days-old. Serotype β was available for
19 of the cases; 14 of which were
CVB-1 strains (one patient had dual
CVB-1 and CVB-3 infection). Two of
the four deaths were due to CVB-1
strains.

All of the CVB-1 virus collected
proved to be phylogenetically related,
and similar to a strain reported from
Colorado in 2006. Prior to 2007, the
prevalence of circulating CVB-1, rela-
tive to other enteroviral strains, was
always under 10%. These data indicate
that an emerging strain of CVB-1 is
circulating in some communities, and
is more likely to result in neonatal
infection, especially those born to
mothers with acute infection, or per-
haps those lacking antibodies to this
strain. Enteroviral infections are more
common in the late summer and fall
months. Physicians should be on the
alert for cases of myocarditis, aseptic
meningitis or central nervous system
infection, or sepsis-like conditions
occurring in neonates and infants. 
Serotype identification is important for
epidemiological purposes, and efforts
should be made to retrieve virus.
Enteroviral-RT-PCR can be performed
on CSF and myocardial specimens,
although stool viral cultures may pro-
vide virus for further study.

The Hottest 
Anti-fungal Agent?

Tewsbury JJ, et al. The evolutionary
ecology of pungency in wild chilies.
Proceedings of the National Academy of
Sciences. 2008;105:11808-11811.

Chile peppers have evolved
from the mildest green pepper to

the hottest Scotch Bonnet or Habanero
from the Yucatan peninsula. Varying
degrees of “heat,” or piquancy, are
conveyed by capsaicinoids, which are
especially prevalent in the seeds of the
pepper. The intensity of the fiery heat
is measured in Scoville units, a loga-
rithmic scale developed by an
American chemist named Wilbur
Scoville. Thus, a green bell pepper
measures zero on the Scoville scale
and contains no capsainoides,
whereas Habaneros generally rate
between 200,000-300,000 Scoville
units. (Standard US Grade pepper
spray rates between 2,000,000-
5,300,000 units.) Pungency values
for peppers in Scoville units are impre-
cise, due to variations between pep-
pers of the same species and the sub-
jective nature of the rating. An alter-
nate measure has been developed
using high-performance liquid chro-
matography, which directly measures
capsaicinoids.

Capsaicinoids stimulate chemore-
ceptors in nerve endings in the skin,
especially in mucous membranes.
Biologists have suspected that capsai-
cinoids act as a natural antimicrobial,
which would convey some evolution-
ary advantage to those chilies at
greater risk for fungal infection.
Apparently, because of the heat and
humidity, chilies in South America are
especially susceptible to fungi, such as
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Fusarium semitectum. Fungi enter
the pepper through small holes made
by insects, resulting in infected seeds.

To help solve this puzzle, wild
chilies were collected from seven
different chili populations over a
618 square mile area of Bolivia. 
Examination showed that chilies
with higher levels of capsaicinoids
in the seeds had fewer fungal-infect-
ed seeds.

Next, newly grown pristine
chilies were exposed to fungal-car-
rying insects. Those chilies with
higher levels of capsainoides had
45% to 55% lower fungal burdens,
which occurred in a dose-dependent
fashion. A dose-dependent relation-
ship was also observed when fake
capsaicinoid-laced fruit was exposed
to fungus in the laboratory. This
may, in part, explain the benefits of
using peppers in cooking and for
storing foodstuffs in hotter climates
— perhaps the food was also less
susceptible to mold and spoilage.

Altitude Sickness and
Adventure Travel

Sources: Leshem E, et al. Clinical
features of patients with severe alti-
tude illness in Nepal. J Travel Med.
2008;15:31-32; Kupper T, et al. Low-
dose theophylline reduces symptoms
of acute mountain sickness. J Travel
Med. 2008;15:307-314.

Adventure travel and ecotour-
ism has become a huge industry,

and certain destinations are becoming
ever more popular. More than 80,000
people travel annually to Nepal alone
to trek. People come from all over the
world, are of all ages, and some, it
turns out, are not in the greatest shape
and have underlying medical prob-
lems. Many of these individuals fre-
quently ascend to > 5500 m over a
period of 1-3 weeks; the highest alti-
tude attained with the normal trekking
permit is 5,600 m (18,400 feet),
although a special permit may be

obtained allowing climbers to attempt
peaks from 5,600-8,848 m. The risk
of altitude sickness in these travelers is
not trivial. Current estimates suggest
that up to 30%-40% of persons
trekking above 4000 m develop some
form of altitude sickness.

Leshman et al assessed the clinical
and demographic features of patients
seen and evaluated for altitude-related
illness at the CIWED Clinic Travel
Medicine Centre in Kathmandu,
Nepal (located at 1310 m.) from
1999-2006. A total of 406 patients
meeting criteria for some form of alti-
tude-related illness were included in
the study (some retrospectively),
ranging in age from 15-73 years. Of
these, 85% trekked with an organized
group. Patients were grouped accord-
ing to findings consistent with high
altitude cerebral edema (21%), high
altitude pulmonary edema (34%),
both (27%), or acute mountain sick-
ness (AMS) (18%). Demographic
characteristics were compared with
that of 39,402 trekkers without alti-
tude-related illness (obtained from
the permit registry), who served as a
control group. In general, compared
with controls, patients with altitude-
related illness were older 38.6 vs 44
yrs (p < .0001) and more frequently
male. Prophylactic acetazolamide
was used less frequently in patients
with high-altitude cerebral edema
(28%) and patients with high-altitude
pulmonary edema (29%), compared
with 43% of those with AMS (p <
.001). (Similar information on con-
trols was not available.). Nearly 6%
of patients with altitude-related ill-
ness had a history of significant med-
ical problems, including hyperten-
sion, heart disease, asthma, diabetes,
or stroke.

Individuals with altitude-related
illness were more likely to have
trekked Everest, where the ascent was
nearly twice as rapid, and the maxi-
mal altitude greater than in other
areas. Most evacuations and deaths
were in Everest climbers. The esti-

mate of altitude-related death in
Nepal was 7.7 per 100,000 trekkers.

The authors recommend that cur-
rent recommendations for altitude
gain per day be adjusted downward,
especially in the Everest area,
although this means a climb will take
longer. Although one might imagine
that group trekking would be more
safe, the authors contend that it is
characterized by a more rigorous
schedule, with peer pressure to stay
with the group despite early warning
signs of fatigue and illness. It is worth
noting that 33% of those with altitude-
related illness received prophylactic
acetazolamide.

In a second, smaller, randomized,
placebo-controlled study, Kupper et al
examined the efficacy of low-dose,
slow-release theophylline 300 mg
daily in 17 healthy male volunteers in
the reduction of AMS. The mean age
was 35 yrs, and all of the patients were
experienced recreational climbers.
The study was conducted on Monte
Rosa in Italy at 4,559 m. A 12-channel
sleep recorder recorded sleep and
breathing parameters thru the night.

Theophylline was well tolerated,
and no participant developed high
blood pressure during the study.
AMS symptoms were significantly
less frequent in individuals receiving
theophylline compared with placebo,
and none of the individuals receiving
theophylline had an elevated mean
AMS score at any time at the inter-
mediate altitude of 3440 m. During
ascent and during all five days at the
highest altitude of 4,559 m, the dif-
ference in symptoms between the
groups was still significant. Periodic
breathing events (34 vs 74 per hr, p <
.05) and oxygen desaturations (62 vs
122 per  hr, p < .01) were significant-
ly reduced in theophylline recipients
compared to the placebo group.
Kupper et al believe theophylline
stimulates the respiratory drive,
thereby reducing the risk of sleep dis-
order breathing, which adds to the
hypoxic burden of high altitude.   ■

24 November 2008



In the Issue: Ongoing safety review of
tiotropium; raloxifene reduces the risk of
endometrial cancer; one-day treatment with fam-
ciclovir may be as effective as 3-day treatment
with valacyclovir; new Clinical Practice
Guideline from the American College of
Physicians regarding pharmacologic treatment
for low bone density and osteoporosis; FDA
Actions.

THE SAFETY OF INHALED ANTICHOLINERGICS FOR

the treatment of chronic obstructive pul-
monary disease (COPD) has come under scrutiny
in recent months. In July, the FDA issued an
“Early Communication” about an ongoing safety
review of tiotropium (Spiriva®) the most widely
used agent for the treatment of COPD. The
review is focused on a possible increased risk of
stroke and is based on a pooled analysis of 29 tri-
als which showed the risk of stroke at 8 patients
per 1000 treated with tiotropium versus 6
patients per 1000 treated with placebo. 

Now two new studies suggest that inhaled
anticholinergics (ipratropium [Atrovent®] and
tiotropium) increase the risk for all-cause mortal-
ity and cardiovascular disease in patients with
COPD. In a large meta-analysis (JAMA 2008;300:
1439-1450), researchers reviewed 17 trials involv-
ing nearly 15,000 patients with COPD who were
randomized to an inhaled anticholinergic or con-
trol. The primary outcome was a composite of
cardiovascular death, MI, or stroke. The second-
ary outcome was all-cause mortality. The primary
outcome occurred in 1.8% of patients receiving
inhaled anticholinergics and 1.2% of patients
receiving control therapy (RR 1.58, 95% CI, 1.21-

2.06; P < 0.001). Inhaled anticholinergics signifi-
cantly increased risk of MI, cardiovascular death,
and all-cause mortality (RR 1.26). When the
analysis was restricted to long-term trials, the risk
was even greater for cardiovascular death, MI, or
stroke (RR 1.73). The number needed to harm for
MI was 174 per year, while the number needed to
harm for cardiovascular death was 40 per year.
The authors concluded that inhaled anticholiner-
gics are associated with a significantly increased
risk of cardiovascular death, MI, or stroke among
patients with COPD. 

In a second nested, case-control study (Ann
Intern Med 2008;149:380-390), the National
Veterans Affairs databases were used to review
all-cause mortality, respiratory and cardiovascu-
lar deaths, and exposure to COPD medications
including inhaled corticosteroids, ipratropium,
long-acting beta agonists, and theophylline in the
6 months preceding death. The adjusted odds
ratios for all-cause mortality were 0.80 for inhaled
chronic steroids, 1.11 for ipratropium, 0.92 for
long-acting beta agonists, and 1.05 for theo-
phylline. Ipratropium was associated with
increased cardiovascular deaths (OR 1.34),
whereas inhaled corticosteroids were associated
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with reduced risk for cardiovascular death (OR
0.80). The authors conclude that there is a possi-
ble association between ipratropium and elevated
risk for all-cause and cardiovascular death and
that further studies are needed. They also suggest
that the risk of ipratropium may be somewhat
mitigated by concomitant use of inhaled corticos-
teroids, but caution should be exercised if iprat-
ropium is used alone in patients with recently
diagnosed COPD.

Raloxifene reduces endometrial cancer risk
It is well known that raloxifene reduces the

risk of breast cancer; now there is evidence that
the drug reduces the risk of endometrial cancer as
well. Raloxifene (Evista®) is a selective estrogen
receptor modulator (SERM) that is indicated for
treatment and prevention of osteoporosis and for
breast cancer prevention. Researchers from the
University of Pennsylvania compared endome-
trial cancer rates in women on raloxifene, tamox-
ifen, and non-users of SERMs in a case-control
study of 547 women with endometrial cancer and
1410 controls. After adjustment for other risk fac-
tors the odds of endometrial cancer among ralox-
ifene users was 50% that of non-users (OR = 0.50;
95% CI, 0.29-0.85), whereas tamoxifen users had 3
times the odds of developing endometrial cancer
compared to raloxifene users (OR = 3.0; 95% CI,
1.3-6.9). Among raloxifene users who developed
endometrial cancer, the tumors had a more favor-
able histologic profile and were predominantly
stage I and low grade. The authors conclude that
raloxifene users have significantly lower risk of
developing endometrial cancer compared with
tamoxifen users and SERM non-users, perhaps
even suggesting a role for raloxifene and preven-
tion of endometrial cancer (J Clin Oncol 2008;
26:4151-4159).

One-day famciclovir = three-day valacyclovir
For patients with recurrent genital herpes out-

breaks, one-day treatment with famciclovir may
be as effective as 3-day treatment with valacy-
clovir, according to a new study. In a double-
blind parallel group study, 1179 adults with a
history of recurrent genital herpes were random-
ized to receive either famciclovir 1000 mg twice
daily for one day vs valacyclovir 500 mg twice
daily for 3 days. Patients initiated treatment
within 6 hours after a recurrence. Approximately
one-third of patients in each group aborted geni-
tal herpes outbreaks altogether, but for those who
went on to develop lesions, median time to heal-

ing was 4.25 days for famciclovir vs 4.08 days for
valacyclovir. Time to healing was the same in
both groups and the incidence of adverse affects
was 23.2% for famciclovir vs 22.3% for valacy-
clovir. The study demonstrates that a single day
of famciclovir (1000 mg twice daily) is equivalent
to 3 days of valacyclovir (Clin Infect Dis
2008;47:651-658). Other regimens for treatment of
recurrent HSV episodes include acyclovir 800 mg
3 times daily for two days or 400 mg three times
daily for 3-5 days, famciclovir 125 mg twice a day
for 3-5 days, or valacyclovir 500 mg twice daily
for 3 days. Both acyclovir and famciclovir are
available generically, but acyclovir is consider-
ably less expensive; however, the convenience of
a one-day treatment with famciclovir may be
worth the extra cost for many patients.

New practice guideline for osteoporosis
The American College of Physicians has issued

a Clinical Practice Guideline regarding the phar-
macologic treatment of patients with low bone
density or osteoporosis (Ann Intern Med 2008;
149:404-415). The expert committee recommends
that clinicians offer pharmacologic treatment to
men and women who have known osteoporosis
and to those who have experienced fragility frac-
tures. They also recommend that pharmacologic
treatment should be considered for men and
women who are at risk of developing osteoporo-
sis and that the choice of pharmacologic treat-
ment should be based on assessment of risk and
benefits in individual patients. The guideline
reviews different treatment modalities including
bisphosphonates, calcitonin, estrogen, teri-
paratide, SERMs, testosterone, and calcium plus
vitamin D. Left unanswered are the questions of
duration of treatment with bisphosphonates and
the optimal dose of calcium and vitamin D. 

FDA actions
The FDA has issued warning letters to

Ranbaxy Laboratories Ltd. of India in an Import
Alert for the company’s generic drugs produced
in two Indian plants. The warning letters identify
concerns about deviations from U.S. current
Good Manufacturing Practice requirements at
Ranbaxy’s manufacturing facilities and the
Import Alert allows officials to detain at the rest
border any active pharmaceutical ingredients
manufactured at Ranbaxy facilities. Ranbaxy
manufacturers more than 30 generic drugs
including commonly used antibiotics, antihyper-
tensives, and antivirals.  ■
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